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Abstract: A1050 and C1100 are normally used as terminal tabs, they are connected either by mechanical
joining, e.g. mechanical bolt, or rivet, or by welding, e.g. resistance spot welding. This study aimed to
compare the mechanical bolt, blind rivet, and resistance spot welding methods by measuring important joining
properties to support the process selection for joining terminal tabs in pouch cell batteries. T-peel-shaped
were created and immersed in a 3.5 wt% NaCl electrolyte solution over different durations. Tensile tests were
conducted to ascertain the maximum load-bearing capacity of the various joints. Furthermore, the electrical
resistivities of the joints were measured using the 4-point probe technique. The corrosion rates of various
joints were calculated from the corrosion current density (/.,,) measured from the Tafel polarization technique.
ANOVA and Tukey’s test were used for analyst data comparison of the three joining techniques. Based on
the mechanical properties, the mechanical joints by either steel bolt or steel rivet exhibited higher shear
peeling strength than the resistance spot welding. The mechanical joining processes were simple with ease of
maintenance, however, the use of steel components correlated with heightened corrosion rates and higher
resistivity. Spot welding joints tended to produce low joining strength due to the brittleness of the welding
spot. Nonetheless, the spot weld joints demonstrated minimal changes in resistivity following corrosion

exposure as opposed to the mechanical joining counterparts.

Keywords: Corrosion; Resistivity; Aluminum; Copper; Mechanical joining; Resistance spot weld; ANOVA
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1. Introduction

The electrical vehicle fields (EVs) are speedily
growing according to the environmental issues
because EVs can contribute to the reduction of
global warming by producing zero pollutant
emissions. Terminal tabs of pouch cell batteries,
which are one of the core components of EVs, are
of interest in this work. Al and Cu are commonly
used as terminal tabs due to their great
mechanical and electrical properties. An Al tab is
used as a positive electrode and Cu is a negative
one. Due to their different electrochemical
potentials, galvanic corrosion may occur due to the
connection of Al and Cu tabs for battery cells
connected in series. The corrosion issue could
affect the performance of a battery and raise
safety concemns. In terms of corrosive environment,
the surface has more rust or white flake which are
signs of corrosion behavior [1].

In recent years, several joining techniques of
terminal tabs have been used, including mechanical
bolt joints, resistance spot welding, ultrasonic
welding, and laser welding. Welding techniques
provide direct contact between the two tabs without
extra joining components, enabling good electrical
contact and compact joining. However, the welding
processes normally require high-budget equipment
and good welding practice. A mechanical bolt
joining is simple, low-cost, does not require high
and can removed.

technical skill, be easily

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.08.001

Therefore, it is a popular joining technique among
small-business and hobbyist communities of battery
module packaging. However, the electrical contact,
galvanic corrosion of the steel bolt, and long-term
bolt tightening of the mechanical bolt joint are of
concem. Rivet joining method, commonly used in
the aviation industry, is another good alternative
mechanical joining technique, which offers a fast
and simple joining process [2]. Solid riveting is used
widely for metal joining process. For the riveting
process, holes are made through sheets and a rivet
is used to join the sheets through the holes. The
aviation industries commonly use a riveted lap joint
to make a strong joint in fuselage of aircraft [3]. A
blind rivet was used to join Al and Cu sheet for
comparison with Cu-Cu and Al-Al sheets; the results
were shown that the strength of Al-Al and Cu-Cu
were lower than strength of AI-Cu combination,
which was tested by the tensile testing [4]. The
mechanical and electrical properties have been
tested in many techniques to ensure safety and
performance, then the selection of terminal-tab
joining techniques must consider the joining
strength, corrosion behavior, and electrical contact
quality. However, to date, there is no report on the
comparison of the terminal tab joining performance
among resistance spot welding, mechanical bolt
joining, and rivet joining. Terminal tabs experience a
harsh environment, including fatigue damage and

chemical reactions.

The Journal of Industrial Technology (2024) volume 20, issue 2

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

Resistance spot welding (RSW) is a popular
welding method for joining metal sheets in industries
like automotive and aerospace. It involves applying
pressure and passing an electric current through the
sheets, creating heat that melts the metal at the
joint. When pressure is maintained, the molten
metal solidifies, forming a strong bond known as a
weld nugget. RSW is favored for its high production
rates, quality welds, and suitability for automation,
but it requires precise control of welding parameters
for consistent and reliable results, including current
level, electrode force, and welding time [5]. Yang et
al. [6] studied the behavior of corrosion of spot weld
zone on dissimilar metals (Al and Al-Li) by
tests. The

immersion and electrochemical

polarization curve ensured the increase of
immersed time in electrolyte, the corrosion was
spread widely on the surface of metals.

In this study, we investigated the joining of
Aluminum A1050 and Copper C1100 plates,
comparing the resistance spot welding, mechanical
bolt, and rivet joining methods. Both A1050 and
C1100 are common alloy grades used as terminal
tabs in  pouch-cell battery  manufacturing.
Additionally, Aluminum 1050 is known for its high
purity, good corrosion resistance, and high electrical
conductivity. It's suitable for general applications
where these properties are sufficient, while
Copper1100 is also an excellent choice when high

electrical conductivity, good thermal conductivity,

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.08.001

and corrosion resistance are crucial [7]. The

mechanical joining, corrosion behaviors and
electrical contact conductivity of the three joining
techniques were studied and compared to provide
useful information for a proper selection of the

terminal tab joining techniques.

2. Experimental procedure

According to JIS Z 3136-1978 standard (ASTM
International, 2000), the 30 mm width, 100 mm
length, and 0.3 mm thickness of Al A1050 and Cu
C1100 plates were prepared and connected to form
a T-peel shape as shown in Fig. 1, which is similar
to a joining configuration of the pouch cell battery
terminal tabs. Chemical compositions of both metals
are shown in Table 1. Moreover, Fig. 2 shows a
diagram of the experimental process. Before the
joining processes, the surfaces of the workpieces
were cleaned with a solvent cleaner. For the
mechanical bolt joining, a mechanical steel bolt (low
head socket cap screw M4, 4-mm diameter) was
applied with a tightening force of 2.5 N.m. (DIN
7984 standard). For the rivet joining,

Fig. 1 Geometrical illustration of

T-peel shape workpiece
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Fig. 2 The diagram of the experimental process

a 4 mm-diameter blind steel rivet was clamped by a
rivet gun with the clamping force. For the resistance
spot welding, we used the optimal spot weld
conditions of the laboratory spot welding equipment
reported by Saowapa et al. [8]. During the spot
weld process, heat and pressure were applied on
the terminal tabs joining by the pressing spot
electrodes. The spot weld electrodes of the spot
weld equipment are a 5-mm Copper Chrome
alloy (type E Truncated).

To prevent the overheating damage of the Al
and Cu plates, two C1100 plates of 0.7-mm
thickness were added both Al and Cu plates, as
busbars. The three key parameters of the
laboratory resistance spot welding equipment
were set as following: (i) electrode pressure is
1.5-2 MPa, (i) welding frequency is 35
cycles/sec, and (iii) weld current is 8500 A or
85% of max current [8]. It should be noted that

we have controlled the joining areas for all three

joining techniques to be as close as possible using

Table 1 Chemical composition of C1100 and
A1050, according to JIS, Japanese Industrial
Standard (Japanese Standard Association, 1978)

Cc1100 Percentage, wt%
Copper (Cu) =99.9
(Pb, S, Fe, Ni, Zn, Cu) <0.01

A1050 Percentage, wt%
Aluminum (Al) =99.9
Titanium (Ti) <0.40

Silicon (Si) <0.25
Iron (Fe) <0.05
Copper (Cu) <0.05
Magnesium (Mg) <0.05
Manganese (Mn) <0.025

available components in the market, including 4-mm
diameters for both mechanical and blind rivet joining

and 5-mm spot-welding electrodes.

The Journal of Industrial Technology (2024) volume 20, issue 2

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)

-

UNAMNITY

2.1 Joining strength and immersion tests

The specimen from three different joining
methods, including (i) mechanical steel bolt, and (ii)
blind steel rivet, (iii) resistance spot welding, were
prepared for mechanical, corrosion, and electrical
characterizations. Three replications of the
workpieces were characterized for all testing to
mean calculation. The workpiece was immersed in
3.5 wt% NaCl solution for different durations (0 to 4
weeks) for corrosion behavior investigation and
mechanical tensile test. Additionally, 3.5 wi%
sodium chloride solution was referred to ASTM
G44-21 for a corrosion investigation. The
mechanical tensile test is conducted according to
ASTM E8 [9], with the purpose of achieve stress-
strain behavior as referring to Fig. 3. The T-peel
shape specimens (as illustrated in Fig. 1) were
prepared for the mechanical tensile test with 30 mm
gage length and performed with force-displacement

graph record via Universal testing machine (UTM).

Fig. 3 T-peel shape test in UTM alignment

ISSN (online): 2697-5548
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2.2Electrochemical test

Electrochemical test was performed using a
“PGSTAT302N auto lab” electrochemical workstation
for polarization curve to determine the corrosion
resistance of the specimens in an electrolyte
solution of 3.5 wt% NaCl at room temperature. The
polarization test was conducted by initiated
electrode potential -1.5 V to 1.5 V at sweep rate of
20 mV/min with the study area was 90 mm?, this
chosen range was sufficient to evaluate corrosion
current density measurement, |, in Alcm?, by Tafel
extrapolation. The three-electrode system was used,
including a silver wire coated with silver chloride
(Ag/AgCl/saturated KCI) as a reference electrode, a
platinum-coated mesh as a counter electrode (CE),
and the workpiece as a working electrode (WE).
After the electrochemical test, the exposed surface
was cleaned and rinsed with acetone and dried in
air. For Tafel potentiostatic analysis, the polarization
curves of current density-vs.-applied potential (vs.
Ag/AgCl) could reveal the corrosion potential (E,,)
and corrosion current (l.,,) at the interception of the
cathodic and anodic polarization curves. |, value
represents the flow of electrons from the working
metal to the electrolyte environment during the
corrosion process. Therefore, the corrosion rate
could then be calculated from |, using Faraday’s
Law. The corrosion rate measures the rate at which
the metal surface corroded under the concentrated

NaCl environment.
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2.3 Resistivity measurement

The four-point probe method was used for
measuring the resistivity of the joints. The four-point
probe technique used an alignment of four
conductive probes in series with equal spacing
between adjacent probes. A current (I mode) was
passed between the two outer probes, so the
current flowed through the specimen along the
alignment of the four probes. A voltage (V) was
then measured across the two inner probes. The
Al/Cu joints of the T-peel shape specimens were
placed in between the two inner probes. Therefore,
a pair of outer and inner probes would be pressed
on Al side and another pair would be on Cu side.
This was to ensure that the current flowed through
the joints and the joint resistivity was measured.
The resistance could then be calculated from the
slope of a voltage-current linear graph. The
resistivity could be calculated from the resistance

data and the probe spacing parameters.

2.4 Statistical data analysis

Tukey Honestly Significant Different (HSD) test
was used to compare the resultant mechanical,
electrical, and corrosion data for Al/Cu specimens
with varying joining methods. Tukey analysis was
used to assess the significance of effects of different
joining methods on the joining properties of interest.
For the treatment conditions with non-significant
difference in the response values, they are labeled

with the same letter. For the treatment groups,
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which show significant difference, they are labeled
with different letters. The letters are conventionally
labeled from highest to lowest values in the order of
‘a’, ‘b, ‘¢ and so on (‘a’ as the maximum value).
A treatment group might be labeled with two letters,
which reflect overlapping values with two other
treatments or more.

The Tukey’s test is used in conjunction with the
analysis of variance (ANOVA) via excel. In this
analysis, the ANOVA tested the overall hypothesis
whether the varying joining methods and the
immersion durations had significant effect on the
mechanical, electrical and corrosion characteristics
of the specimens. For both Tukey's test and
ANOVA, the confidence interval or confident level of
95% (0= 0.05) was applied. If ANOVA reports a
P-value less than a (= 0.05), the treatment of
interest shows significant effect on the measured

characterization behavior (rejecting null hypothesis).

3. Results and Discussion
3.1 Joining strength test

Fig .4 presents a bar chart of the average
maximum tensile load for different joining methods
with Tukey’s labeled difference. The average tensile
loading of the mechanical bolt joining appeared to
be the highest. However, with Tukey's comparison
analysis at 95% confidence level (o= 0.05), the
difference between the average maximum tensile
loadings of the mechanical bolt joining and the

blind rivet joining is not statistically significant.
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Fig. 4 Bar chart of the maximum tensile loads for the three joining methods with Tukey’s HSD letter display

As a result, both joining methods were labeled with
‘a’. Meanwhile, the resistance spot weld joining

showed the lowest average tensile load.

3.2 Immersion

Fig. 5 shows the bar charts of the maximum
tensile load bearing of different joining methods after
immersion period from 0 — 4 weeks for (a)
mechanical bolt, (b) blind rivet, and (c) spot welding
with Tukey's analysis labels. Additionally, the
statistical test was a tool to confirm the accuracy of
all data in each joining method. One-way ANOVA
test showed that the P-value for bolt, rivet, and spot
weld was lower than 0.05 (for 95% confidence
level), as 29x107, 6.7x107, and 3.5x107,
respectively. It is clearly seen that an increase of
immersion time decreased the joining strength of
the specimens. Additionally, it is evident that both
before and after exposure to corrosive environment
period, the bolt method consistently attains the
highest maximum tensile load, thus signifying its
robust mechanical

integrity and load-bearing

capacity under normal conditions. On the other
hand, the spot weld process consistently exhibits
the lowest maximum tensile load, even at the outset
of corrosion period (0™ week immersion). This lower
load-bearing capacity is indicative of the mechanical
characteristics of spot weld method, which tend to
be more vulnerable to tensile stresses compared to
mechanical assemblies. For the spot-welding
method, the maximum load dropped significantly
from zero week to first week and then slightly
decreased in next three weeks. For the mechanical
bolt and blind rivet methods, the maximum loads
appeared to drop slightly after the 1% week, then
decreased significantly after the 2™ week. The
joining strength of the spot weld specimens
decreased the most over 4-week immersion period
with more than 65% maximum load tensile from
Week 0 to Week 4. The rivet method specimen’s
joining strength decreased around 42% after four
weeks, while the joining load of the steel bolt

specimen showed the lowest drop of 37% after

4-week immersion.
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Fig. 5 Bar chart plot of the tensile strength results for over different immersion durations with

Tukey’s analysis labels for (a) Mechanical steel bolt, (b) Blind steel rivet, and (c) spot welding
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Spot welds exhibit higher susceptibility to
corrosion compared to mechanical joining (bolts and
blind rivets) due to the lack of protective coatings in
their heat-affected zones (HAZ). Therefore, spot
welds are more prone to degradation when exposed
to corrosive environments such as water or
chemicals. These may explain significant drop in the
joining strength of the spot welding as compared to

the mechanical bolt and blind rivet joining.

3.3 Failure mode

Fig. 6 displays pictures of the failure onsets of
the workpieces under tensile loading for all three
joining methods. For both mechanical bolt joining
and rivet joining (Fig. 6 (a, b)), it is clearly seen that
the damage occurred on the Al sides, which ripped
along the steel tool length. Under the tensile load,
the connector was uniformly loaded at the initial
loading phase, then the Al sheet was bent slightly
due to its lower strength than either the steel tools
or the Cu sheet. As the tensile loading continued,
the steel connectors (either bolt or rivet) remained
strongly connected to both Al and Cu sheets. As a
result, the Al sheets were the weakest links and
sheared along the steel connectors. After the tensile
test, both heads of steel bolt and blind rivet were
struck on the metal sheets with a little bend on the
Cu sheets. On the other hand, for the resistance
spot welding, the fracture occurred along the weld
nugget, as shown in Fig. 6 (c). From the fracture

surfaces, it is clearly seen that the welding nugget

ISSN (online): 2697-5548
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was the molten Al on the Cu sheet. There were Al
pieces throughout the fractured surface on the Cu,
while a fractured weld-nugget hole was observed on
the Al sheet. Fig. 7 llustrates the cross-
sectional microstructure of the Al/Cu spot welding
area, taken by Scanning Electron Microscope
(SEM). The melting and pressure on dissimilar
metals during welding leads to the formation of
several phase within the weld nugget upon
solidification [10]. Moreover, an intermetallic welding
area is evident between the Al and Cu sheets. The
intermetallic layer provided the bonding strength
however, it was britle and easily fractured,
especially by shearing strength. As a result, the
spot-welding provided the weakest joining strength

as compared to bolt and rivet methods.

3.4 Corrosion characteristics

Fig. 8 presents the polarisation curves, which
provides the corrosion potential (E_,) of materials:
steel bolt, steel rivet, Al A1050, Cu C1100. The
corrosion potentials of A1050, steel bolt, steel rivet,
and C1100 were found to be approximately -1.08, -
0.98, -0.96, and -0.90 V vs Ag/AgCl, respectively.
These values reflect the materials’ inherent
tendencies to undergo corrosion within the given
experimental conditions (3.5 wt% NaCl solution): the
lower potential, the higher corrosion tendency
(poorer corrosion resistance). The Al A1050 showed
the lowest potential, while the Cu C1100 the

highest. Difference in corrosion potentials between
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Fig. 6 Failure modes observation of workpieces which connected by (a) bolt, (b) rivet, and (c) weld

Fig. 7 SEM micrograph of the cross-sectional area of a representative Al and Cu nugget

coupled metals can lead to galvanic corrosion to the with the three joining methods. The corrosion
lower-potential metal. The current densities (/) of potentials of the Al/Cu specimens joined with steel
A1050, steel bolt, steel rivet, and C1100, are bolt, steel rivet, spot welding, are -1.05, -1.11, and -
7.7x105,  4.4x10°  3.4x105 6.3x10° Alcm? 1.00 V vs. Ag/AgCl, respectively. The corrosion
respectively. The Cu C1100 showed the lowest potentials of the three specimens are comparable
corrosion density, while both steel bolt and steel with difference by less than 0.1 V. The couple
rivet showed the highest corrosion density.  Fig. 9 potentials of the joint Al/Cu are in between the

presents polarization curves of Al/Cu specimens potentials of Al and Cu.
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Furthermore, the presence of steel tools
appears to have shift the potential to more
negative (more anodic) than the spot-welding
specimen, with the corrosion potential of bolt and
rivet specimens being lower than that of the weld
specimen. The current density of the Al/Cu
specimens joined with steel bolt, steel rivet, spot
welding, are 7.9x10°, 1.7x10* and 7.7x10%
Alcm?, respectively. The corrosion current density
data were used to calculate the corrosion rates,
which is a measure of how fast a material
undergoes corrosion in a controlled environment
(expressed in mm/year). This metric provides
valuable insights into a material’s durability and
its susceptibility to chemical degradation. The
calculation of corrosion rate from corrosion
current is based on Faraday’s equation, as

shown in corrosion rate Equation (1):

0.00327ic0rrEW

corrosion rate,r = "

(1)
where i, is corrosion current density (A/cm?), EW
atomic weight

is an equivalent weight ( ), and
number of electrons

d is density of material.

Table 2 Corrosion rates from Polarization curves

Joining Corrosion rate
methods (mml/year)
By steel bolt 0.57
By steel rivet 0.76
By resistance spot weld 0.45

ISSN (online): 2697-5548
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Table 2 shows the calculated corrosion rates of
all joining specimens. Interestingly, when comparing
the corrosion rates between different joining
methods, it became evident that the spot weld
method exhibited the lowest corrosion rate in
contrast to the method involving the addition of steel
tools assemblies. Bolt and rivet can create gaps
between the fastener and the jointed material,
providing a favorable environment for corrosion the
steel tools contact with other metal like Al and Cu in
a joint, galvanic corrosion can accelerated the
less stable steel and Al

corrosion rates of

components. the concentration of

electrolyte of 3.5 wt% NaCl was very high, the

Furthermore,

concentrated chloride ions could destroy the passive
film of Al. Normally, the corrosion rates of A1050
and C1100 in neutral environment are typically
less than 0.1 mm/year [11].

Therefore, in this experiment, the high
corrosion rates of the three joining specimens are
obviously due to the galvanic corrosion under the
controlled environment of 3.5 wt% NaCl electrolytes.
The concentration of 3.5 wt% NaCl was relatively
high and could accelerate the corrosion process,
which sodium chloride is a corrosive agent that can
be particularly aggressive in promoting corrosion
[12,13]. Interestingly, in corrosive environment like
NaCl, the surface of metal has a sign of corrosion
behavior. Al surface, which Al is known for its ability

to rapidly form a protective oxide layer when
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exposed to oxygen, formed a corrosion product that
is transparent and colorless. While Cu surface tends
to turn darker color as a reddish-brown layer.
Moreover, the steel tools (bolt, nut, and rivet) are
oxidized and chemically changed to produce rust,
resulting in the deterioration of the exposed surface

of the material.

3.5 Electrical properties

The four-point probe measurement provided a
linear V-l graph from which a resistance could be
determined from the V-I slope based on the Ohm’s
law equation (2):

V =1IR )

where V is voltage between the two inner probes
(V), I'is current through the outer probes (A), R is
resistance of material. The resistivity was calculated
using the resistivity equation [14], as shown in

resistivity equation (3):

p = 2mS % 3)

where O = resistivity (2 - m), S = probe spacing
(m). This resistivity equation (Equation 3) is valid for
the 4-point probe measurement, of which the
workpiece’s surface area is much larger than the
probe spacing (S). The average resistivities of the
workpieces with steel bolt joining, steel rivet joining,
and for 0O-week and 4-week

spot welding,

immersion, are shown in Table 3. Before the
immersion test, the resistivities of the three joining

methods are comparable. After 4-week immersion in
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3.5 wt% NaCl solution, the resistivities of all the
specimen increased significantly by at least an order
of magnitude. The blind steel rivet specimens
exhibited the largest increase of resistivity after the
4-week immersion (increasing by two orders of
magnitude). The resistivities of the steel-bolt and
spot-welding specimens increased by an order of
magnitude after 4-week immersion. The spot-
welding specimen exhibited the lowest resistivity
after 4-week immersion. The corrosion reaction may
form oxide scales between the joints and result in
an increase in resistivity on the joints of the metal
sheets, as compared to the common resistivity of
conductor materials [15]. The standard resistivity of
Cu, Al, and steel are 1.68x10% 2.82x10%, and
10x10® ohm/m, respectively [16]. The resistivity of
the three joints were already higher than the
standard resistivity of the metals by an order of
magnitude, even before immersion test. The higher
resistivity will deteriorate the performance of the
conductors with higher power loss at the terminal
tabs. Normally, the common steel conductor has a
higher electrical resistivity than Al and Cu materials.
Therefore, the resistivity of the steel-bolt and steel-
rivet specimens were higher than that of spot weld
Bolted involve  threaded

specimen. joints

connections, which can introduce additional

resistance due to the threading and contact
interface between the screw and the nut. Whereas,

spot welds typically create a more direct and
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continuous electrical path between the joined

materials, minimizing resistance at the joint
interface.

Table 3 shows Tukey test label letter has
confirmed the result were increased more than 10
times with an increased immersion time, from
week0 to week4 immersion. In addition, corrosion
causes an increase in resistance on metal sheets,
moreover, the higher resistance will deteriorate the
performance of the conductors. Steel bolt and steel
rivet show insignificant difference in their resistivity
values for the 0" week. However, after the 4" week
immersion, the steel rivet showed the highest
resistivity due to the deformation of the tight
connection. The deformation may create gaps or
surface irregularites which introduce additional
resistance to the flow of electric current compared
to steel bolt. The spot-welding joining exhibited the
lowest resistivity as compared to the mechanical
bolt and rivet, weld contact is directly bonded the Al
and Cu tabs, as opposed to the touching contacts
of the mechanical bolt and rivet, which may result in

micro gap between Al and Cu tabs.

4. Conclusion

This research reports mechanical, corrosion,
and electrical comparisons of three joining
Al A1050 C1100

blind

and Cu
bolt,

methods for

plates: mechanical steel steel

rivet workpieces, and resistance spot welding.
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Table 3 The Average Resistivity of workpieces in

(a) 0-week, and (b) 4™ week immersion test

Joining Average Resistivity
Methods -m
0" week- 4" week-
immersion immersion
Steel bolt 427 x 107° 4.11 x 10%®
Blind steel rivet  3.66 x 107 ¢ 2.83 x 102
Resistance
1.57 x 107¢ 1.32 x 10%®
spot weld

The immersion of in a 3.5 wt% NaCl solution, a
highly concentrated environment, allowed for the
assessment of corrosion over a 4-week duration.

In terms of tensile load, the mechanical bolt
joining exhibited the highest strength, while the
spot welding showed the lowest strength. The
failure analysis showed that, after the tensile test,
both heads of steel bolt and blind rivet were
struck on the metal sheets with a little bend on
the Cu sheets, which helped impede further
fracturing. On the other hand, for the resistance
spot welding, the fracture occurred along the
weld nugget, which was the molten Al on the Cu
sheet. Therefore, the fracture mechanism of the
spot-welding join was more brittle and weaker
than the mechanical joining.

The corrosion from week 0 to week 4 on the
workpiece surfaces demonstrated a direct and

significant impact on their mechanical strength
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with substantial decreases in the maximum load
for all joining methods—steel bolt, blind rivet, and
spot weld—approximately 42.62%, 60.06%, and
63.37%, respectively. Spot welds exhibit higher
susceptibility to  corrosion compared to
mechanical joining (bolts and blind rivets) due to
the lack of protective coatings in their heat-
affected zones (HAZ). These may explain
significant drop in the joining strength of the spot
welding as compared to the mechanical bolt and
blind rivet joining.

The corrosion rates (from Faraday’s equation
and Tafel analysis) of the three joining methods
under 3.5 wt% NaCl environment were relatively
high with the corrosion rate of 0.4 — 0.8 mm/year.
The high corrosion rates of the three joining
specimens are obviously due to the galvanic
corrosion under the controlled environment of 3.5
wt% NaCl electrolytes. The concentration of 3.5
wt% NaCl was relatively high and could
accelerate the corrosion process, which sodium
chloride is a corrosive agent that can be
particularly aggressive in breaking the passive
oxide films and promoting corrosion.

For the electrical resistivity data, the
resistivities of the three joining methods are
comparable. After 4-week immersion in 3.5 wt%
NaCl solution, the resistivities of all the specimen
increased significantly by at least an order of
blind steel

magnitude. The rivet specimens

ISSN (online): 2697-5548
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exhibited the largest increase of resistivity after
the 4-week immersion (increasing by two orders
of The

exhibited

magnitude).

the

spot-welding specimen

lowest resistivity after 4-week
immersion. The corrosion reaction may form
oxide scales between the joints and result in
an increase in resistivity on the joints of the metal
sheets.

In summary, from a mechanical strength and
durability standpoint, the mechanical bolt joining
is the best option exhibiting the highest bonding
strength even after 4-week immersion in the 3.5
wt% NaCl solution. However, from an electrical
power loss standpoint, the spot welding provides
the lowest electrical resistivity even after 4-week
immersion. So, for the application with low
loading demand, the resistance spot welding may
be an optimal choice to minimize power loss due
to electrical resistance. However, for high loading

applications, mechanical joining is recommended.
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Abstract: The bicycle trainer is connected to the grid by using a bicycle as a mechanical source to drive
a DC brushless generator. Then convert the AC voltage to DC voltage to be an energy source for the
single-phase inverter connected to the grid. The output voltage from the inverter connected to the grid
has a value of 12 volts AC and uses a step-up transformer to raise the voltage to 220 volts AC. The
inverter connected to the grid using a single-band hysteresis current control technique. Perform a
rectifying mode, step-up voltage or boost converter mode, and inverter connected to the grid mode.
Testing result the bicycle trainer connected to the grid measured the real power of 109 watts with a
power factor of 0.92 in boost converter mode under load conditions and the inverter connected to the
grid was able to supply real power of 107 watts and with a power factor of 0.98. The efficiency of the

single-phase inverter connected to the grid equals 63.7%.

Keywords: Bicycle trainer; Single-band hysteresis current control; DC brushless generator;

Inverter connected to the grid; Boost Converter
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Abstract: Graphite was an attractive material for high-temperature applications, however, there was
limited in its relatively low hardness. In this study, a reinforced graphite composite with Si;N, was
developed through infiltrating a silicon slurry onto the graphite surface. The slurry infiltration process was
carried out for different durations: 5, 10, and 15 minutes, then sintered at a high temperature of
1,450 °C in a nitrogen atmosphere. The research revealed the presence of O-Si;N, and B-Si;N,
particles in the microstructure of the graphite composite, with higher quantities observed after 15-minute
infiltration. The Si;N, reinforcement influenced the porosity of the graphite, resulting in a reduction in
porosity and an increase in hardness by 53.98%, 140.18%, and 217.49% after infiltration durations of 5,
10, and 15 minutes, respectively. Notably, the maximum enhancement in hardness (217.49%) was
achieved with Si;N, reinforcement and a 15-minute infiltration, attributed to the effective dispersion of
SizN, within the graphite porosity. This led to a remarkable increase in hardness, reaching a peak value
of 15.07 GPa. The improvement in mechanical properties and the reinforcement with Si;N, have
significantly enhanced the hardness of the graphite composite, making it crucial for developing high-

performance materials with abrasion resistance and increased mechanical strength.

Keywords: Graphite; SizN, reinforcement; Infiltration; Hardness; Composite material
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Abstract: In this study, a comprehensive framework that combines Kansei engineering and the Kano
model is proposed to aid in the design of healthy office chairs. Kansei engineering focuses on
understanding and translating customers' emotional needs, while the Kano model explores the
correlation between Kansei words and product design attributes. Kansei engineering consists of several
stages, namely the choice of domain, the span of the semantic space, the span of product properties,
and synthesis. The healthy office chair was determined in the domain. Kansei words were selected
according to the perception of a healthy office chair. The product samples were chosen from the
different manufacturers. The questionnaire was answered by the banker that were analyzed using
Quantitative Theory 1. The finding shows that the eight Kansei words were affected by customer needs.
It includes balance, comfort, ergonomics, features, good quality, relaxation, simplicity, and strength. The
product design attributes are 7 attributes, and the sub-attributes are 20 design elements. The partial
correlation coefficient is used for mapping the relationship between kansei word and product design
attributes. The design attributes were 3 attributes includes adjustable, loading support, and material. The
results of this study showed that the new design of healthy office chair attributed with the perception of

customer.

Keywords: Healthy office chair; Kansei engineering; Kano model; Product design
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Abstract: In this article, a dual-fuel radiant burmer was developed and tested for home and restaurant
cooking. It uses liquefied petroleum gas (LPG) and bioethanol with the aim of reducing reliance on fossil
fuels, a primary source of greenhouse gas emissions. Bioethanol, as a renewable fuel, shows great promise
in replacing LPG. It results in net zero carbon emissions because it can be domestically produced from
agricultural waste and products. The burner head comprises lightweight, highly porous ceramic foam made of
silicon carbide and incorporates a single conventional gas injector for supplying both fuels. The results
showed that the burner provided relatively high stable combustion of both LPG and bioethanol with low
calorific value. This is due to the advantage of internal heat circulation of combustion within a porous medium
burner. The combustion temperature increases with the firing rate. Increasing primary air has a positive effect
on LPG combustion, leading to reduced carbon monoxide (CO) emissions. However, it has the opposite
effect on bioethanol combustion, resulting in increased CO emissions with higher primary air entrainments.
Firing LPG yields higher combustion efficiency compared to bioethanol. Nevertheless, at a firing rate of
5.50 kW of bioethanol, the maximum temperature reached is similar to that of LPG at the same firing rate,

representing the optimal condition for this developed burner using bioethanol as fuel.

Keywords: Radiant burner; ethanol burner; dual fuel burner; LPG; bioethanol
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Abstract: The research aims to create a prototype infectious waste bin for public toilets in commercial
buildings to automatically disinfect contaminated toilet paper to prevent the spread of diseases. This study
explores commercial buildings to analyze toilet waste management and to design a bin prototype with
3 sections. (1) The first level is a touchless lid for receiving toilet paper waste. (2) The second level is to
be sprayed thoroughly over its entire surface with disinfectant (0.1% or 1000 ppm sodium hypochlorite) via
2 positions of fog nozzles made of brass with a flow rate of 7 liters per hour spread disinfectant evenly
cover all of the waste within 45 seconds and retrained for 15 minutes to eliminate germs. (3) The waste
then passes to the third or bottom level, which operates as a drawer that staff opens to retrieve the waste.
The study gathers feedback from facility managers to evaluate the innovative product and establish its
credibility. The first factor to be considered is its effectiveness in disinfection. User feedback on
functionality, aesthetics, usefulness, and purchase decision is positive. The results of the prototype bin

disinfection test showed that it could completely eliminate E. coli. and 99.995% to eliminate B. subtilis.

Keywords: Bin; Infectious Waste; Disinfection; Coronavirus Disease 2019 (COVID-19); Commercial Building
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Abstract: Globalization is the process of increased interconnectedness among countries, resulting in the
growth of international trade, investment, and cultural exchange. Transport and Logistics are important
for economic growth and development, allowing industries to enter potential customers, reduce costs,
and enhance efficiency. The cross-border trade requires good transportation and logistics systems to
move products and services across borders through road, rail, air, and water transport. As the railway is
an environmentally friendly and sustainable mode of transport, but cannot provide transportation service
alone without other modes of transport, this study focuses on risk management in road-rail freight
transport. The objectives of the study are to identify risks with respect to road-rail freight transport at the
cross border between Thailand and Laos PDR and to provide a guideline for risk management for the
case study. The risks were prioritized based on the Failure Mode Effects and Criticality Analysis
(FMECA) concept. Findings from this research present that the technology risk, the equipment and
operations risk, and the organization and personal risk are among the top priorities in need of risk

management. Lastly, this research suggests proper risk mitigation guidelines to manage those risks.

Keywords: Risk Management; Risk Assessment; Road-Rail Transport; Failure Mode and Effects Analysis

(FMEA); Failure Mode Effects and Criticality Analysis (FMECA)
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1. Introduction

No one can discard the fact that rail
transportation for freight service is the cheapest
mode, especially for international freight transport
and it is another option to diversify transportation
risks. Comparing the transportation costs between
the four routes from China to Thailand, it was found
that the estimated transportation costs via train is
much cheaper than the truck-only transport [1].
Therefore, many countries have issued their
national policy to support the shift to rail in order to
reduce the transport cost. In addition, rail transport
is the most eco-friendly mode among the land
transports and good for sustainability.

However, despite the benefit of the rail transport,
the operations of international rail freight transport
are challenging. Challenging for international rail
includes the infrastructure, the missing link, the
international  cooperation, and the technical
problems. Cross-border trains are complicated due
to different gauges and interoperability of signaling
and electrification systems between neighboring
countries. The challenges for rail freight include
economy, intermodal, modal shift, consolidation, the
last mile, liberalization, access charge, and capacity
[2]. According to the fact that rail freight transport
cannot run alone, the other mode of transportation
like road is needed to complete the service from the
suppliers to the customers. Hence, it is interesting

to explore the challenges and the associated risks

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.08.007

with respect to the road-rail freight transport. As the
Bilateral Agreement between Thailand and Lao
PDR on ‘Joint Traffic Working Over Railway' had
been signed several years ago and the Thailand-
Laos cross border in Nong Khai province is in
operations, this research chose this cross border as

the case study. The research questions are:

RQ1: What are the risks related to road-rail freight

transport?
RQ2: How to manage the risks?

Multimodal transportation refers to logistics
transport and freight processes that require two or
more modes of transport including road, air, marine
and railway ftransport. These days, multimodal
transport is the dominant mode for the global supply
chain and logistics. It requires the coordination of
multiple modes of transport. In this study, the focus
is only on the road-rail transportation which is a kind
of multimodal transportation. The road-rail process
for cargo transport of the case study is illustrated in
Fig. 1.

From Fig.1, the process shows a combination of
Road-Rail transport starting from the containers
were shipped by truck to freight station in Thailand,
then the unloading and loading process was
performed, the containers were shipped by train to
the borders and cross the borders to Lao PDR and
unloaded at the terminal station before being

shipped by truck to the destinations. However, the
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Fig. 1 The road-rail cargo transport process of the case study

container transport may face a number of
uncertainties during the process and may result
in the delay of shipments.

The case study at Nong Khai station was
used as a case for identifying failure modes with
respect to Road-Rail transportation for freight
From observation during preliminary study, during
the process of cargo shipment by truck to freight
station, sometimes problems occur due to
insufficient number of trucks, rise of energy cost,
delay from road accidents, etc. For the loading
cargo process at the station, problems related
to  technology, labor

equipment, staff,

container/packaging, and storage of hazard
materials may be found. For railway transport,
the failures are from the technology for handling
cargoes and the delay in transport. The problems
for unloading process are similar to the loading
process. Lastly, the last-mile connection to the

customers may concern transport risk.

Therefore, the objective of this study is to
identify risks in the road-rail transportation at the
cross border between Thailand and Laos PDR as
a case study and to suggest the guidelines to

manage the risks.

2. Risk management and Risk factors related to
international rail freight

Risk management is a set of activities within
an organization undertaken to carry the most
positive outcome and decrease the volatility of
that outcome. Wei [3] studied the risk and found
that technology, equipment, operations,
environment, and transport risks are the major
concern for multimodal transport. In 2013, safety,
technology, transport, and time are the most
important risks for transportation in Chiang Rai
and Kunming [4]. These risks were confirmed
later in 2020 for the import-export logistics of

agricultural products from Thailand to China [5].
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Another research, Reis et.al. [6] concluded that
operation, environment, and personnel are the key
issues for multimodal transport. Later in 2019,
Liebchen and Schilldorf [7] confirmed that the
operation, personal, organization, and business
strategy are among the important risks for railway
transportation. In 2014, Shi and Zhou [8] has
conducted research with respect to railway freight
transport market. The authors conducted a study to
analyze the factors influencing market share of the
ralway and found the means to increase
competitiveness of the rail freight comparing to
other modes of transport. The results of the study
provided an avenue to increase the railway freight
transport services and the market share.

Therefore, from the review of literature, it can
be concluded that the initial risks associated to
multimodal include

transportation technology,

equipment, operations, environment, transport,
safety, time, personal, organization, and business
strategy.

The concept of risk management can be applied
in the Road-Rail freight transport as it is a way to
assess the specific risks and suggest strategies to
deal with those risks. The risk management process
starts from Risk identification, Risk mapping, Risk
analysis, and Risk treatment. it is challenging for
any freight transportation service to ship their
cargoes to the destination safely, efficiently and on

time due to uncertainty in the shipment process.
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Hence, this study applied the risk management
concept to identify risks, map the risks, analyze the
risk and suggest mitigation strategies.

The failure mode and effects analysis (FMEA) is
a method of analysis that identifies failure modes.
An extension of failure mode and effects analysis
(FMEA) by including a criticality analysis which
quantifies the level of risks associated with failure
modes against the severity is called the failure
mode effects, and criticality analysis (FMECA). The
critical analysis might be based on the failure mode
probability. The result can be summed up to
quantitative data which is able to measure and then
it can be improved. The benefits of FMECA are
increase quality and reliability during the
development, reduce wastes in the operations, and
minimize cost. The risk evaluation of each failure is

determined by three factors namely severity,

(S)

is the failure

occurrence, detection. Severity is failure

consequences. Occurrence (O)
probability. Detection (D) is the failure probability
which can be found before a bad result happens.
The risk priority number, called RPN, will be
determined by occurrence x severity x detection.
Occurrence (O) came from data driven, but severity
(S) and detection (D) was by expert driven. Firstly,
the highest RPNs should be managed and then all
failure modes should continuously improve till result

will be at an acceptable level. Certainly, the aim is

process and product problem prevention before they
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happen. Company, which used FMEA in both the
design and manufacturing process, can decrease
cost and become more robust process due to the
reduced or eliminated crises. On the other hand, if
they focused on wrong failure modes that become
the biggest problem and opportunities missing to
improve the failure modes [11].

In 2021, Filz, etal. applied FMEA with data-
driven tools such as deep learning models using
data from the usage of industrial investment goods.
This method deepens learning models on historical
and operational data [12]. In 2022, FMEA also
applied when designing a bicycle brake cable [13].

In 2022, Sakly, et.al. applied FMECA for the
pharmaceutical process for medicines which
sensitive to temperature at a hospital and the
results were interesting [14]. Two rounds of FMECA
were performed. The first round showed the
prioritized areas for further improvement including
the documentation, human resource development,
For continuous

and procurement. improvement

process, a second FMECA had been done to detect
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other remaining risks and identify new potential

risks.

3. Research Methodology
The steps of research methodology are shown

in Fig. 2.

3.1 Step 1: Risk identification

The first step includes identification of risks
associated to multimodal transportation from
literature review followed by expert opinion to
narrow down the risks to specific to road-rail
transportation. Three experts who have experience
in multimodal transportation were asked to give
inputs. The experts are the persons who have at
least three year experience with relevant to the
Road or Rail freight transport which include a
professor in logistics services, a specialist in
multimodal transport, and a specialist in railway
services. This study used the convenience sampling
method to select participants based on their
accessibility and availability to the researcher during

the study period.

+Identify risks associated to multimodal transportation from literature review
1 *Narrow down the risks to specific to road-rail transportation using expert opinion

\

*Define the risks

*Map the risks with rail and road transport process

\

\

2
*Analze the risks
3 *Prioritize the risks
*Manage the risks
4 *Suggest guidelines for mitigating the risks

Fig. 2 Steps of Research methodology
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3.2 Step 2: Risk mapping

This step includes mapping of the risks with
road and rail transport processes and defining the
risks. The disruption of multimodal transport and the
risks associated with each process are identified

and mapped. Then the risks are defined properly.

3.3 Step 3: Risk analysis

This step starts from analyzing the risks. Then
the risks are prioritized based on failure mode
effects and criticality analysis (FMECA) concept.
For the FMECA, a criticality analysis which
quantifies the level of risks associated with failure
modes against the severity of their consequences is
added to the common FMEA.

The FMECA contains two main activities: 1) to
create the FMEA and 2) to perform the criticality
analysis. At the beginning, the FMEA explores the
likelihood of product failures or not function properly,
shorten product life cycle, and detection of unsafety
process. Then the criticality analysis is based on
failure mode probability, which can be summed up
to quantitative data [10]. The analysis consists of
four levels:

catastrophe, critical, marginal, and

negligible, respectively. The severity and the
probability matrix for risk assessment is shown in
Table 1.

From Table 1, FMECA analyzes risk, which is
measured by the combination of severity and

probability to determine criticality in order to provide

a priority way to reduce the possibility of failure.
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‘Catastrophic’ refers to the extremely severe risk
which could cause death or permanent total
disability. In term of financial amount, it refers to the
loss of more than $1 milion. It also causes
irreversible severe environmental damage and
illegal matters.

‘Critical’ refers to the high risk that cause injuries
or permanent partial disability and 3 or more
persons got admitted to hospital. In term of financial
amount, it refers to loss of more than $200,000 but
less than $1 million. It also causes environmental
damage and illegal matters.

‘Marginal’ refers to the risk that results in minor
injuries which requires at least 1 day leave from
work. In term of financial amount, it refers to the
loss between $10,000 and $200,000. It also causes
some environmental

damage without violation

of law.

Table 1 A risk assessment matrix adapted from
MIL-STD-882E [9]

Severity

- o
Qo © © el
° S £ ]
k7] = 2 =
8 (&) ] g
8 =
Probability
1 2 4
Frequent A High High Serious Medium
Probable B High High Serious Medium
Occasional C High Serious Medium  Low
Remote D Serious Medium Medium Low
Improbable E Medium Medium Medium Low

Eliminated F Eliminated
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‘Negligible’ refers to the minor risk that results in
minor injuries which do not require any leave from
work. In term of financial amount, it refers to the
loss between $2,000 and $10,000. It may also
causes a little environmental damage [15].

The questionnaires were distributed to two main
groups of stakeholders: one is the customers, and
the other is the transport providers. The customers
to be

are the persons who have products

transported using Road-Rail transport and the
providers include the staff of the State Railway of
Thailand and the logistic service providers. In total,
six respondents answered the survey with three
participants from each group.

The survey consists of two parts. The first part
is the information on personal characteristics of the
respondents and the second part includes their
opinions on the Occurrence (O), Severity (S), and
Detection (D) of each risk. Occurrence (O) refers to
the probability of failure or problem occurrence;
Severity (S) refers to the degree of impact and
consequences of failures; and Detection (D) is the
probability of the failure being detected before the
impact of the failure to the system. The Likert scale
of 1-5 which 1 refer to the lowest score and 5 is the
highest score is used in this study. Then the risk
priority number based on the FMEA is calculated by
multiplying O by S by D. Then the criticality analysis

was applied further by asking experts’ opinions.
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3.4 Step 4: Risk management
This step includes suggestions on how to
manage the risks and a guideline for mitigating the

risks for improving road-rail transportation.

4. Findings
After completing the research Steps 1-4, the

results are as follows.

4.1 The risk factors

The risk factors for Road-Rail transportation
identified from literature review were considered and
selected by experts for the cross border risks. In
total, six risk factors including Transport risk,
Technology risk, Equipment and operations risk,
Organization and personal risk, Packaging hazard
risk, and Storage hazard risk were identified. Then
the risks were mapped with the process flow of the
Road-Rail transportation starting from transport by
truck, loading at freight station, transport by railway,
unloading at terminal station, and lastly transport by
truck to the customers. The result of the failure
mode and process mapping is shown in Table 2.
Then the relevant risks were defined as shown in

Table 3.

4.2 The application of FMECA

The application of FMECA helps to prioritize the
risks based on failure mode effects and criticality
analysis (FMECA) concept. The initial finding
shows FMEA result in Tables 4 and 5. Customers
think the FM2: Technology

risk is the most
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important risk followed by FM1: Transport risk and
FM®6: Storage hazard risk.

Providers have the same idea that FM2:
Technology risk is the most important risk, but they
think FM5 Packaging hazard risk and FM3
Equipment and operations risk are also important.

Referring to Table 1, FM3 Equipment and
operations risk got the ‘2’ in term of severity and
‘C* in term of probability. FM4 Organization and
personal risk got the 2’ in term of severity and ‘C’
in term of probability. Therefore, FM3 and FM4
were considered as ‘serious’ risks. The other like
FM1 Transport risk got the ‘3’ in term of severity
and ‘C’ in term of probability, hence it is classified
as ‘medium’ risk. For other factors, the results are

also ‘medium’ that shown in Table 6.

4.3 The findings from this research

The findings from this research show that from
both the customer's and provider's views, the FM2:
Technology risk is the top priority in need for risk
management. Road-Rail transportation involves the
cargo handling equipment and the technology helps
to make efficient handling and shipment. In addition,
traceability is important and a good cargo tracking
system is in need. The Artificial Intelligence and
cloud-based freight management systems will also

help smooth operations for Road-Rail transportation.

ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.08.007

Transportrisk |

Technology risk |

Equipment and operations risk |

Organization and persaonal risk |

transportation

Packaging hazard risk |

i I I N N N

Risk factors for cross border bimodal

Storage hazard risk |

Fig. 3 Risk factors for cross border transportation

Lastly, due to the issue of international
connectivity at the cross borders, the challenge is
in the technical specifications for managing the
difference in the gauging system.

For customers, they are aware of their
cargoes whether or not they will be delivered as
planned without any disruption or delay. The
FM1: Transport risk is the second concern for
them. Also, the quality of the merchandise inside
the containers is important. Some goods like

fresh  agricultural  products, seafood and

pharmaceuticals need special temperature-
controlled containers in order to keep the quality
of the products. Hence, the FM6: Storage hazard
risk with relevant to the cold storage is also

significant for them.
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Table 2 Failure mode (FM) identified in this study

No.

Process

Failure mode

1

Cargoes are transited to freight station by truck

Transport risk

2

Cargoes are loaded in the freight station

Technology risk

Equipment and operations risk
Organization and personal risk
Packaging hazard risk

Storage hazard risk

Cargoes are transported by railway

Technology risk

Transport risk

Cargoes are unloaded in terminal station

Technology risk

Equipment and operations risk
Organization and personal risk
Packaging hazard risk

Storage hazard risk

Cargoes are transported to destination

Transport risk

Table 3 Definition of risk factors

Failure mode Risk factor

Definition

FM1

Transport risk

Risk related to transportation capacity, cost, and delivery

of the cargoes as well as the transport mode change.

FM2 Technology risk Risk related to technology failure to disrupt a business
due to cyber-attack, service outages, old equipment, and
others.

FM3 Equipment and operations Risk related to availability and efficiency of equipment

risk and operations.

FM4 Organization and personal Risk related to organization culture and staff

risk performance.

FM5 Packaging hazard risk Risk related to the packaging of goods.

FM6 Storage hazard risk Risk related to the storage of goods, especially the one
requiring special storage facilities and management
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From Table 4, for the customers of fright
transport service, the average RPNs are calculated
for each failure mode. For customers, they are
aware of their cargoes whether or not they will be
delivered as planned without any disruption or
delay. The FM2: Technology risk is their priority.
The FM1: Transport risk is the second concern for
them. Also, the quality of the merchandise inside
the containers is important. Some goods like fresh
agricultural products, seafood and pharmaceuticals
need special temperature- controlled containers in
order to keep the quality of the products. Hence,
the FM6: Storage hazard risk with relevant to the

cold storage is also significant for them.

From Table 5, for freight transport providers,

the average RPNs for each failure mode is

calculated. For freight providers, the FM2:

Technology risk is shown to be the priority. The
FM5: Packaging hazard risk is the second
concern. In order to win the customers’ mind, their
service must be professional, and the quality of the
shipment must be in the high priority. They have
to be aware of the fragile goods and handle the
goods with special care during the shipment.

Hence, the packaging is of their concern. In

addition, the modern equipment and the efficient
operation process are essential for the service at
the cross border. It confirms the importance of

FM3: Equipment and operations risk.
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Table 4 Risk priority numbers from Customer’s

perspective.

Failure Customer’s perspective

mode Avg.S Avg.D  Avg.0 RPN
FM1 3.00 3.67 3.00 33.03
FM2 2.67 4.33 3.00 34.68
FM3 2.67 3.67 3.00 29.40
FM4 3.00 3.33 3.00 29.97
FM5 3.00 3.67 2.67 29.40
FM6 3.67 3.33 2.67 32.63

Table 5 Risk priority numbers from Provider's

perspective

Failure Provider’s perspective

mode Avg.S Avg.D  Avg.0O RPN
FM1 3.00 3.67 2.00 22.02
FM2 2.67 4.67 3.33 41.52
FM3 2.67 3.33 3.67 32.63
FM4 3.00 3.00 3.00 27.00
FM5 3.00 4.33 2.67 34.68
FM6 3.67 3.67 2.33 31.38
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After the FMEA, the Criticality Analysis was
performed and the result is shown in Table 6. The
table illustrates that for the risks related to the cross
border freight transportation, FM3: Equipment and
operations risk and FM4: Organization and personal
risk are in the ‘serious’ zone while the others are in

the ‘medium’ zone.

5. Risk management

Guidelines for risk management is based on the
concept of Treat, Transfer, Take and Terminate (4T)
and made by experts. The concept of 4T is the key
components for effective risk management.

Treat: To manage the impact and possibility of
the risk or reduce the risk by several measures
including adding precautions, initiating contingency
plans, diversifying resources, or training staff.

Transfer: To transfer risk by moving the risk to
another person through insurance policies,
contracts, or outsourcing agreements.

Take: To take risk by accepting the possible
impact which is relatively minimal, but stil
monitoring the risk.

Terminate: To eliminate risk by the removal of
the activity, task, or process which may cause risk.

Organizations or Industries wish for risk
management should follow the 4T concept of risk
management including tolerate, terminate, treat, and
transfer. However, these risk management tactics

are not mutually exclusive. It is a guideline and the
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Table 6 Criticality analysis

Failure Criticality
Risk factor
mode analysis
FM1 Transport risk medium
FM2 Technology risk medium
Equipment and
FM3 serious
operations risk
Organization and
FM4 serious
personal risk
FM5 Packaging hazard risk medium
FM6 Storage hazard risk medium

actual implementation requires a combination of
strategies depending the risk. To manage the risk
effectively, involved stakeholders should be aware
of the risks, evaluate the risks and choose the

suitable mitigation alternatives to manage the risk.

5.1 Technology risk

The failure effect from technology risk is the
mal-function and inefficiency. The suggested risk
mitigation strategies are as follows.

a. Treat: Treating or controlling risk can be
done by reducing the likelihood of the risk
occurring or minimizing its impact. The update
and implementation of new technology is
necessary as well as the proper and continue
maintenance of the system. The availability of the

equipment and technology should be monitored.
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Once the failure occurs, the malfunction or errors
must be treated immediately.

b. Transfer: Allocating or transferring risk can
be performed by purchasing insurance policies,
or hiring third parties to do the tasks and take the
risk instead of the organization. The risk can be
transferred to the consulting companies who own
the technology and offer maintenance service.

c. Take: Admitting or taking risk means do
nothing to mitigate the risk. If it happens, let it be.
Advanced technology is costly and needs a big
capital investment. Sometimes, the operators
need to accept the failure and do corrections
afterwards.

d. Terminate: Stopping or terminating risk
can be another measure to ensure the
discontinuing of the processes and activities that
create risks. In case the technology risk has a
severe impact on the organization, it may be the
time to terminate such technology and implement

the new one.

5.2 Equipment and operations risk

The equipment and operations risk may affect
the quality of the products in the containers. The
risk mitigation is suggested as follows.

a. Treat: The availability and quality of the
equipment should be checked regularly. The
equipment should be standardized in order to

avoid mistakes. The operations process should
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DOI: 10.14416/j.ind.tech.2024.08.007

also be reviewed and improved. Once a failure
occurs, immediate corrective action is needed.

b. Transfer: The risk can be transferred to the
suppliers of the equipment, and they must
guarantee the quality and offer corrective action.

c. Take: Sometime the operator needs to take
risk of the failure and solve the problems.

d. Terminate: Some equipment is too old and
should be terminated and replaced with new ones

in order to provide good and continue operations.

5.3 Organization and personal risk

The organization and personal risk may affect
the efficiency of the entire process. The risk
mitigation is suggested as follows.

a. Treat: As Road-Rail transportation involves
different organizations and people with different
backgrounds, the risk of failure in terms of
organization and human resources should be
treated with care and confidentiality. This action
may include fair treatment for all employees and
the appropriate income and fringe benefits.

b. Transfer: The risk can be transferred to the
experts by outsourcing. Also, the system for
inspection and the quality-concern organization
culture may help to re-duce human error.

c. Take: The risk from human error may
happen. The service providers may take risks
and prepare for action as soon as possible. Put

the right man in the right job may help.
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d. Terminate: In case the above effort to
mitigate the risk is not possible, the termination of
the staff who is responsible on the malfunction

may be a good option.

6. Conclusion

For Road-Rail transportation, using road
transport for short distance and rail service for long
distance is often more efficient than other modes of
transport. Trucks are essential for the last mile of
local pickups and deliveries. Rail terminals with
technical equipment of the transshipment systems
to transfer loading units between two modes of
transport is needed. This research has explored
the challenges of Road-Rail transportation and
suggests avenues for development.

Findings from this research give answers to the
research questions. The answer for RQ1: What are
the risks related to Road-Rail freight transport? is
the six risks including Transport risk, Technology
risk, Equipment and operations risk, Organization
and personal risk, Packaging hazard risk and
Storage hazard risk. Then the priority has been
analyzed using the FMECA method.

The answer for RQ2: How to manage the risks?
is focused on the priority risks which are
Technology risk, Equipment and operations risk,
and Organizaton and personal risk. The 4T
measures are suggested for mitigating the risks.
Overall, efficient and

transportation logistics

operations using proper technology and equipment
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which provides quality, safety and reliability service
concern for

be

are the major decision making.

Standardization should implemented.

Organizational culture and human resource
development must be in place. Lastly, the risks
causing the delay in transportation and the damage
of the cargoes and products must be managed
properly.

The contribution of this study is the application
of FMECA in assessing the risks of Road-Rail
Transportation for Freight service. The risks, which
are identified ‘severe’, will be of concemn as priority
to find recommendations to mitigate the risks. The
FMECA has some advantages as it begins with
FMEA and follows by the critically analysis. FMEA
considers only qualitative information while FMECA
considers both qualitatve and quantitative
information. In addition, FMECA measures criticality
level for the failure modes and classify them based
on the importance. The criticality level is the
combination of severity and probability and contains
Catastrophic’, ‘Critical’, ‘Marginal’, and ‘Negligible’
levels.

The this

result from research provides a

guideline for Road-Rail Transport improvement
using the FMECA approach to identify the risk
priority and risk management approach to mitigate
the risks. Among all risks, the Technology risk,
Equipment and operations risk, and Organization

and personal risk are priorities.
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The technology risk involves the information flow
of the freights from the suppliers along the way to
the customers and the technology used for cargo
handlings to load and unload at stations. It is
suggested that the implementation of new
technology should be in the plan in order to treat
the risk. For Equipment and operations risk which
may cause delay in transportation or affect the
quality of the products in the containers, it is
suggested that the risk should be transferred to the
suppliers or the insurance companies. For the
Organization and personal risk, it may affect the
entire Road-Rail transportation process as it
involves several stakeholders and the staff is an
important factor for operations. In this case, the take
strategy is suggested as miscommunications and
human errors may be difficult to prevent and may
probably does not cause major disruptions.

This research is limited to the study of the
customers and providers at the cross border in
Nong Khai province only. Exploration of the same
methodology at stakeholders at other cross borders
result Other

may in different perspectives.

international cross border comparisons are

recommended for future research as the national
context will be considered. Finally, other risk
management tools and strategies can also be
results and

implemented to provide different

improvement plan.
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Abstract: The aim of this research is to compare fuel consumption from standard fuel injection systems
with high-pressure fuel injection systems in agricultural single-cylinder diesel engines. In the experiment,
modifications were made to the fuel injection system by using a high-pressure pump and a high-
pressure rail (common rail). The fuel injection of the injector is electronically controlled. The high-
pressure pump is driven by a test engine, Experiments were conducted to compare fuel consumption
between standard fuel injection systems and high-pressure fuel injection systems. In addition, the fuel
injection pressures were varied from 300 bar, 400 bar, and 500 bar at engine speeds of 1,200 rpm,
1,600 rpm, and 1,800 rpm. The results showed that fuel injection pressure affects the fuel consumption
rate and emissions of the engine. High-pressure fuel injection will have lower fuel consumption than
standard fuel injection cases when the engine is loaded. In terms of emission results, it was found that if
the engine is loaded, the high-pressure fuel injection system would be less polluting than the standard

fuel injection system, which will increase if the load on the engine is increased.

Keywords: Common rail; Fuel spray; High pressure fuel injection system
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Abstract: This research designed and developed a single-roller burnishing tool for the automatic finishing
surface of 7075 aluminum alloy (Al 7075). The conventional finishing process for such materials requires
complex processes such as turning, grinding, and polishing. In addition, the turning process cannot achieve a
surface finish with a low roughness. Therefore, the purpose of this research aims to design and fabricate a
single-roller burnishing tool that can be installed on a CNC lathe. In addition, the research will study the
fundamental mechanisms of surface finishing improvement using a single-roller burnishing tool on Al 7075
and study the parameters that affect the surface quality of AI7075 by combining two automatic processes.
This process includes turning and roller Burnishing, which will reduce the complex steps in surface finishing.
In the experiment, the following parameters were used in the roller burnishing process: three levels of
constant spring force 150, 300, and 450 Newtons, feed rate 0.05, 0.1, and 0.15 mm/rev, and rotational speed
600 and 1,200 rpm. The results of the experiment showed that the feed rate was the main factor that affected
the surface roughness of the workpiece with a statistical significance of 95%. The best feed rate was
0.05 mm/rev, which resulted in a surface roughness of 0.078 ymRa. The surface roughness after the turning
process was 0.371 ymRa, which means that the surface roughness was reduced about 4-5 times. In addition,
the hardness of Al 7075 after roller burnishing increased by 34%. This shows that the process not only
improves the surface roughness quality but also increases the residual stress on the surface of the

workpiece.

Keywords: Roller burnishing; surface hardness; surface roughness; Finishing process of Al 7075
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Machining parameter Low Center High

Feed rate (mm/rev) (A) 0.1(-1) 0.175(0) 0.25(1)

Spindle speed (RPM) (B) 500 (-1) 850 (0) 1200 (1)

Depth of cut (mm) (C)  0.05 (-1)  0.075 (0) 0.1 (1)
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a a & =
M13199 4 ANTNNITILATIZHRAMULUITUIIUYDINITINARDINIINGRS

Model 0.11194 9 0.01243 1.08 < 0.0001
A-Feed rate 0.01034 1 0.01034 0.90 0.387
B-Spindle speed 0.00956 1 0.00956 0.83 0.404
C-Depth of cut 0.00210 1 0.00210 0.18 0.687
AB 0.00023 1 0.00023 0.02 0.892
AC 0.00446 1 0.00 446 0.39 0.561
1.96
BC 0.02260 1 0.02260 0.221
Residual 0.05774 5 0.01154
Lack of Fit 0.05189 3 0.01729 5.91 0.148
Pure Error 0.00584 2 0.00292
Cor Total 0.16968 14
S 1.07466 R-sq 65.97% R-sq (adj) 4.71%
Spindle Feed Depth of Cut
Optimal 1
High 1200 0.25 0.10
D: 1.000
Cur [1200] [0.10] [0.0626]
Predict
low 600 0.10 0.050

Ra Average Minimum y = 0.3133 d = 1.0000
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A13191 5 MM NERaNNLlIUIUTaIMINaaeInInaIadaLn

Model 0.02053 17 0.00120 4.54 < 0.05 significant
A-Feed rate 0.01276 2 0.00638 23.99 <0.05 sig
B-Spindle speed 0.00374 1 0.00374 1.41 0.251
C-Burnishing
0.00065 2 0.00032 1.22 0.317
Forces
AB 0.00021 2 0.00010 0.40 0.637
AC 0.00455 4 0.00113 4.28 0.013 sig
BC 0.00051 2 0.00025 0.97 0.397
ABC 0.00146 4 0.00036 1.37 0.282
Residual 0.00478 18 0.00026
Cor Total 0.02532 35
S 1.0163074 R-sq 81.10% R-sq (adj) 63.25% R-sq (pred) 24.39%
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Abstract: The freeze-drying process is a method to reduce moisture in products through a
thermodynamics stage that involves freezing the water or solution in food, followed by sublimation. This
process results in high-quality products as it effectively minimizes degradation and microbiological
reactions compared to other drying technologies. The study focuses on the freeze-drying process of
probiotics from yogurt in a continuous operation using an in-house, household-scale, freeze-dryer
designed for vacuum freeze-drying. The refrigerant used is R-410A, with a cooling capacity of 3 kW,
achieving a condenser temperature of -40°C and a product temperature of -20°C. In the experiment,
3000 g of liquid probiotic from yogurt was spread across six trays measuring 250 mm x 400 mm x
20 mm and dried in the freeze dryer. The study measured temperature, pressure, analyzed the
refrigeration cycle, determined the coefficient of performance for cooling, freezing and drying times,
drying rates, and electrical energy consumption. It also examined the microbiological content to assess
the effect of freeze-drying on probiotic quality before and after drying. It found that the probiotic

microorganisms remained sufficiently abundant post-drying for consumption with health benefits.

Keywords: Probiotics from yoghurt; Freeze drying; In-house freeze-drying
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uanlaungans Uan13aa (Lactobacillus bulgaricus)
wazaatUlananas wasluNaw (Streptococcus

thermophilus)
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maesoalnsluladnnaadelflunismanes
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Jawmsoulan Welltech, Biotechnology Company
Limited (31#1 1)

2.2 103090 URRIMULLZUES (Freeze Dryer)
\3asauusuULuT I snanuuL s I
laptinidy [13-14] lasaydaiutlsznaueniguad
Sasuusliasiiae Wasouuws (Drying Chamber
(1) a:ﬁgﬂmam{mi:uaﬂ moludsznaudan o
Auan (Heating Shell (2)) $1%47% 3 THLA 819
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190MINAREY Fuaz 2 010 Sduswan 6 na
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Component Details/specifications

wuuhenadn  §1Ihanudn R404A

ADULNTRLTDS 35 kW of cooling capacity on
—40°C evaporator unit and 40°C
condenser unit, three phase (open
reciprocating)

ABMLAULTDS 482 kW of heat rejection (water
cooling)

MAITLMBRNSAN 35 KW (Sporlan, Model CG-032)

ANNLEH thermostatic, thermostatic charges
available —18°C to —40°C

159N Cooling capacity 3.75 kW, @ 15
mm of tubing (50 x 50 mm aligned
parallel), 10-mm fin spacing, 10 m?

waaurnauds  1/3 hp, single phase, 1450 rpm

MNADUWAY 250 x 400 x 20 mm?® (SS-304)

Receiver tank

3.5 kW, & 10 mm of tubing

Tugagme

20 x 102 mbar (15 x 1072
mmHg) of ultimate pressure (total),
3.3 m%h of peak pumping speed
(EDWARDS Model RV3 rotary

vane pumps)
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= A o A g
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(Freeze Dryer) 1N IFINTIUIRILHNINHY
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2.395n1Aaa9 (Experimental Method)
231 ssulnslula@nmadaniummenss
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Welltech, Biotechnology Company Limited 4 1% 7%
3,000 g NAILUD1ATIHI% 6 D19 L1 9N% (ANARE
500 g) WAZINILUDTHANNTD% THAS 2 DA S1HI%
mufuﬁagluﬁaaauuﬁumuwﬁwﬁa wiandaeg
\FuimaTingmunnil (Thermo Couple Type T) fima
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Dawaaunywiouaimealurasauuns amada
qmvxqﬁmaamswmawﬁﬂm%"am“@qmmqﬁ
WUULBWANAN (Data Logger) Yokogawa MV2000
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—20°c £ 1°C
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Wi i na oo™ 98 MIINITa Y U
(Drying Rate) 0.3 °C /min I@l&lﬁfuwaumiamlﬂd
wuuuTudonyadn 2 Tunaudondo Tuaon

auURITUABY (Primary drying) Jaanpiigariig

(2
A

YosTumouiiAe 0°C LLazmzu@auamLﬁwguq@ﬁ'm
(Secondary Drying) Feazdfinnisouursdely
auﬁaaﬂm%q’ﬁq@ﬁwﬁ' 40°Cc + 1°c fale
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2.4 n13dsziiwmanisnaaad (Evaluation of

Experiments)

241 §uUszEnianssnusy (Coefficient of
Performance: COP ) maam%‘aaauuﬁa WULLTWD

@7IIRAU COP 1893zUUNAMULE WD
wn3asaunwsnuuutuds lagnisiasnnnueuas
punndvasszuurienaiu uazlieneilasms
lFununInLgadIaduanuaziaunial (P-H
Diagram Chart) 2893790384 loluszunviiainy
WuveIzIinanuLin R-404A COP. &WTUNT
auLdn uaz cop, dmIunTvinauTan
gansamenlamuaunIi (1) waz (2) muge
[15-16]

COP, Qe (1)
W

COP, = Q )
w

v
a

4 . \ A o A =
lasd Q. usz Q, fia mnwiaungnasaanuacgnii
MNITUUMANUTUANEIAY FINITOA Ldanaunsh

(3) uazEUMIN (4) it
Qc =mg (hl - h4)
QH =My (hz _hs)

lag My fa aanmslnavassnsinnuidn §m

@)
(4)

dvh. h, h; uaz h, wildandayanisiadn
UNNAUAZAINAUTBIENTHIANLEY T
G 7 1, 2, 3 uaz 4 aruiuaasluinwnIw
Spansvnenuiudslugud 3 n. swdsunifises
Wlawdindvasansrianuidn R-410A NNaNLa

1908 W (ASHRAE fundamentals, 2021)
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(P-h Diagram) LLN@]ﬂﬁIuEﬂ‘ﬁl 3
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Welltech, Biotechnology Company Limited 7 8 %
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evaporator

U
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3. HANTINAADY (Results)
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Drying) ugaslua13197 3

The Journal of Industrial Technology (2024) volume 20, issue 2

147

http://ojs.kmutnb.ac.th/index.php/joindtech



MseTIvmanalulaganavnssy (The Journal of Industrial Technology)
ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2024.08.010

-

UNAMNIY

—O— Probiotics
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= 2 LS y A A [ [% { A
317 5 nslula@inannizuguds 31 6 Inslula@nannzeuudigariengunpil 40°C

figunnil -20°C lumanasssuazinlaniduieaiaaisutidinasey

{ a a A‘ v s v 1 =
A13197 3 FulszEnTaNTIOu: LLﬁﬁﬂ"I{L"D’W mmusl,um'sau WAL DLLTLL3

NITUIRMTOUURILLLUTUT S COP sammvouud wasauwlwihils

(Freeze Drying Process) COR. COPR, (Drying Rate)  (Electrical Load)
(°Crmni) (KWh)

NIZUIUNT WBUD9 (Freezing) 4.22 5.01 0.321 0.18

N3ELAWMIALUWITUAH (Primary Drying) 4.31 5.12 0.027 2.87

nszLawMsThukituigas 418 5.08 0.034 4.14
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Abstract: This study investigates the discoloration of as-welded titanium pipes using gas tungsten arc
welding (GTAW) in accordance with the NORSOK standard M601:2016, which provides guidelines for
welding and inspecting titanium piping. A key focus of this research centers on the precision of visual
inspections, particularly when employing a borescope to examine the root weld within the pipe. The principal
objective is to establish a standardized reference table for evaluating the discoloration of as-welded titanium
pipes at the root, considering both visual inspections conducted with and without a borescope. The GTAW
process was conducted under controlled conditions by deliberate manipulation of oxygen concentration in the
Argon atmosphere, ranging from 50, 100, 300, to 700 parts per million (ppm). Furthermore, travel speed was
regulated to create variations in heat input. A comparative analysis was conducted, contrasting images
obtained inside the pipe using a borescope with images of the root after a lengthwise cut. The findings reveal
that the images captured through the borescope exhibit darker shading; however, this divergence does not
compromise the quality of interpretation. Notably, oxygen concentrations exceeding 100 ppm led to significant

discoloration, rendering the material unsuitable for use at any travel speed.

Keywords: Titanium grade 2 pipe; oxygen concentration; discoloration; GTAW,; borescope
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NNIALLNES I@alqﬂmtﬁ@”uLwﬁwzéuﬁmﬁﬁmm
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Tninitsadsgnidenliduriaduwdsuuuringa
lnzinain [1, 2] adnslsAaulmndeudanu 'l
donisiian1siagudnfAlusimIsyida
(Discoloration) Wmmqul,l,ﬁ”aﬂﬂﬂﬁgu (Shielding
Gas) UalAaIaI%a9 (Purging Gas) laifiwa n3adl
mﬁﬂmﬁawauLLﬁaaaﬂ%LaugaLﬁundwﬁmm
NAIF AU [3, 4]

¥19337% NORSOK M-601 [5] i uain s
mmau%’umnﬂﬁﬂuﬁﬁﬁwé’um‘n%amaai’a@;
Tniniflouinsa 1 uazinsa 2 dasldsunis
ATIIROUMILRIANINEHan waznioly daq
duldaunawiosit 1. fnvensulddomsn uasd
W19da 2. unuiduilnanunistesnuwuimdui
pansUle 3. linousuiinanady 5179 F13w
#n wisFnuiuye TagfUsunmanusouign
aj%ummﬂuﬁﬂ%ﬁqﬂaﬁ'yﬁmaddwa@iamimﬁﬂuﬁ
Y83A17081 0N [6] HANINNANITATIIFOUNNT
Lﬂﬁﬂu?«u’%nmmyL%auﬁwuiuﬁaimﬂlﬁﬂﬁaug
lagunaziiadannifoslunisaanuiasousy
wiadJiasmaldom shildgnisdariviaussviinis
3573w Halasass (Direct Visual Inspection)
Wafindu lagnuinduessauidandiunluduly
anumnaspuudaznui i fduniudeanaseu
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srunuusunlaws WUizinalne) d1na lasls
iaﬁﬂﬂu@ﬂﬁu?ﬁmu%au (Welding Procedure
Specification, WPS) No.P141-Ti-03 [7] PYIUIENY
snduunanielunislfudawden iwalinis
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2. 7&m aldnsob ua

9 9

a s a o
£35nN1579Y
2.1 M5O UNTUINUNAR DI
s = 1 = U [l
Taguiiuy 2N uUINTA 2 IUIALFURIY
quﬁﬂma 50.8 FRALUAT ANRUI 2.77 UaRLNAT
AL 150 TARWIAT LINYINH 30 B9FN AILEA
lugﬂﬁ 1 I@s’i’a@;muuazm@Lﬁuﬁd'suwaumamﬁ
AILFAIIUANTIIN 1 waT 2 LLamaJu”ﬁmanamaﬁaq
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J,ZAO |5
31U 1 MuazlBsanalNIaLGe LAz TUITaN

audarinruamaian WPS No.P141-Ti-03 [7]
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M990 1 Sukaumaai nmdiaunsa 2 laginin (wi%) [8]

Grade Ti C (0] N H Fe

2 Bal. 0.08 0.25 0.03 0.015 0.30

AN 2 FUREUNWLATTELFY ERTI-2 lagthnnn (wi%) [8]

C (o) N H Fe

0.03 0.08-0.16 0.015 0.008 0.12

A13199 3 gutaNInazedlnniitoninia 2 [8]

Tensile Strength, min Yield Strength Elongation 2 in. or 50 mm
Min. Max.
Gage length, min%
ksi MPa ksi MPa ksi MPa
50 345 40 275 65 450 20
2.2 ma3zaadnsal 232 vinmsdassuizarsnauninnnslurianas

2.2.1 m%f'a:lL%aum%ﬂﬁaamuuﬁ”aﬂnmgaJ RILON muquﬂ%mmmwLiuiumaaaaﬂs‘fmuﬁ 50, 100,
TIG 300A (Down Slop) LLﬂ:Qﬂﬂ’iﬂImiL%aua@@g{l 300 az 700 ppm @ HTANRY (Gas mixture) lap¥in
Lﬁﬁﬁ'umﬁ'wﬁaﬂﬂﬂaq:um‘i{ﬂaumuqu@i’mmwau M3TaUsumasnFlauaoLAIos3iAzRAY
WA& (Gas mixer) Lﬁamuqwﬂ%mmmwmﬁuﬁmaa uTuvasaandian (Oxygen Analyzer) lagfinaa
aanglanmuluvie mmmaﬂuﬁalﬁaglnﬁﬁuqﬂﬁﬁ’mﬁﬁaumﬂﬁq@
222 1A30951A5 1K US U AN TR B @T\‘igﬂﬁz

aandLan (Oxygen Analyzer) ORBITEC OXY-EVO 233 lunilisasdaszrinadanrninue 2 uwa
223 qﬂnitﬁﬂaoﬁumuqﬂmﬁm%‘uﬁﬂﬁﬂ’a 132naua18ULnITIN (Root Pass) WAZWWINUAN
Nwdey (Cover Pass) I@slLLmi’mfﬂzmuqumnm"lwv['j’ﬁ
224 m%‘aﬁ@qm%nﬂﬁuuué’u K& (Thermocouple 63 wanuy$ u39aua13n 10 1ad wazuwINLNIN
R-type) c%m%”umsi“@qmﬁgﬁixmwL%au 'a]:muqum:l,m"l.wvlfﬁ 80 wauuys wisauansn
225 dadfieas Mutimeter) dniuiadusseu  10.8 Tad a3l Iasnnsandaszauquanuialu
osnuaznszua Widan mn%amﬁm’mﬁagma:@‘h Gz ldannissy
nalumadasfianusnuwideuyinn

2.3 2RAaNNSITaN

5 . X 234 dawinnadeudasfantalnsnidnaaw

2.3.1 1 TaVINANURZDIAIDLG DT UITUNARDILAZ N . o4 ’
4 o - WA (Trailer Shielding) 331N 3

MATaNmIeTlan (Acetone) v
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vialnniitow

2.35 ﬁ'm'm%aﬂﬂy%‘ﬂmqmﬁgﬁi:wjﬁu‘%‘au
(Interpass Temperature) ‘ﬁ 65 89FLTALTOE

2.3.6 LﬁaL%amuﬁaqwqﬂ (Stop Weld) da378 19
qm%gﬁ@ﬁmdw 400 a9FLTALTHR 50%2;@711‘3@]’1;1
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adfsznavvasianda fIapldvinisanasey
fawn13idaw Immuqmam’amm%aﬂﬁ
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FEWA9B %I U @f’mamiuzﬂﬁ' 4 (A) Laz
(B) @usaL
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317 3 madawuuulile (Manual) ivaibeudas

ﬁﬂnﬂiamﬁaqﬂﬂirﬁﬂnﬂqmlﬁa (Trailer Shielding)

(A)
31]‘71 4 mimuquaaﬁﬂs:naumaﬁamia: (A) M@

(B)

: o & -
TEHULWNLULUITIN, (B) MIIAM ALY TERIWNTUINY

242 wmsnden ;\i}’?ﬁ?’ﬂvlﬁﬁwmilﬂﬁﬁﬁa
Pnmnnugutuveseendian Godudawlunsn
AgT9nnauandlsdanisiasuifivedrie
Tnindgumenasmsiden lasUSanmanududi
yasaandranazdoafounasliiin 5% asaa
myday asusasluased 4

243 ﬁaumimwﬁﬁamﬂuﬂaé’wﬂé’aug A0
ﬁﬂmﬁﬂmmwudaaaﬁwmwaﬂﬂﬂmdmﬂgwﬁ'ﬁ]:
mMIaTIFay 10, 20, waz 30 Jaaias lafanu
§098319 1,335, 743, WAz 445 AN (Lux) ANE1AU
mnifuﬁ']msﬂ'uﬁnmwmnnﬁaagﬁLLamNauu

Wi a@”&ua@ﬂugﬂﬁ 5
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n1319% 4 ﬂ’]iﬂ’JUﬂNﬂ%&l’IMﬂ’l’lNL‘ﬂlll"l‘i/%"llﬂd

aandannieluria

Low Welding Speed

High Welding Speed

ppm

Joint 1L Joint 1H
100 |mmmm e =
o 100 s

Joint 2L Joint 2H
300 Rl — |
ppm

— X TN

Joint 3L Joint 3H
700 :
ppm

Joint 4L

Joint 4H

No lisiztiwnzlinngu

control Joint 5L Joint 5H

244 dadvialnmiisuianTageuunidow
MIUENALATUUANNWAI8NFaIRdnaa tayly
NI NITATIVFOUAINNIA331% NORSOK M-
601:2016 [5] Asusnsluzuil 6

245 GAULWILTINANTIN ﬁﬂmi‘fugﬂ (Mounting)
alWazaandomIsudaia (Polishing) AanIzans
Vli’]tl@lzdLWi was 120, 180, 220, 320, 400, 600, 800,
1,200 1,500 W8 2,000 INTTAT UL FNRNA
INUNIaalnIwe 0.25 luason awdau
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anantalasasinuluria

246 vhmatansa aanaseulasssisunme
(Macrostructure) LLﬂ:Iﬂidﬁ%”mgamﬂ (Microstructure)
AIWN1AI31% ASTM E470-99 [9] 15 nsaluasn
(HNO3) 5 fiafdas (mL) nyalalaswgaain (HF)

10 88873 Laziin 85 Jaaa®T LA 3-20 AW

3. HANIINARDY
317150329 Resa eI Ina nlutie
AILNABIJUAZNIAAKID

797 5 ugensSouisumaisuudasd

AIUT N BT AU L WITINUAZ S I LT 9LA B9U B

(2 '

%u‘n@aauﬁﬁﬂ'ﬁﬂﬂﬁﬁ%ﬁ?ﬁg’(%umuuazﬂ?mtu.
AN NTUVBI0aNTIaNLAna1InY lasldinmal
MILANITLVBININTIINAIMNL§331% NORSOK

M-601: 2016 [5]
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dl a v U a dl

Ad3uTmalu T uTwaanGLaun 50 ppm
mwLLamwamﬂﬂﬁaagu?L'smumL%auvlajﬁms

A A A a s ' ) o A
WRLUF waTuauFiIaNasaue UV aITeuLTaN
YN NN LaanviaNinnsaan lagiuinaw
H1UNEBIAT P0ALFAI AR NI ILDURNI98aU lasn
FunagoUN M TanmuaNS lumsisandl

a a s A o ad 4 o '
ALAALDURIINA LN N Az I N UANI19n I
mn‘%auﬁ’ma’nuﬁaga oS nuutwes
panGLawdudunidn 100 ppm A1WaINNA DY
URAINATN LN AANITI RO UANUSII AT BN W6l
v U 4 a 1 nd >
AUT WG NILNALAUFNE % TIATINUAW
F3n0an laNMIAANIYIa lauanunINsTaILauR
NAAGINRTIILW I TN T VU IALALRILN BN N
AN UNTTON HANITATIFINAITUINUAN
eIgug meldnnududuvesaanGiaui 50 uas
100 ppm Aa8aNIUMILTN® (Accept)

AUV MANUTNTWaaNTLa% 300 ppm AN
mﬂﬂﬁaogwuﬁmqéauﬁuuu%auﬁiwﬁmmuﬁ
TNAANANUIILIITON WEMWENLAIABAVDINNT

- ' oA A Ad a A
NITUADE19NLINT MU R UFNUS I LWL T DY

a A o A a
WuFgaananFdaduwaundng NUsumaw
WuTwaanGiauin 700 ppm mwuamwamﬂnﬁmg
A a A o Al a a A
AU I oD Wi wazRETw Tuyaen
AWENDAADRVBINTHITUAIBE1INLINE AT

A Aad a A a s % Y a
WasuENUS o aN duFin e ey wasisn
N HANMINTIINRITUNUAINNIa IRy Mele
AN T UVBIBENTLAUN 300 LAz 700 ppm Aa L
gaNTUMIITNY (Reject)
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Tunsdia livinnsldui as09was (No control)
NIWUFAINAIINNRBI LAZIINATNWE AT A
u‘%nmiam%awﬁﬁmm,ﬂwqmmzmauﬁmﬁwsaﬂ
WeuSuaudiniuuazdinas nansasrania

TUNUMNINATIIHY A lipansumsliam
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32130 mA1352UTITEZ W (Heat Input)
waﬁ‘lﬁmnn’nm’mﬁﬁwﬁyﬂayaaguam”@
N LA LALA R DIAIMN AUV AILDURA T
WWILTANNLANGAIING LNBWINTNIAINN AN
lwgalsanm {anladuwindIanmanuiond
WIFTUIIUAINNIATFI% BS EN 1011-1:1998
L3 { o 1 Q a Ag
[10] laglsaun1si (1) Snuadrandszdndnie
o A A o A
ANUTaUAIN 0.6 LihaIANITNTEUIRNITI TN
& o o al a ~
01INYIFLARUATARUINOULFAINALUTI UL DY
ﬂ'ﬂﬂ?‘fmmmw{auﬁLﬁl”ﬂij“’}?%q']%ﬂﬂﬂﬂﬁﬂ"ﬁ
AT LA RS AILEAIIUAITINN 6 UAs

7 NAAU

VxAx60

Heat Input(k]/mm) =k Welding Speed x 1,000

(1)

1% (Heat Input) Ny lunmsibausi

Welding
Time Heat Input
Speed joint Pasition Speed
(min) (kJ/mm)
{mm/min)
1L Root Pass 4.22 44.88 0.50
(50 ppm) Cover Pass 3.14 60.32 0.51
2L Root Pass 4.34 43.64 0.51
(100 ppm) Cover Pass 3.21 59.01 0.52
Low
3L Root Pass 4.28 44.25 0.51
Welding
(300 ppm) Cover Pass 3.39 55.87 0.55
Speed
4L Root Pass 3.16 59.94 0.37
(700 ppm) Cover Pass 2.55 74.28 0.41
5L Root Pass 3.29 57.57 0.39
(No Control) Cover Pass 3.06 62.10 0.50
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@1399 7 YSanannuiaunidgun (Heat Input) nadianuiialunaisongs

Welding
Time Heat Input
Speed joint Position Speed
(min} (kJ/mm})
(mm/min)
1H Root Pass 3.41 55.656 0.40
(50 ppm) Cover Pass 3.00 63.14 0.49
2H Root Pass 3.14 60.32 0.37
High (100 ppm}) Cover Pass 2.38 79.59 0.39
Welding 3H Root Pass 2.52 75.17 0.30
Speed (300 ppm) Cover Pass 2.16 87.69 0.35
4H Root Pass 2.39 79.25 0.28
(700 ppm) GCover Pass 2.19 89.49 0.35
5H Root Pass 2.32 81.65 0.2v
(No Control) Cover Pass 2.33 81.30 0.38

3.3nmanalaseasannia (Macro Structure)

HaNTEN NN IATIEINRANAT 89T 8T 0N
valnimilon 1nse 2 wgadlwiAudInng
Wagnulsslasesiousmn e nuion wasusm
RROUAZANE ﬂval,l,amsl,ugﬂﬁ 7

3.4Ta3983199an1@ (Micro Structure)
mwdnslassaienisaniauInmiagnu
LLamﬁaImaa%wqﬁugmmaa"twm dlaainse 2 7
ANHIALNIBUUUIIAUNNAANY (Equiaxed QL)
#n3008WLNR (Alpha Phase) kazdlasiainanan
wuutanoilnuaa (Hexagonal Close-Packed:
HCP) [11] dauaaslugud 8
yaueAuSmldsuNanITNuNIIaNTanan
mudoanuiunsudsneuclngduuacdlaseing
naniduuediouiaaidifia (Body-Centered
Cubic: BCC) @9t38niuduna (Beta phase)

Best Metal HAZ

Fusion Zone HAZ Best Metal

gﬂﬁ 7 MwanelasIaINrae

(Macro Structure) 289388t anyia lniniiiay 1nsa 2

lagdanlunaziianisdfuuudaslasiziradn
Luéﬁl,waﬁaﬁaﬂ@‘f‘%’uNaﬂs:ﬂumﬂqmﬁgﬁﬁgaﬂh
915 aseniaaiBoa [11] asuaadlugif o
‘[ﬂioa%agamﬂﬁu’%nmﬁaL%aw@i’mmm%au
AWS ERTi-2 10338319920 wud W wazoann
R lagwnuvdoafluuu Myt JuuH kNI
oA ’~ ) A
Inginindnngluusnmnsznusamiasanid
A Ad o & o o A [ A
vInanddannaiuaiinga aagdi 10
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3un 8 mwn"]zﬂmaa‘?ﬁoqan’mu%nmfmgmu

fnaduene 500 i
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7\
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Abstract: This research aimed to assess health problems, ergonomics, and fatigue from work to improve
workstations by comparing personal and environmental factors and comparing the ergonomics risk and
fatigue from work before and after improving the workstation. The sample comprises workers in a rubber
smoked sheet processing factory from Maireang rubber plantation fund cooperation in Chawang District,
Nakhonsithammarat Province. The results showed that the Abnormality Index (Al) score was a value to be
careful of and it is an unacceptable value. So, it must be corrected immediately. It should improve the
workstation, meanwhile, the mean value of RULA was 10, while the REBA was 13, indicating ergonomic
problems that required workstation improvement. The Piper fatigue assessment indicated a score of 139 and
an average of 6.32, signifying that the worker experienced moderate levels of fatigue from work. From
presenting a guideline to improve the workstation by designing a rubber sheet conveying tool that uses the
body size data of the sample. Personal factors, environmental factors, and tool evaluation results of experts in
terms of an average of 4.20 which is a very reasonable level. The results showed that fatigue and work-
related risks, assessed by ergonomic principles, decreased from a RULA score of 10 to 7 and a REBA score
from 13 to 6.67. This indicates that there are still unresolved issues in the work environment that require
further investigation and improvement. The score was an average of 6.32 down to 4.80. By comparing the
results, there was a decrease in the score level due to improvements made to the workstation based on the

ergonomics principle.

Keywords: Ergonomics; Fatigue; Smoked Rubber Sheets; RULA; REBA; Piper
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Abstract: This paper presents identifying the optimal location and capacity of distributed generation for
improving reliability in distribution system. The objective functions to improve reliability in the distribution
system with distributed generators. The distributed generators considered are divided into three types
viz photovoltaic, wind turbines, and hydropower. The technique identifies the location and capacity of
distributed generation by the Tabu search algorithm. The system for the case study is the Roy Billinton
Test System (RBTS) bus 2. The distribution system consists of 4 feed lines and 22 load points. The
maximum load level of bus 2 is 20 MW. The reliability indices considered include eight variables: SAIFI,
SAIDI, CAIDI, ASAI, ASUI, ENS, AENS, and ECOST. The results found that the optimal placement of

distributed generators can increase the reliability of the distribution system.

Keywords: Distributed Generation; Reliability; Distribution System
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Abstract: Applying inductive power transfer (IPT) technologies for battery charging enhances user
convenience and operational safety. While charging the battery, the current or voltage of the battery
varies according to its state of charge. The system controller must be able to maintain a constant
charging current or voltage according to the charging profile designated for each type of battery. This
can be achieved by sending the appropriate commands to control the operation of the power switches
inside the inverter. This article presents techniques for controling an IPT system by varying the
inverter's switching frequency along with adjusting compensation parameters in order to achieve
constant current or voltage charging while maintaining high system efficiency. The experimental results
obtained from the testing system indicate an approximate 10% improvement in system efficiency for the
constant current mode (CC) and 5% for the constant voltage mode (CV), compared to a fixed switching

frequency scheme.

Keywords: Battery charging; Constant current (CC); Constant voltage (CV); Inductive power transfer (IPT);

Efficiency enhancement
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Abstract: This study determines the effect of ethanol in the ternary blend on the long-term use of the
engine. A stationary agricultural engine is selected for the 500-hour endurance test because of the high
feasibility of using ethanol blends as regular in the future. Ethanol 10 % (E10) is mixed with the blend of
biodiesel 10% and 90% diesel (B10). So, the test fuel is B10E10. Commercial diesel, which has 7%
biodiesel, is also used for the comparison. To simulate the actual application, the engine connected to a
water pump was operated to circulate the water. The engine deterioration is evaluated through the change
in performance and emissions when compared after 500 hours of use and before the beginning of the test.
The engine wear is denoted by the metal contamination in lube oil. Also, the appearance and measured
value of parts from the disassembled test engine are used to reveal the engine damage. Moreover, engine
oil degradation was also checked by the oil condition and the additive depletion. The results found that
torque and fuel consumption changed and indicated engine deterioration as usual. According to lubricant
oil results, there is no effect of ternary blend superior to the commercial diesel. No evidence of severe
wear can be detected. The engine can run smoothly throughout the test without any adverse

consequences. Therefore, the use of ethanol-blended fuel in agriculture engines can expand.

Keywords: Ethanol; Biodiesel; Ternary blends; Diesohol
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1. Introduction

Due to the profound effect of global warming,
greenhouse gas regulation is currently being
tightened. The automotive sector is one of the
most significant contributors to emitted greenhouse
gases. Therefore, novel engine technology and
alternative energy supply resources must be
discovered. Regarding economy and efficiency,
diesel engines are superior to gasoline ones,
hence decreased CO, formation. However, based
on the combustion mechanism, a compression
ignition engine generates a trade-off between
smoke and NO,. Consequently, using renewable
energy instead of petroleum-based fuel is the
solution.

Oxygenated biofuels have been proven to
significantly decrease particulate emissions in
direct injection gasoline and diesel engines. The
well-to-wheels greenhouse gas can also be
reduced. Moreover, the dependency on imported
crude oil can be alleviated. As a result, many
countries have applied biodiesel blended with
diesel. In addition, biodiesel can compensate for
the ethanol blend properties by functioning as an
emulsifier, lubricity, and viscosity enhancer [1].
Therefore, a ternary blend, ethanol-biodiesel-diesel
blend, has been stimulated to investigate.

Previous research indicated that the miscible
tri-blend with the higher ethanol concentration

requires a higher biodiesel content [2]. Due to the

ISSN (online): 2697-5548
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lower heating value of ethanol and biodiesel, the

increased to

13].

researchers indicated higher thermal efficiency

fuel  consumption compared

petroleum diesel fuel However, some

because oxygen molecules lead to more complete
[4]. The

dramatically reduced while NO, emissions seemed

combustion soot/particulate  matter
to increase [5]. Depending on the engine operating
conditions, CO and HC vary [6].

Different ethanol concentrations have a distinct
impact on engine output. Murcak et al. conducted
the test with ethanol 0-15 % [7]. The results
showed that when using 10% ethanol in the blend,
the engine power, torque, and fuel consumption
have more benefits than diesel for all engine
operating conditions. Mohammadi et al. indicated
that increasing ethanol up to 20% can decrease
exhaust emissions, including the trade of NOy and
soot, with slightly increased thermal efficiency.
Nevertheless, the fuel injection system needs
modifications when using ethanol beyond 20% [8].

Concerning combustion features, a low cetane
number (CN) of ethanol leads to the difficulty of
auto-ignition in diesel engines. However, the pilot
injection is an effective approach that helps the
self-ignition of the main combustion [8]. Moreover,
smoke-free  combustion is  possible  with
simultaneously lower NOy by a large amount of
In addition,

exhaust gas recirculation (EGR).

adding ethanol to diesel can induce puffing or
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micro-explosion incidents, thus accelerating fuel
atomization, vaporization, and combustion [9].
Although the previous study showed the benefit
of ethanol blended fuel, there is limited research
on long-term use. Most of the research focused on
the endurance of injection systems [10] and
confined the binary blend (ethanol-diesel) [11]. For
the ternary blend research, Kurre et al. [12]
evaluated the oil degradation when the engine
used a 10% ethanol-10%

100 hours.

biodiesel blend with

diesel for The results showed
acceptable oil degradation but no comparison with
regular fuel. Thawornprasert et al. [13] found that
the injector was corroded, and then the
malfunction happened after 100 hours when using
the high blend of 60% biodiesel and 10% ethanol.
Kandasamy et al. [14] showed that after 500 hours
of an endurance test, engine torque and power
reduction compared to 0 hours when using
ethanol-blended fuel (20% ethanol + 5% biodiesel)
is more significant than B5.

This study conducted the 500-hour durability
test to expand the possibility of using ternary blend
Because 10% biodiesel

(B10)

fuel for long-term use.

blended with 90% diesel is sold as
commercial diesel in many countries, 10% ethanol
mixed with B10 is used as the test fuel. Due to its
high strength and achievability in ethanol usage,
the stationary agricultural-based engine has been

selected for the endurance test. The deterioration

ISSN (online): 2697-5548
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of the engine is evaluated through the change in
engine performance and exhaust emissions.
Engine oil contamination and conditions are used
to indicate engine wear. In addition, the
disassembled engine parts are measured after use

and observed.

2. Apparatus
2.1 Engine

A brand new ordinary agricultural single-cylinder
diesel engine equipped with a water pump was
used in the current study. The cylinder positions
horizontally, and the piston operates four-stroke
cycles. With a naturally aspirated intake system, the
fuel is injected directly into the combustion chamber
by a mechanical pump system with a maximum
pressure of up to 220 bars. The engine details are

listed in Table 1.

Table 1 Engine specification

Specification

KUBOTA RT140
Water-Cooled 4-Stroke

Horizontal engine

Engine model
Engine type

Bore x Stroke 97 x 96 mm.
Dis. Volume 709 cm?®
Compression ratio 18:1

Int. & Exh. valve 1, 1 valve

Max. power 10.30 kW@2400 rpm

Max. Torque 49 Nm@1600 rpm
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The engine performance presented in Fig. 1
was acquired before the test started as the baseline
and used to validate the engine conditions. The
maximum is less than the

torque slightly

specification and occurs at 1600 rpm.

2.2 Engine load

A centrifugal pump was applied as the load for

the engine durability test. The engine was

connected to the pump via an extension belt.
The pump sucks and discharges the water through
the 4 inches pipe. Table 2 shows the details of the

water pump.

2.3Fuels

The effect of ethanol-blended fuels on engine
deterioration was evaluated through B10E10 fuel,
where E stands for ethanol, and B is biodiesel. Due
to the miscibility problem, 10% ethanol must be
mixed into B10, comprising 10% biodiesel as
surfactant and 90% diesel. Commercial diesel sold
in the gas station (mixed with 7% biodiesel, B7) was
also used as the reference. The fuel specification is

presented in Table 3.

2.4 Durability test procedure

The durability test was executed following Fig. 2.
Before the test began, the engine run-in, also
known as break-in, needed to be conducted for 12
hours. Then, engine performance and emissions
when using B10E10 were measured at 0 hours as
the baseline.

Subsequently, the engine was

equipped with a pump, which circulated the water
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Fig. 1 Engine torque before the durability test

Table 2 Water pump specification

Specification

Type A centrifugal pump
Pipe dia. 4 inches
Max. Capacity 1700 liter/mint
Max. Head 27 m.
Output 10 hp.
Revolution 2000 rpm
Table 3 Fuel Properties
Properties B10E10  Diesel (B7)
Ethanol (%) 10 0
Biodiesel (%) 9 7
Diesel (%) 81 93
Density (g/cm®) 0.815 0.822
Viscosity (cSt) 2.8 3.2
Heating value (kJ/kg)  41.7 44.8
Lubricity (Lum) 240 201
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with the pump head around 1 meter and ran for 500
hours. The engine speed was fixed at 1600 rpm.
The lubrication oil was changed and evaluated

every 100, 200, 300, 400 and 500 hours. After the

engine running achieved 500 hours, engine
performance and emissions were repeatedly
determined.  Furthermore, the engine was

disassembled and monitored for deterioration and
wear. Finally, the engine was overhauled before the
test procedure was repeated, but diesel was used
as the fuel. The new parts in the overhauled engine
include a cylinder block sleeve, injector, piston, and
rings. The valves are old ones but grinded.

Engine deterioration was determined by the
torque, fuel consumption and emissions change as

calculated in Eq. (1).

Percentage change (%) = ? x 100

™

where V;and V, are the values at 500 and O hrs,
respectively. The used lube oil conditions also
indicate engine wear. According to ASTM D6595,
the metal contamination in the used lubricants was
determined by the rotating disc electrode atomic
A

wave-based instrument was used to measure fuel

emission  spectrometer. surface  acoustic

contamination. Fourier transform infrared
spectroscopy measured the oil oxidation, nitration,
soot and water according to the ASTM E2412
standard. The lube oil's total base number and
viscosity were analysed using the ASTM D4739

and D445 test methods.
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Engine part evaluation |
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Fig. 2 Test procedure

2.5Engine performance and emissions

The test was performed on the engine test
bed, where a prony brake controlled the load.
A chemiluminescent analyser, Horiba model
FCA-266, was used to measure nitrogen oxides.
The

measured by the Horiba model FCA-266 flame

exhaust unburned hydrocarbon was
ionisation detector (FID) technology. A Horiba
model AlA-260 non-dispersive infrared (NDIR)
analyser was used to measure carbon monoxide.
An AVL smoke meter 145SE was used to detect

smoke levels.
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3. Result and Discussion
3.1 Performance and emissions change

The engine can run smoothly without any
problem throughout the test period for B10E10
and diesel fuel. Fig. 3 presents the average fuel
consumption calculated during the 500-hour test
period (281 Liters for B10E10 and 267 Liters for
diesel). The result shows that the fuel
consumption is higher by 4.36 % than diesel B7
when using B10E10. The lower heating value of
ethanol is the cause. However, the increasing
percentage of fuel consumption is less than the
decreasing percentage of the heating value
(6.92%) of B10E10 fuel. Because of the more
oxygenated molecules,

occurs for B10E10 fuel.

complete combustion

Fig. 4 exhibits the percentage change of
torque after completing the test and initial
condition of the engine when using B10E10 and
diesel fuel. For more details, engine torque, fuel
consumption, and exhaust emissions values
before and after 500 hours were summarized in
Table 4. Both fuels have a marginal effect on
engine degradation. Engine torque decreased for
all engine speeds. The percentage change varies
with the engine speed without correlation. The
engine using a ternary blend at low speeds
seems worse than B7 but better at medium
speeds. The torque change caused by B10E10

and diesel ranges from -0.60 to, -4.21 and -2.06
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Fig. 4 Percentage of torque change when

compared between 0 and 500 hrs.

to -4.15, respectively. As a result the effect of
ethanol on engine wear was not significantly
observed when compared with commercial diesel.

As shown in Fig.5, long-term use slightly
increased the engine's fuel consumption for both

test fuels. The variation varied with the engine
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speed. The result could not indicate the domination 14

[]B10E10 W B7

effect of B10E10 fuel over diesel in terms of specific 12+

fuel consumption corresponding well with the 10 +

decreasing torque.

The reduction in engine torque and increased 6 |
fuel consumption after the endurance test of the 4 L
brand-new engine/part may be inevitable because 2 L
of cylinder wall deglazing. The rubbing parts, such o

Percentage change in sfc (%)
©
|

as the piston ring and cylinder wall, have a rough 1400 1600 1800 2000 2200 2400
surface at the beginning and are then polished to a Engine speed (rpm)

smooth finish. The high level of metal contamination Fig. 5 Percentage change of specific fuel

in the lube oil at 100 hours, which will be discussed consumption (sfc) when using B10E10 and B7

later, is evident.

Table 4 Engine torque, specific fuel consumption, CO, THC, NOx, and soot before and after 500 hours.

Detail 500 hr. B10E10 B7

1400 1600 1800 2000 2200 2400 1400 1600 1800 2000 2200 2400

Torque Before 47.12 47.70 4450 43.53 40.08 39.46 4532 46.20 4558 43.80 4221 40.05

(N-m) After 4571 4549 4423 4216 39.57 37.78 4438 4500 43.70 4215 4090 38.97

SFC Before 290.3 2535 2686 2599 2733 2851 3129 2811 2694 2504 2544 309.0

(9/kW-h)  After 2934 2725 2688 2672 2895 3013 3213 296.0 273.6 2649 2715 3246

co Before 7.09 3.02 1.00 0.37 0.23 0.18 1017 547 1.69 0.57 0.45 0.35

(9/kW-h)  After 3.35 2.07 0.66 0.30 0.22 0.13 7.71 3.22 0.79 0.34 0.21 0.28

THC Before  0.11 0.09 0.10 0.10 0.10 0.10 0.14 0.13 0.12 0.1 0.11 0.14

(9/kW-h)  After 0.07 0.07 0.07 0.07 0.07 0.11 0.08 0.07 0.07 0.06 0.07 0.08

NO, Before  0.51 0.47 0.63 0.61 0.56 0.47 0.58 0.61 0.62 0.59 0.59 0.58

(9/kW-h)  After 0.28 0.29 0.30 0.30 0.24 0.35 0.59 0.63 0.60 0.54 0.57 0.60

Soot Before 7.51 6.07 4.52 3.75 3.12 0.50 7.86 6.10 4.88 3.28 2.27 0.73

(g/kW-h)  After 7.13 5.83 4.56 3.06 2.56 0.56 6.82 6.62 3.75 3.58 2.63 0.66
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The percentage change of CO, THC, NOy and
soot from 500-hour endurance is exhibited in Fig. 6.
Unlike engine performance, no absolute trend of
emission change exists. CO and HC tend to
decrease after long-term use for both test fuels, but
the change of NOy and soot could not be
concluded. One primary source of THC is the
unburned hydrocarbon from the fuel escaping into
the oil pan through the gap between the piston ring
and cylinder wall. Likewise, unoxidized CO to CO,
leaves from the crankcase enrich the CO emission.
At the beginning of the test, more fuel and CO are
easily blown through the coarse surface of the wall
to the oil pan and then repel to the cylinder at the
exhaust stroke, thus resulting in high THC and CO.

NOy the
high

and soot strongly depend on

combustion  characteristics.  With  the
combustion temperature, the level of NOy increases
and vice versa for smoke. Therefore, the uncertainty
of the percentage change of these emissions is
sophisticated. Combustion characteristics and spray
behaviour should be further examined.

Although the exhaust gas change is an
ambiguous indicator of engine deterioration in this
study, the results confirm that ethanol in blended
fuel has a similar effect to diesel fuel for long-term
use. The change is opposite to the previous
research [14], where CO, HC, soot and most NOy
emissions increased after the engine ran for 500

hours, and B5E20 had a more significant effect than

ISSN (online): 2697-5548
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B5 fuels. The discrepancy may result from the
difference in the run-in period of 20 hours and the
blended with the

high oxygen content low

concentration of biodiesel.

3.2 Lubrication oil
3.2.1 Wear elements

The engine oil was sampled at 100-, 200-, 300-,
400-, and 500-hour test periods and presented
sequentially from left to right of each bar chart
group and exampled in Fig. 7. Note that the actual
age of engine oil is 100 hours, not the accumulated
running hours, as the name indicates. Metal 1 and
Metal 2 in Fig. 7 are representative of the graph
pattern to present the result. They can be any
metal, such as iron, molybdenum, or aluminum,
which will be present later.

Metal contamination in used-lube oil, including
Iron (Fe), Molybdenum (Mo), Aluminum (Al), Copper
(Cu), Chromium (Cr), Lead (Pb), Tin (Sn), and
Nickel (Ni), both fine (size < 8 pum detected by
rotating disc electrode) on the left and coarse (size
of 5 -150 m measured by rotating filter
spectroscopy) elements on the right is illustrated in
Fig. 8. Iron is the primary material used for the
crankshaft, camshaft, and cylinder block. The
engine piston and bearing have an aluminum
constituent. Copper is the constituent part of the

valve, and chromium is used to cover the cylinder

ring and block. The fine particle has a higher
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amount than coarse pieces for most metals. In the
first 100 hours, the amount of debris for all metals,
except for molybdenum, torn from the engine parts
is the highest due to the run-in period, particularly
iron, which is above the waming level. However,
after 100 hours of accumulation, the quantities of
decreased and remained stable

wear metal

afterwards in the acceptable range. It indicates that

[] B10E10 H B7

Percentage change in CO (%)

1400 1600 1800 2000

Engine speed (rpm)

2200 2400

Percentage change in NO, (%)

[] B10E10

W B7

1400 1600 1800 2000 2200

Engine speed (rpm)

2400
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the break-in period should be over 12 hours to
evaluate the deterioration results.

The oil at the first 100 hours, drawn from the
engine using B10E10, contaminated higher metal
elements than diesel fuels. However, the wear
debris from the brand-new part using B10E10
during the run-in duration significantly contributed to

the result, not the test fuels. The new parts used

N
o
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o
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-
o

Percentage change in THC (%)
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Fig. 6 Percentage change of CO (upper left), THC (upper right), NOy (lower left) and soot (lower right)

emissions from the 500-hour endurance test
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in the overhauled engine using B7 include the
cylinder block sleeve, piston, piston ring and
grind valve. Other parts, such as the crankshaft,
camshaft and bearing, had already passed the
break-in period and were less detached when
tested with B7. Moreover, compared to 200-, 300-
, 400-, and 500-hour tests, the level of metal
contamination is no different between B10E10

and diesel fuel.

3.2.2 Oil condition
Fig. 9 exhibits the used engine oll
conditions (viscosity, total base number (TBN),
nitration, and oxidation) sampled every 100 hour-
accumulation. For all sample oils, the viscosity
decreased and closed to the lower warning
bounds after 100 hours of use. Both test fuels
have a relative effect on oil viscosity. The
fuel/water dilution shown in Fig. 10 is the cause
of viscosity reduction. In order to prevent engine
failure, the engine oil should be changed every
100 hours as the manufacturer recommends.
Typically, TBN should be decreased because
of the acid formation from by-products of
combustion, nitration and oxidation. In addition,
the acidity of biodiesel resulting from the fuel
dilution can reduce the alkalinity. Interestingly, the
TBN of motor oil used in this study is comparable

to that of new oil except for the oil drained

at 200 hours when using B10E10 and 500 hours
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Metal 1
B7

Metal 2
B10E10

Metal 2
B7

Fig. 7 Example to indicate the engine oil results

when using B7. The alkaline additive in the
lubricant, such as calcium, neutralizes the acidity.
It can be noticed that the calcium concentration in
Fig. 11 was identically reduced, with the TBN
substantially decreased at 200 and 500 hours.
Nitration is formed by the reaction of oil and
nitrogen oxide compounds, while oxidation is the
product of oil oxidized with oxygen. Both
substances typically lead to increased viscosity
and acidity. The result shows that nitration and
oxidation increased after 100 hours of usage
compared to the new oil. B10E10 slightly
increased higher than B7. Because of higher
oxidative agents in tri-blend fuels, the oxidation
reaction with lube oil occurs more quickly. More
oxide of nitrogen emitted from the B10E10 may
be the cause of marginal higher nitration.
However, the effect of nitration and oxidation on
the viscosity and TBN could not observed as

discussed above.
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Fig. 10 Contamination of water, fuel, and soot in

used lube oil at every 100 hours
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3.2.3 Contaminations

The contaminants comprised of water, fuel,
and soot diluting in the engine oil are presented in
Fig. 10. All contaminant levels are below the upper
warning limits. There is no sign of water leakage
from the cooling system into the Ilubricant—the
water level in the used oil is comparable to the
fresh. However, the fuel can vent through the oil
pan and dilute the oil, leading to decreased viscosity
(shown above). The effect of both test fuels on fuel
dilution is equivalent. Soot concentration when using
ethanol-blended fuels is marginally inferior to
commercial diesel. The cause is the suppressed
soot formation during in-cylinder combustion by a

higher amount of oxygen [5].

3.24 Additive elements

As shown in Fig.11, the additive elements
are zinc, phosphorus, and calcium. Zinc and
phosphorus come from an organic compound
multifunctional additive, zinc dialkyl dithiophosphate
(ZDDP), which is in charge of antiwear and
antioxidants. When ZDDP works, an additional
temporary lubricant layer that acts as an antiwear
property is created between two mating surfaces.
This mechanism consumes and depletes ZDDP in
the lube oil. Therefore, the phosphorus and zinc
reduction levels are correlated [15]. However, of
particular interest are the discrepancies between the
change of zinc and phosphorus when using different

test fuels. The difference in the amount of oxidation

shown above may be the cause. Consequently,
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further investigation into the antioxidation of
ZDDP and the vaporization process, which is
another cause of consumed additives [15], should
be conducted.

The duty of calcium is a detergent additive
used to suspend contamination such as deposits.
Moreover, calcium can also neutralize the acidity
of combustion products. Calcium forms a thin film
to envelop the coagulation deposits and hold
them to the oil filter. Therefore, calcium
diminished from the used oil compared to the
fresh lubricant. Surprisingly, calcium precipitously
fell from the oil sampled at 200 hours, resulting in
a relatively low TBN, as discussed above.

The low calcium level coincides with the
low level of zinc and phosphorus but does not
obviously relate to other properties. Moreover,
there is no sign of severe engine wear, implying

the fast calcium drop.
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3.3 Engine parts

All dismantled parts (not shown here) are in
normal condition. No severe wear and damage
appeared on any parts. Fig. 12 and 13
demonstrate the piston and cylinder head from the
disassembled engine after a 500-hour endurance
test. The result indicates that the engine using
B10E10 has less soot depositing on the piston and
head than the diesel B7, which corresponds well
with the lower soot contamination in lube oil.

The lists in Table 5 are the parameters and
values measured from the long-term used parts.
Unfortunately, the assessment before testing could
not be provided for comparison. Therefore, the
manufacturer's standard specifications are given
for reference. Except for the valve seat size, all
parts have the measured value in the acceptable
range. The parts dismantled from the engine using
B10E10 have comparable value to diesel, even

the valve seat.

3000
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N
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=1
t=1
|
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Fig. 11 Concentration of additive elements (Phosphorus, Zinc and Calcium) in used lube oil
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B10E10 B7 B10E10 B7

Fig. 12 Piston after long-term use Fig. 13 Cylinder head after long-term use

Table 5 Parameter and measured value of the parts dissembled from the test engine

Part Detail Specification Measured value
B10E10 Diesel
Cylinder Distortion (mm./100 mm.) <0.05 <0.05 mm. <0.05mm.
head
Valve Valve seat size Intake (mm.) 1.4 1.6 1.6
Exhaust (mm.) 1.4 1.55 1.55
Cylinder Size (mm.) 97.010- 97.048 96.956
block 97.032
Limit (mm.) <0.2
Piston Wrist pin size (mm.) 27.000- 27.02 27.01
27.021
Limit (mm.) < 27.04
Pin size (mm.) 27.002- 27 27
27.011
Piston rings 1% ring gap (mm.) 0.2-04 0.45 0.35
2" ring gap Limit (mm.) <12 0.35 0.35
3" ring gap 0.55 0.45
4™ ring gap 0.35 0.35
Side clearance between 2" rings (mm.) 0.02-0.052 0.05 0.05
and groove
Side clearance between 3" rings Limit (mm.) <15 0.05 0.05
and groove
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4. Conclusion

The endurance of a stationary agricultural
diesel engine is evaluated through 500-hour long-
term use to expand the feasibility of using the
ethanol-biodiesel-diesel blend (B10E10).
Commercial diesel is also used for reference. The
change in performance and emissions indicates
engine deterioration. The engine wear is analyzed
through lubrication oil. In addition, dismantled
engine parts are observed and measured. The
conclusions are:
® Torque reduction and increased fuel
consumption specify inherent characteristics of
engine deterioration when using both test fuels.
However, the change in emissions could not
confirm the results. Nevertheless, all changes
indicate that the ethanol blend has a similar extent
of worsening the engine as commercial diesel.
® The effect of the run-in period demonstrates
the highest level of metal contamination at the first
100 hours of engine running when using both test
fuels. Therefore, the break-in period should be
longer than 12 hours to clarify the engine
deterioration.
® According to lube oil analysis, a ternary blend
of ethanol has a comparable effect on engine
endurance and oil degradation to a binary blend of

biodiesel B7.

ISSN (online): 2697-5548
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® The dissembled engine part confirms the
normal condition of the engine after long-term use
for both test fuels.
From all results, it can be concluded that a
stationery can apply the ternary blend as the

regular fuel.
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