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ABSTRACT

Creating realistic sense for 3D images is a great topic of interest in the field of computer graphics and virtual
reality. One of the common approaches to this problem is to use random ray tracing based on shading equations.
The paper presents a sampling technique for light display based on a number of customizations with random ray

tracing approach according to the shading equation.

Keywords: Sampling, Monte Carlo light transport, virtual reality, ray tracing, shading.

1. INTRODUCTION

Nowadays, virtual reality is one of the key
science and technology fields thanks to its broad
applicability in various aspects of life, such as
health, education, architecture, military, tourism,
and entertainment, etc. With many products
being implemented, according to' the market
for virtual reality products is predicted to grow
from US $7.9 billion in 2018 to US $44.7 billion
in 2024, with the annual growth rate of 33.5%
during the forecast period.

Figure 1. A number of virtual reality applications

One of the most interesting research
issues of virtual reality is the shading techniques

*Corresponding author.
Email: kimnle@arist.edu.vn
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for displaying high-fidelity 3D images. We have
known that to see an object, the light from that
object must reach our eyes. Light can come from
a light source, hit the object and bounce off our
eyes. It is also possible that light collided with
another object or other objects before it touched
the object. Hence when looking at a point on
an object, there are countless rays of light that
collide violently in the scene before hitting that
point and reaching our eyes. Typically, studies
will attempt to analyze and simulate part of
that process to build realistic lighting display
techniques.

One of the well-known studies on
understanding how light travels through space
to calculate emission levels at each point is the
shading equation given by Kajiya.? Accordingly,
the emission at a point is calculated internally
by summing up the emission level itself and
the intensity of the reflected radiation when the
surface is illuminated by light sources.

6 | Journal of Science - Quy Nhon University, 2021, 15(3), 5-11
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Lo(x, &)
= Le (.X', 50)

4 50).Li(x, 5[).C05(ﬁl’, @)dwi

In which, LO is the radiation intensity at x
point in one direction @y . LO will be calculated
by the intensity of radiation itself. Le and the sum
of reflections is calculated using a distribution
function of two-dimensional reflection.’ If the
surface is not a source, value Le is equal to 0.

According to the shading equation,
reflected radiation is synthesized in all possible
directions of the incident light rays. This
calculation is impractical, so we can apply
Monte Carlo numerical simulations to sample
the incident light rays, thereby turning the
integral into a finite sum.

A study using light-based simulation
with this approach is Cinematic Rendering,*
which results in high-quality 3D images from
tomography data. The technique is built on
the basis of applying Monte Carlo method to
randomly sample the traced rays along with
using shading equation on cube data.

Figure 2. A number of images of Cinematic Rendering*

Using ray tracing to approximate the
actual transmission of light by the Monte Carlo
method is also one of the common approaches
in computer graphics to create images for high-
quality 3D animation. This access is used in
some Pixar animation studio data. By rendering
high-definition animations, the amount of rays
used is extremely large, which also leads to

the need for computational time. According to
Christensen team,’ it takes about 15 to 24 hours
for a frame rendering for films like Cars and
Monsters University.

The paper presents a sampling technique
for displaying light according to the random ray
tracing approach to perform light synthesis based
on shading equations. Accordingly, Section Il
will detail the theoretical contents of techniques
with reflection ray sampling, light source point
sampling as well as random ray interruption.
In Section III, there are some test results with
analysis of the output quality as well as the
execution time corresponding to the technical
customizations. Conclusion is at the end.

2. ASAMPLING TECHNIQUE FOR LIGHT
DISPLAY

2.1. Directional scattering

When light strikes a surface, what is visible to
the surface is reflected rays. Figuring out how
to estimate the direction of the reflected ray is
an important criterion in simulating light hitting
that surface. For some surfaces, such as mirrors,
the reflected light is considered to be perfect
according to the laws of light reflection, ie the
incident ray and the reflected ray align with the
surface normal at equal angles. With some non-
glossy surfaces, the light will scatter depending
on the extent. And, for example, with the
fabric surface, it can be considered that light is
scattered evenly in all directions of the sphere
half considered in the distribution function of
two-dimensional reflection.

There are many ways to estimate the
direction of the reflected ray. In this paper, we
test reflected light rays at an intermediate level
between uniform scattering and mirror reflection.
Accordingly, the reflected light ray will have the
taken direction as the directional ray generated
according to standard distribution around the
position of the reflected mirror ray.

Mirror reflection is referred as ds, ds
standardized to unit vector. We set up a space

https://doi.org/10.52111/qnjs.2021.15301
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with the coordinate origin at the reflection point
and there are 3 base vectors, u, v and ds.

Figure 3. Space for generating reflection rays

In Figure 3, we can see space for
generating refection rays. In this space, t is the
generated reflected ray; t originates from the
reflection point and has a length of 1. Reflective
generation is based on two angles 6 and ¢. In
which, ¢ is randomly distributed evenly within
[0, 27], 6 is generated as a standard distribution
with an expectation of 0 then takes the absolute

value. 6 is also limited to upper bound as ™.
2

2.2. Sampling the light source point

While performing the sampling of the traced
rays to perform Monte Carlo simulation for the
shading equation, the path of the sampling ray
needs to collide with the light source for that
sampling to be meaningful. That is when the
radiation value at the new observation point is
updated by the sampling ray. With extremely
large light sources, such as the sky, most
sampling rays make sense. However, with small
light sources, such as light bulbs in the room, or
the sun at extremely remote locations, it is clear
that the probability of the sampled rays hitting
the light source is quite low. That is likely to
waste a lot of computing resources.

Instead, based on some suggestions
from Shirley's work,® we performed reflected
radiation at each location that would be sampled
by a direct ray to each light source if it is not
covered and another random ray in which the
direct ray from the light source will be sampled
based on a random sample of the light source.
Specifically, in this case, we assume that the
light source is a sphere and we randomly take

https://doi.org/10.52111/qnjs.2021.15301

points according to a uniform distribution on the
light source sphere. This point together with the
point to be calculated will be used to construct
the ray directly with the light source.

We consider the point on the sphere
described as Figure 4. In this, r is the sphere
radius, and this value will be fixed for each
specific sphere. The values of 0, ¢ will change
when we consider different points on the sphere.

X
Figure 4. Points on the sphere represented by a set
(r, 6, 9)

The generated score will have the
following coordinates:

X = rsin@cosfy = rsinpsinfz = rcose

Based on this we have the first case that is
randomly generated by uniformly distributed 6
in [0, 27t] and ¢ in [0, «t].

However, according to Simon,” the
generation in the first case will cause the generated
points to be concentrated at the poles, so an
alternative case is case 2 with ¢ = cos™ (1 - 2u),
where u is randomly distributed evenly in [0, 1]
and 0 is generated the same way as before.

In addition,” it is also described an
alternative case which is case 3: independent
generation 3 values of x, y, z randomly according
to the normal distribution, calling V' = (x, y, z).

At that point P = ﬁ would be randomly

distributed evenly across a sphere.

8 | Journal of Science - Quy Nhon University, 2021, 15(3), 5-11
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2.3. Ray interruption

Sampling of rays was carried out on the basis
of physical light. In practice, however, a ray
can strike continuously until it runs out of
energy. That means one ray may be sampled
millions of times or more, which means it is
not practical to perform calculations. Moreover,
having collided too many times, its contribution
to radiation has also become very small. To
interrupt ray generation, we experimented with a
reflectance threshold value 7 € [0,1]. Thus, ifu > ¢,
the ray generation process will be interrupted.
In which, u is taken randomly according to
uniform distribution in [0,1]. The ¢ threshold
also corresponds to the fact that surfaces have
high light absorption capacity, when the amount
of reflected rays will be less than those with less
light absorption. In addition, to limit the number
of rays, we set a parameter of the ray interruption
limit, that is, the maximum number of reflections
possible of the rays in the rendered scene.

3. EXPERIMENT

The program was tested and installed on the
basis of Visual C++ 2015, with the support of
two open sources OpenCV?® and montelight-
cpp.’ The rendering process is performed purely
on the CPU. The test scene is designed based on
the Cornell box model and conducted on an Intel
Core i7-4510U 2.6GHz computer.

Figure 5. Rendering images from left to right of
different cases of spherical reflection: uniform
scattering, directional scattering, mirror reflection

We can easily see the difference between
the effects in Figure 5. In detail, the use of
directed scattering produces an intermediate
result compared with uniform scattering and
mirror reflection. This is quite understandable
and has been predefined from the theoretical
content. Next, we sample the light source point

sample in 3 described cases in Section 2.2. To
show how points are generated, we visualize
the sampling points. In which, 800 points were
sampled on a case by case basis described as
Figure 6.

Figure 6. Description of sampling random points on
a sphere in 3 cases: Case 1 in red, Case 2 in green,
Case 3 in blue

Obviously, the points focus more on the
pole in Case 1 when we randomly generate both
angles in a uniform distribution. In the other
two cases, the points are evenly distributed on
the surface of the sphere. To illustrate the effect
of 3 light point sampling strategies, we perform
image rendering with two cases where the light
source is a large sphere and the light source is a
small sphere. Result is described as Figure 7.

Figure 7. Rendering images according to 3 light

source sampling points: cases in order of 1, 2, 3 turn
from left to right and the top row is with a small light

source, the bottom row is a large light source

In the test, with each rendering, 50 rays
were sampled. It was found that there was no
clear difference in the influence of 3 light source
sampling cases for both small and large light
sources. Thus, although Case 1 is not really
random according to the uniform distribution of
the sphere, we can use it to get the same result.

In order to experiment with the ray
interruption, the threshold for generating reflected

https://doi.org/10.52111/qn;js.2021.15301
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rays is set individually between different objects
in the scene, while the ray interruption limit will
be fixed in the whole scene. We also performed
a run time comparison between ray break limits
with 128x128 image rendering test and 50-ray
sampling.

T titeet

R E T
Iwrmene

Figure 8. Diagram between ray interruption limit
and runtime

We observe Figure 8 to visualize the
relationship between the interrupt limit and run
time. There is a relatively clear time difference
between the ray interruption limits and the
change is almost linear in proportion to the ray
interruption limits. This is quite understandable
because the calculated volume is equivalent at
once taking rays at a point.

Figure 9. Images rendered with ray interruption
limits, respectively 1, 2, 3, 4

To visualize more clearly the effect of
ray interruption limits to rendered image, we
observe Figure 9. This is image results shown
corresponding to the different ray interruption
limits. With Level 1, the shadow areas are very
clear because the ray only reflects once, so in
addition to direct light from the light source,
there is no other source. Therefore, places
hidden from the direct light source will have no
light. In addition, with a limit of 2, the hidden
regions have secondary reflecting light, which
is no longer dark, but these must be higher
interruptions, mirror reflection and directional
scattering effects on surface of the two new
spherical balls is clearly shown.

https://doi.org/10.52111/qnjs.2021.15301

4. CONCLUSION

The paper presents a sampling technique for
displaying light according to the random ray
tracing approach to perform light synthesis
based on shading equations. Research simulating
light effects to express images with high fidelity
is one of the most interesting research issues
of virtual reality. This problem is even more
meaningful in terms of the field of virtual reality,
which becomes popular in the world in general
and in Vietnam in particular. The paper presents
a sampling technique for light display on a
random ray based on shading equations. These
are important initial research results for the team
to serve as the foundation for further studies in
the field of graphics and virtual reality.
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TOM TAT

Pong co khong dong bo tuyén tinh c6 mach tir hd nén tir thong khong lién tuc tir cuc nay dén cuc khac ma
n6 bi cit ra & doan dau va doan cudi lam tir truong trong dong co mét dbi xtmg ciing nhu dong dién xody trong
mach thir cip gdy ra sirc tir dong khong sin va goi 14 hiéu img diu cubi va dong xoay. Viéc ung dung loai dong co
nay trong thang méy ciing di dugc quan tam, tuy nhién dé thuc hién tt va phat trién loai mé hinh truyén dong nay
thi can c6 nén tang nghién ctu v& ddc tinh 1am viée cta dong co, dac biét 1a dac tinh dong. Bai bao dé cap dén vén
d@é nghién ctru dic tinh dong ciia dong co khong ddng bo tuyén tinh don bién ba pha ting dung trong thang may
trong cac truong hop khong mang tai, mang tai, tin sé thay dbi va ngudn dién mit déi xung. Phuong phap mo
phong trén phan mém Matlab duoc sir dung trong nghién ctru nay.

Tir khoa: Dong co khong dong bé tuyén tinh, truyén dong thang mdy cho khdch, mé hinh dong.
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ABSTRACT

Linear induction motor has open magnetic circuits, so the flux is discontinuous from one pole to the other

where it is cut off at the beginning and at the end, making the magnetic field in the motory asymmetric as well

as the eddy currents in the secondary circuit cause non-sinusoidal magneto-motive force and is called end effect

and eddy current. The application of this motor type in elevators has been of great interest, but to perform well

and develop this drive type, it is necessary to have a research background on the working characteristics of motor,

especially the dynamic characteristics. The paper deals with the study of dynamic characteristics of three-phase

single-side linear induction motor used in elevator in the no-load and loaded elevator, variation of frequency and

asymmetric power supply. The simulation method on Matlab software is used in this study.

Keywords: Linear induction motor, passenger elavator drives, dynamic model.

1. INTRODUCTION

Elevator is a specialized equipment to transport
of passengers, goods, materials, etc. in vertical
direction. The characteristics of transport
by elevator compared to other means of
transportation are the time of a small transport
cycle, large transportation frequency, continuous
opening and closing of the machine.

Structure diagram of elevator using linear
induction motor (LIM), drive winch with cable
sheave by friction is shown in Figure 1.! The
winch is located above the elevator shaftway
which run along the entire height of the building.
On the load-bearing structure along the elevator
shaftway, there are guide rails attached to the
counterbalance unit and the elevator cabin which
are hung on the two ends of the lifting cables
thanks to the suspension system. The suspension
system is intended to ensure that the individual

*Corresponding author.

Email: truongminhtan@gqnu.edu.vn
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lifting cables are of equal tension. The lifting
cable is squeezed through the cable grooves of
the friction pulley of the winch. When the LIM
operates, the towing winch operates, the friction
pulley rotates and transmits motion to the lifting
cable, the elevator cabin goes up or down on
the guide rails along the elevator shaftway,
LIM rests on guide rails along the length of the
secondary part.

Linear induction motor has open magnetic
circuits, so the flux is discontinuous from
one pole to the other where it is cut off at the
beginning and at the end, making the magnetic
field in the motor asymmetric as well as the
eddy currents in the secondary circuit cause
non-sinusoidal magneto-motive force and this is
called end effect and eddy current. In Figure 2,2
these effects are modeled and simulated on the
basis of mathematical model,’ and finite element
method 3D.°

14 | Journal of Science - Quy Nhon University, 2021, 15(3), 13-19
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The content of the paper presents a
dynamic model of a three-phase single-side linear
induction motor (SLIM) used in elevators taking
into account the components of end effects and
eddy currents, thereby surveying the thrust and
velocity responses when starting the system in
the cases of no-load, load-carrying, variation of
frequency and asymmetrical power supply. This
can be considered as the basic foundation for the
study of the SLIM to develop and implement
an appropriate control model. The simulation
method on Matlab software is used in this study.

Overhead

sheaves

Reaction
rail

Junction box
to controller

Traveling
cables to car

Counterweight
with LIM

Car and
counterwei ght

buffers

Figure 2. Flux density distribution inside the LIM

2.SLIM MODELTAKING INTOACCOUNT
THE COMPONENTS OF END EFFECT

AND EDDY CURRENT
Components reflect end effects:* L .(1-£())
I.R 1-e™
with &=-"" va = M
4 L /() :

When the SLIM is moving, in the
secondary side aluminum plate exists an eddy
current component and causes loss.

g
=R f(&)

21—8_

dez Rr '1/1

The characteristic component for this
loss is R .f($), and it is connected in series in the
magnetization branch as shown in Figure 3.

Ry Lo Lo
K Rf($)
U, ﬂl ’ D R,/s
Lno(1-/()

Figure 3. Equivalent circuit of LIM

On the o coordinate system. The dynamic
model of the SLIM is described as follows:

di T
= - —D'i, +Bv,, +—vCy,. + Au,,
dr v T Vs
di T
S,B _ . _
ks Dzsﬁ + By, . VO, + A,
dy ., . T
=Fi,—E'W,, ——Vy,
dt v T Vi
dy g T
—=Fi_,—EFy, +—vy,,
dt A Vs T v
3prw . .
F; = 55_"%5"(!:”}-9{ Esjg - !IV}'JB L5
dv
—=m(F,~ F)
! (3)
In there:

e L=L,f()
(L = L fEL, ~ L, ()~ (L, (1= ()

https://doi.org/10.52111/qnjs.2021.15302
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R.L,(1- /(&)
(L, =L, (&)
1
L= L fEL, ~L, )~ (L, (- F(E)’

oo L,0- £(£)
(L, = L fENAL, ~ L, f(E) = (L, (1~ f(E))

B = [Rr.f(gg)—%@ﬁ&f@))}

1
L =L, f(OML, ~L,f()~(L, (1= ()

Do Rl L f(E) + R(L, (=)
(L, -L,f(&)
1

Lo=L, fENL, - L, (&)~ (L, (1~ f(&))

R +R f(&)- 2’R’fL(€? i’” (; (_é)f ),

| RARSENL, (- Q)
(L~ L /@)

'

. LV _me(g)
(L= Ly fENAL, = L, f @)= (L, (1= [ )
R o  RARIE

E = ; E'=
L-L,.f(&) L-L,[f()
_R.L(A-/())

L-L,f()
_ R +Rf(E).L,(1-[(S))
F'= r r 'm —-R
L-L (& LS (&)
Thrust coefficient: k, = M )
L —-L,f(&)
Fe=m1./+nv+FL ®)

Ln=3Ln/2 Ly =Ly + Lo L =L+ Loy (6)

Here: R(R), L(L,) - resistance and
inductance primary
(secondary); L_(L_) - dissipation inductance of
primary (secondary) part; L - mutual inductance
between primary and secondary; L _ - maximum
mutual inductance between primary and

secondary; u_, u, 4 - components along the o and

components of the

https://doi.org/10.52111/qnjs.2021.15302

B axes of the voltage vector; i, i 4 - components
along the o and B axes of the current vector; y_,
Y, - components along the a and B axes of the
flux vector of secondary part; v — velocity of
primary part; F_ - electromagnetic thrust of the
motor; F, - load force; m - mass; n - coefficient

of friction; I- primary part length.

3. DYNAMIC CHARACTERISTICS OF
THREE-PHASE SINGLE-SIDE LINEAR
INDUCTIONMOTORUSED INELEVATOR

Simulation is performed on Simulink/Matlab
with the parameters of the SLIM applied
in the elevator:” Rated line voltage 400 V;
I,.=201.6 A; F =16 kN; f = 50 Hz; velocity
10 m/s; a = 2 m/s?, total weight of cabin and
bearing m_, .
one cabin 5 and average weight of each passenger
75kg;s, =10%; R =0.00356 Q;R =0.2055 Q;
X, =0.1371 Q; X _=1.1795 Q.

=500 kg; Number of passenger in

3.1. In case of no-load:

The primary or stator moves along the secondary
of a SLIM and no-load (cabin, passenger), the
thrust, velocity, stator current responses as
shown in Figures 4 and 5. The obtained results
show that factors such as end effects and eddy
currents have a great influence on the dynamic
characteristics of the SLIM. The maximum
transient thrust value in the case of the end effect
and eddy current is only 58 kN (decreased
by 4.13%) and the maximum thrust value is
18 kN (decreased by 12.19%) compared to not
considered. The value of the maximum current
amplitude in the first cycle is slightly changed.
Start-up time is longer.

1104
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Figure 4. Thrust response a) velocity b) stator current
¢) at no-load in the absence of end effect and eddy

current
xio?
] T T
| i
4 : ;
g 3 | £ S -4
2 | A ] ;
= 1..&4?.. \ e
213, F i i 1 r L L L 1
] 0.1 02 63 a4 05 06 0.7 0s 09 1
Time (5}
a)
12
10 /r\\/—-uu————c_—_.—-
E
S ST R R N R _
2
B kel e '
/
al he 4
o L i i i i L I I i
6 61 02 03 B4 b5 D6 07 DE 09 1
Time (5)

0 01 02 03 04 05 06 07 08 09 1
Time (s)

Figure 5. Thrust response a) velocity b) stator current
¢) at no load in the case of end effect and eddy current

During the operation of SLIM, end
effect and eddy currents phenomena always
occur simultaneously, causing synergistic
effects on dynamic characteristics. Therefore,
the investigation of the characteristics in the
following cases is carried out on the model that
takes this phenomenon into account.

3.2. In case of load-carrying:

The primary part moves along the secondary
and the full load (cabin and passenger) and load
57.14% (cabin and no passenger).

When starting the SLIM with a large load,
the start-up time is prolonged. For example,
the starting time at full load is 0.7 s which is
larger than 0.3 s with load 57.14%. Note that
starting the SLIM with a large load will be very
difficult, even if it doesn't start, the load force
of the elevator belongs to the type of energy of
potential force, the motor can be pulled back at
the moment the force reaches its minimum value.
The maximum transient thrust value as well as
the maximum thrust value are not changed when
changing the load force.
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Figure 6. Thrust response a) velocity b) stator current
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Figure 7. Thrust response a) velocity b) at load 57,14%

3.3. In case of power supply frequency
reduced by 1%:

Investigate the dynamic characteristics of the
motor in case the power supply frequency is

https://doi.org/10.52111/qnjs.2021.15302

reduced by 1% (49.5 Hz) compared to the 50 Hz
power frequency as shown in Figure 8. The speed
of the motor is reduced, the maximum transient
force value in this case is 61 kN (increase of
3.28%) and the maximum thrust value is 20.5 kN
(increase of 4.88%) compared to the case of
Figure 6 (59kN and 19.5kN) this can be explained
that the effect of end effectphenomenon in the
SLIM is also reduced in the working area of
lower speed.

Velocity (m/s)

1] 0.1 G2 0.3 04 0.3 0.6 0.7 0% 0.9 1
Time {3)

b)
Figure 8. Thrust response a) velocity b) at full load
and power supply frequency reduced by 1%

3.4. In case of asymmetrical power supply:

Considering another case related to the
symmetry of the power supply for the motor,
the phase A voltage is reduced by 5% compared
to the remaining 2 phase voltage. The results in
Figure 8 shows that the current in phase A has
a larger amplitude than the other two phases,
the start up time is extended to 0.8 s and the
thrust and speed response fluctuate at steady
state, which can cause “jerk” when operating
the elevator system.
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Figure 9. Thrust response a) velocity b) stator current
c) at full load and asymmetrical power supply

4. CONCLUSION

- End effect and eddy current in the SLIM
have a certain influence on the working state of
the motor, reduce the magnitude of the thrust,
and change the shape of the dynamic thrust
characteristics single - side linear induction motor.

- The dynamic characteristics of the SLIM
are considered in the following cases: no load,
low load, full load, variable frequency, and
asymmetrical voltage source. The results show

that the dynamic characteristics change with the
changes of the working state of the motor.

- The issue of using a SLIM for the
passenger elevator drive system has opened up
the prospect for the application of this motor
to loads of potential energy nature. The system
attains the criteria of velocity, fast response time
as well as safety requirements when operating.

- In present practice, the motor velocity
regulation is usually combined with the inverter,
and the dynamic characteristics of the motor in
this case need to be further studied.
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Van hanh tdi uu hé théng nang ludgng (dién - gas)
c6 xét dén nang lugng mat trdi, gioé va hé théng tich tri
trén co s6 mo hinh Energy Hub
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TOM TAT

Trong bai bao nay, trung tim ning luong (Energy Hub) dugc xem nhu 1a mot siéu nut két ndi giita dién
nang, khi tu nhién, mit troi va gio; sau d6 théng qua cac thiét bi chuyén déi va hé thdng tich trit ning lugng dé dap
{ng nhu cau str dung dién, nhiét, va lam mét cta phu tai. Ngon ngit 1ap trinh bic cao GAMS dugc sir dung dé giai
quyét van d& van hanh t6i wvu mang nang lugng (Energy Network - EN) v6i ham muc tiéu tong chi phi sir dung ning
lugng va phét thai nha kinh (NO,, SO, va CO,) nho nhat. Anh hudng ctia ngudn nang luong phan tén, hé théng tich
trit dén hiéu qua van hanh EN duogc danh gia thong qua 04 kich ban van hanh khac nhau. So sanh véi hinh thirc
cung cAp nang lugng dién truyén thng, két qua tinh toan cho thiy mé hinh dé xuét da lam thay d6i dang ké duong
dac tinh nang luong dién va khi ty nhién mua tir hé théng; tang hiéu qua khai thac va st dung tdi wu nang lugng
s0 voi hinh thirc cung cép ning luong chi sir dung duy nhét mot dang ning luong dién.

T kKhéa: Khi tir nhién, dién ning, mang ndng lwong, van hanh téi wu, hé thong tich trir.

*Tdc gia lién hé chinh.
Email: tunganh@tnut.edu.vn
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ABSTRACT

In this paper, the Energy Hub (EH) is considered as a super-node connecting different forms of energy

including electricity, natural gas, solar energy, and wind energy; then through conversion equipment and energy

storage systems meets the demand for electricity, heat, and cooling of small loads. GAMS is used to solve the

optimal operation problem of Energy Network (EN) with the objective of minimizing the cost of energy and

greenhouse emission (NO,, SO, and CO,). The effect of distributed energy, and energy storage systems on the

performance of EN is assessed through four different operating scenarios. Compared to traditional electricity

supply, the results showed that EN dramatically changed the characteristics of electricity consumption line chart

and natural gas purchased from the system; thus, increasing efficiency and optimal use of energy compared to the

conventional architecture of using a single energy source.

Keywords: Natural gas, electricity, energy network, Optimal operation, Energy storages.

1. INTRODUCTION

Depletion of energy resources and pressure of
environmental pollution are two big problems
for scientists. Nowadays, instead of using single
energy systems,' combined energy systems are
receiving strong attention.>® The introduction of
Energy Network (EN) concept*® is considered
a breakthrough to improve reliability, reduce
pollution and encourage the development of
energy systems. It also improves stability, and
achieve the goal of economical and efficient use
of energy.

Energy hub (EH)' is a model that has
attracted the attention of researchers. EH is
considered a multi-purpose system that combines

*Corresponding author.
Email: tunganh@tnut.edu.vn

https://doi.org/10.52111/qnjs.2021.15303

capacity and load through a converter system.”*
Studies™!' address the problems of combining
different energy forms through this model. In
general, EH allows optimal connectivity between
types of energy, considering storage devices,
distribution sources, electric vehicles, etc.

Along with the establishment and
development of EN and EH, renewable energy
and energy storage technology are two solutions
that continue to be researched and developed
exstensively to confront increasing pressure
from society's demand. The traditional form of
energy distribution through the electricity system
has proved significant efficiency of these two
groups in terms of operation and energy saving.'
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The evaluation of the efficiency of renewable
energy and Energy Storage System (ESS) to
the independent EH optimal operation problem
was introduced in studies.'*'> However, for the
EN model constructed from several EHs, their
role and impacts have not been fully addressed.
The operation problem has only been solved
on the side of calculating the optimal capacity
among EHs without calculating and comparing
the efficiency between the energy network
(electricity, heat, natural gas...) and traditional
power network.

In large areas, the EN has to supply a lot
of loads. As a result, many EHs are connected
on a large scale by distribution networks to
provide energy to consumers. This paper focuses
on solving the following three problems:
(1) Simultaneously analyse operational cost
optimization problems in EH-using networks
and the use of renewable resources in storage
and distribution networks,; (2) Ensure optimal
network operation in all situations by considering
the operational parameters and energy losses
of both electricity and natural gas distribution
networks; (3) Assess the impact of energy
sources and storage devices on EN performance
by comparing system energy consumption and
emissions across four operating scenarios.

The 22 kV distribution grid with 6 load
nodes is the basis for the formation of EN.
four scenarios considered include independent
network operation and optimal operation of
EN with the participation of solar, wind and
ESS energy. The approach and solution to the
problem are as follows: The energy center model
(including concept, structure, mathematical
description), energy balance problem and EN
system structure will be introduced in part 2. Part
3 develops an optimal operation problem for EN
with the objective function of minimizing energy
costs and emission costs (SO,, NO, and CO,).
Part 4 addresses the optimal operation problem
using GAMS. Micro Energy Networks (MEN)
optimization problem is considered with four
different configurations to simultaneously meet
the heat, electricity and cooling needs of 6 load

nodes. The conclusion and suggestion for further
research are presented in section 5.

2. ENERGY HUB & ENERGY NETWORK
2.1. M6 hinh EH

The concept and structure of EH were introduced
in study.'® In general, EH is considered a node
in an energy network with multiple inputs and
outputs. The energy centers are described in
Figure 1. In which, P, L denote the input and
output energy of the respective energy forms.
The EH model is used with n converters
corresponding to efficiency 7/, #2... to .

————————————————————————

EH model

A Conversion device 1 :
: Efficiency 7, ¥ a

Conversion device 2
Efficiency 7,

E Conversion device 3 | | E
' Efficiency 7, .

Conversion device n
' Efficiency 7, '
1 1

________________________

Figure 1. General structure of EH
2.2. Energy Network model

EN is an extensive definition of the power grid
that combines natural gas and other forms of
energy (Figure 2). Its advantages are (1) Promote
applications of new and renewable energy
sources; (2) Lower energy costs, emissions and
load peaks while flexibly responding to load
diversity; (3) Promote diversified and sustainable
development of energy technology.

|
l
l
Electricity !
network :
1
' |
|
' |
1 .
Renewable ! Micro energy :
energy ! network "
l
1
N l
H |
' |
|
Natural |
Natural gas — :el:\rn?orgka s |
1
|
1
N l

Figure 2. General structure of EN

Energy hub 2

Energy hubs

Energy hub 3
Energy hub n
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With the mentioned advantages, the
research analyzes and proposes a model
consisting of several EHs to link the electricity
and natural gas networks with the structure as
shown in Figure 2.

The power distribution of the power
network can be through the basic node power
balance equation:

o, :Q£,+V,.ZV G, 080, + B, sin0, )
j=i

n (1
P, = P04V, > V,(G, 080, + B, sin6,)

In which PEG, (), le represent active and
reactive power of the generator flows into the
i-th node; PD (1), QE, represent the active and

reactive power of the electrical load at node i.
V, V, are the voltage values at node i and node ;.
G, By, and 0, are the active inductance,
reactive inductance of the conductor, and phase
difference from node i to j respectively. n_ is the
number of nodes in the power network.

The natural gas network is supplied from
gas plants or natural gas supply companies
through pipelines, compressors and valve
systems. The air flow in the gas line can be
calculated according to the document:!'”-!8

1} =kysign(p.p )sign(p..p;)(p7 - P}) @

Where, they are the natural gas flow rate
and the coefficient of gas pipes from point i to j,
respectively, p;, p; are the gas pressure at points
iand j, respectively.

In the above Equation (2), sign(p, p))
represents the flow direction in the gas pipeline.
The specific value is determined by Formula (3)
as follows:

' +1, if p, > p,
Slgn(pi,pj)={ ’

3)
—1, else

Natural gas flow can be calculated based
on the gas flow in the pipeline and the Gross
Heating Value (GHV) of the gas according to the
expression:

https://doi.org/10.52111/qnjs.2021.15303

L
Pl =GHV x f!

; @)

F;; =GHV x f1J
Where, PGLJj, PGC’U. are the capacity of
natural gas and pump pressure from point i

to point j, respectively; Kf]

constant; fiJ is the natural gas flow from point i

to j; fij is the pressure pump loss from point i

is the compressor

to j. Then the gas balance equation is written as
mathematical formula (5) as follows:

F =PGD,i+ZPGC,ij+ZPGL,ij ®)

P is the capacity of natural gas flowing
into pomt i P . 1s the natural gas power consumed
at point i. ng is the number of nodes of the natural
gas network.

3. OPTIMAL MODEL
3.1. Proposed EH model

This study proposes an EN model as shown
in Figure 3. EN is formed on the basis of a
distribution grid (voltage level 22 kV), scale
to meet the demand for electricity, heat and
cool energy for 06 nodes load. The natural gas
network and the electricity network are connected
through EHs. Within the scope of the research
model, applications from solar energy (can be
exploited in the form of electricity through the
solar thermal system and electricity through the
photovoltaic battery system), wind power and
electric ESS, heat, and cool are provided in the
EH hubs. The energy storage system plays the
role of storing and transmitting according to the
optimal operating mode of MEN.

6
Micro grid

/Electricity

Natural Gas

J\_Q/

.

Heat demand —»
Cood demand —»
Electrical demand —»

- PV Photovoltaic l A
WE Windpoer [wns |
SHE Solar heat exchanger

Figure 3. Proposed EN model
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3.2. EH structure

A general EH structure consisting of 12 devices is
proposed in Figure 4. In which, the source group
includes: electricity distribution system, natural
gas system, distributed source (wind energy
and solar energy); The group of conversion
equipment includes: voltage transformer, Micro
turbine (MT), Air Conditioned (AC), Gas boiler
(GB), Absorption Chiller (ACh), solar heat
exchanger (SHE) and Electric heater (EHe).
The group of storage systems includes: Energy
storage devices (Energy storage ES), thermal
storage devices (Thermal Storage TS) and Ice
storage-1S. Energy demand includes electricity,
heat and cooling loads.

L, =[P, o +

ge.n

X

L, 0= (P, (nl +P
+
+P.) (1)

;( (1' Vach.n (t)) (PI-(Ii:n

()= Pis

L, ()

3.3. Mathematical model
3.3.1. Objective function

The optimal operation problem EN with the
proposed objective function is the total cost of
energy (the cost of purchasing electricity and
natural gas from the system and the total cost of
CO,, SO,, and NO, emissions of the MT and GB
equipment for a period of 1 day (24 hours)) is
the smallest:

24

Min Z{Pz

t=1

060 4R, 00 +C +Cy | )

B (W, (O + P

ES,;n

P (O (v, (0 +(1- Vi, ()10 ) +BS (1)) +

> OV, (O, + P (1) + e

(l—vEHen(t))(l—vACn(t)) (B

HS.n

(PO (vaam it (10, 1 4R (1)) +

(P, (On, + P (OVyer, (Ol + P (0)+ P (1))
P onl,+ Py (Ve (72
(1= D)V e, (15 +( RS,

PV
Solar—p{ ﬁ PV Photovoltaic
P T Transformers
P T @ o 1O N WP Wind power
wrl_, e + Txc MT Micro turbine
ind— . AC GB Gas boiler
R: EHe Electric heater
o > AC  Air-conditioned
MT ACh Absorption chiller
}?‘"’_» ”’ p ES Electricity storage
h TS Thermal storage
1-o,] 6B IS lce storage
Input Output SHE Solar heat exchanger
L o
|

— Electricity flow
— Cooling flow

— Heating flow ~ ——# Solar energy
—® Natural gas flow —— Wind power

Figure 4. EH model structure

The relationship between input/output
energy of the general EH model at the nh node is
rewritten as mathematical formula (6).

(O +P (0]

(0-P2, (1))

ES;n

h n VEHe n (t)

()

ACh

EHe ACh n'lhn

MV
)+ P (1) + P (z)} ‘
L H0)

CS,n

EHe,n (t)

()~
(6)

=(izcemEFM:T<t>)

n=l em

(ﬁZc EF;B%?(t))

n=l em

In Eq (7), &0, A (@0,

total energy includmg electrlclty and natural gas
purchased from the respective external system at
time #; EFM", EF”

em ?

MT and GB, respectively.

5, (1) are the

are the emission factors of

3.3.2. Mathematical constraints
a. Transmission power limit

System limitations include limits on active

https://doi.org/10.52111/qnjs.2021.15303
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power, reactive power and node voltage in the
grid. The pressure and compression ratio in the
natural gas network are as follows:

min max

Do S Py <Dy
pV™ <pV < p
P.OJ™ < PO, <P,OI™
)
b. Technical limits of EH

The constraint of energy balance for the
corresponding EH at the n node is introduced
in part 2 by the mathematical Formula (6). Other
constraints include: Limiting the input power of
electricity and natural gas at the n™ center; the
mathematical formula (9) expresses the transition
limits for AC, MT, ACh and EHe according to the

state variable v,., (%), Vyr, (0, Vachn (0 Vepe, ()
at time t of the n-th center respectively.

{O‘Ac(t), Ouir (1) Oy (1), O (1) € [0’ 1]

Pe-g,n (t) < Pe":z (9)

c. Energy Storage System - ESS

The system of energy storage devices in EN uses
three types of storage devices simultaneously:
ES, TS, and IS respectively at the nth EH.
Primarily, the principle of discharge and its
effects are the same. Considering each nth EH at
the t-th hour of the day, the energy storage system
is investigated through the charging process and

. ES,TS,CS-loss
the corresponding energy loss factor Pepen :

’/’Eg’.dTig,ls (DR Ecgf%isils wm(O>0sy Eg.Ts,Is w0 =1
v giSS.TS,IS o0+ W]S:g.TS,IS m @0 =1
l//giss.Ts,ls (O xy gé.TS,IS m@=0

0 < pehdis (< pehdis-Max

ES,HS,CS (n ES,HS,CS (1)

ES,TS,CS—loss (,n __ES,TS,CS-loss pES,HS,CS
Foe ) (D=Peneon Lenem (@)

ESHS,CS-Min _ pESHS.CS ES,HS CS-Max
Pohe ) SPiew) O<Fiw

ESHS,CS /1 _ pES.HS,CS h
Py (O=Pepzy =D+ Pes s cs () (1)

di I
= Pigus.cs o (O = Peshis.cs () (1)
(10)

Constraint on energy balance in calculation
cycle T=24 hours (due to the characteristic of
discharge power that often repeats on a 1-day
cycle):

https://doi.org/10.52111/qnjs.2021.15303

R (0) =Rz ™ (D (1D
d. Energy price

Energy price including electricity and gas prices
is the determining factor of the objective function
(9). Where the price of natural gas is constant'®
introduced in Expression (12). The electricity
tariff is determined according to the Time-Of-
Use (TOU) tariff."”

(1) =const [$/kWh] (12)

4. CALCULATION RESULTS

Four different operating scenarios (OS) for EN
are proposed in Table 2 to assess the role and
impact of renewable energy (solar and wind) and
ESS on model performance as follows:

Table 1. Operating scenarios

0S Electricity |Natural gas| Solar |ESS (ES,
network | network wind |HS, CS)
1 %
2 Y Y
3 v v y
4 v v %

4.1. Calculation data

The parameters for EN are as follows: the
limited power from the power system through
the transformer is 20 MVA, the rated voltage is
22 kV. The allowable voltage is [0.9-1.1]. The
natural gas system has a nominal capacity of 20
MW for EN. The base pressure of the natural gas
network is 10 bar.

4.1.1. Load data

Load parameters including power, heat and

cooling demand based on”® are as follows:
il
" st A

o
#/ Demands for electricity in a single day.

4
3.5
3
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o
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Real-time energy prices are shown in Figure 6,
where electricity prices are determined according
to the TOU tariff'” while natural gas prices are
assumed to be constant:!'®

Laad (MW)

b/ Pemands for heat in a single day.

=

HEHl BEH2 BEHI MEHE BEMS W EHG

Lubili WI

¢/ Demands for coolliig energy in a single day.

Load (MW)

ook Bl oe Nk

Figure 5. Demand for energy consumption

4.1.2. Energy price

16

il

24
Figure 6. Prices of electricity and natural gas
4.1.3. System parameters

The parameters of 06 HubEH are presented in
Table 2, the parameters of electricity and natural
gas networks in Table 3:

Table 2. EH parameters
MT HS-max -
ﬂ;l“ ge #;ﬁT Ph ma p}Il-IS, loss #lII{S
(MWh) | (mw) | (MW)
0.95 04 0.5 4.2 0.02 0.96
Péisis-max PeES-min PCES-max 77}]151:3 pEcg-max P%—max
(MW) | (MW) | (MWh) (MW) (MW)
0.45 0.05 4.2 0.90 0.45 0.45
ACh AC - ch-max
ﬂ}? B My He pf Sloss | g™ | B™
(MW)
0.9 0.85 0.8 0.02 0.93 0.45

Table 3. Parameters of Electricity and Natural Gas

Networks
Fuel gas
Electricity network heating
value
Line Ry X B, L k

Q) Q) | 1078 km
1-2 | 0.096 | 0.108 | 0.130 | 1.2 7
2-3 | 0.072 | 0.081 | 0.0972 | 0.9 9
1-4 0.12 | 0.135 | 0.162 | 1.5 6
8
5

4-5 | 0.084 | 0.0945| 0.1134 | 1.5
1-6 | 0.144 | 0.162 | 0.1944 | 1.8

4.1.4. Distributed sources

The distribution characteristics of PV, SHE and
WP in a typical day are shown in Figure 7.

06 WSHE WPV B PW
05

il

Figure 7. Transmit power of distributed sources

o
b

Output energy (MW)

Time - howurs

4.2. Optimal calculation results

The GAMS (MINOS) programming language'”
is used to compute the EN optimization with
the objective function (7) and the constraints
from (1) to (12). Calculation results for optimal
operation with four different scenarios are
presented in Table 4.

The results of optimal calculation of input
energy in four scenarios are shown in Figure 8.

W Electrical W Gas

15
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N
1]
o 5 10 15 20

a/ 081 Time (hour)

Energy input (MW)
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Figure 8. Electric and natural gas energy (input) in
4 OSs

The above results show that: The
combination of several EHs forms an EN
structure (including solar, wind and ESS) that
responds appropriately and flexibly to the
diversity of loads. The optimal results show
that the optimal model can respond to changes
in electricity prices and surcharges; at the same
time, it allows the adjustment of renewable
energy sources according to time and season.

Table 4. Costs comparison among 4 OSs

Calculation

OS1 | OS2 | OS3 | 0S4
results

Total operation

cost ($/day) 52653 | 38297 | 34335 | 33782

Total operation

cost ($/day) 8.48 521 | 442 | 3.38

Total operation

cost (S/day) 857 721 615 528

Total operation

cost (§/day) 0 799 688 589

https://doi.org/10.52111/qnjs.2021.15303

The comparison of four different EN
scenarios clarified the role and impact of ESS,
solar and wind on model performance by reducing
the total cost categories (Table 4): operation, loss
and pollution. In particular, if we compare OS
4 with OS 1, the total operating cost of OS 4 is
reduced by 35.84%, the total loss is reduced by
60.14%; Therefore, cutting electricity demand
during peak hours will help improve the urgent
need for upgrading and renovating the power
network.

The additional investment costs for the
natural gas, PV, SHE and wind turbine networks
are quite high but will be offset by EN's cost-
effective performance. The results demonstrate
that the proposed EN model contributes
significantly to the study of future multi-energy
systems that integrate renewable energy and
energy storage systems.

5. CONCLUSION

Based on the energy center model, this research
proposes the optimal operation between the
power system and the natural gas network with
the integration of solar, wind and energy storage
systems.

The research analyzed the energy
consumption of the whole system and emissions
through four operating scenarios to assess the
impact of distributed energy sources, energy
storage devices on the performance of EN.
Compared with the operation of the traditional
grid model, the proposed model has significant
advantages and provides a theoretical foundation
for optimizing the operation of a system
integrating various energy forms.

The results show that the EH structure in
the energy network has a significant influence
on operational efficiency. Therefore, further
research is required on the optimal operation
strategy for each EH and the optimization of the
EH structure within the entire energy network.
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TOM TAT

Bai bao nay phan tich Iy thuyét tinh toan d6 bén cu kién bétong cdt thép chiu uén - xoin dong thoi
theo Tiéu chudn TCVN 5574:2018. Tir d6 dé xuat mot quy trinh tinh toan do bén ciia dim bétdng cot thép chiu
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thép chiu uén — xodn dong thoi.
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ABSTRACT

This paper analyzes the theory of calculating the strength of reinforced concrete members subject
to combined bending and torsion by the TCVN 5574:2018 standard. And a strength design process of
reinforced concrete beams under combined bending and torsion based on the current standard of Viet
Nam will be offered, which helps construction engineers’ design easier.

Keywords: Reinforced concrete beams, strength design process for members under combined bending

and torsion, reinforced concrete beams under bending and torsion.

1. INTRODUCTION

In reinforced concrete structures, there are
almost no members under pure torsion, but
members under combined bending and torsion
are quite common. For example, balcony support
beams, side beams, etc. are members where the
force acting on them is not in the plane passing
through their longitudinal axis.

The torsional bearing capacity of
reinforced concrete structures is much worse
than their bending bearing capacity. Therefore,
in many cases, although the value of the torsional
moment is not great, it has a significant influence
and causes the appearance of cracks. In the
design of reinforced concrete members should
avoid or reduce the torsional moment as much
as possible.'?

Section 8.1.4 of TCVN 5574:2018
standard presents principles of strength design
of reinforced concrete members for torsional

*Corresponding author.
Email: ptlan@ftt.edu.vn

https://doi.org/10.52111/qnjs.2021.15304

moments. This article will base on these
principles to develop a process to apply in the
design of reinforced concrete members under
combined bending and torsion.

2. STRENGTH DESIGN OF REINFORCED
CONCRETE MEMBERS WITH
RECTANGULAR CROSS-SECTION FOR
COMBINED TORSIONAL AND BENDING
MOMENTS BASED ON TCVN 5574:2018
STANDARD

2.1. Basic provisions

Strength design of reinforced concrete members
with rectangular cross-section for torsional
moments is performed based on model of spatial
sections. In the design based on model of spatial
sections, we should consider sections formed by
inclined lines, passing on three tensile sides of a
member, and closing line passing on the fourth
compressive side.
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The design of reinforced concrete members
for torsional moments is performed with regard
to strength of spatial sections and a member
between them. Concrete strength between spatial
sections is characterized by maximum values of
torsional moment which is determined by axial
tensile resistance of concrete considering stress
state in concrete between spatial sections.

Analysis of spatial sections is performed
based on equilibrium expressions of all internal
and external forces about an axis in the centre
of the compression zone of the spatial section.
Internal moments include moment which is
sustained by rebars passing along the member
axis; by rebars passing across the member
axis, crossing the spatial section and placed
in the compression zone of the spatial section
and at the tension member side opposite to the
compression zone of the spatial section. Then
internal forces sustained by reinforcement are
determined corresponding to design values of
tensile resistance of longitudinal and transverse
reinforcement.

In the design, we should consider all
positions of a spatial section with compression
zone at bottom, lateral and top sides of a member.
Analysis for combined torsional and bending
moments, as well as torsional and shear forces is
performed according to equilibrium expressions
between the resppective force factors.

2.2. Strength design of reinforced concrete
members for combined torsional and bending
moments

Section 8.1.4.3 of TCVN 5574:2018 standard
shows that the design of members under
combined bending and torsion should comply
with the following two conditions:

2.2.1. Condition on the strength of a member
between spatial sections

Strength design of a member between spatial
sections should comply with the condition (1):?

T<0.1R hb? (M

Where :

T : Torsional moment due to external
loads in the normal section of a member.

R,: Design axial compressive resistance
of concrete for first group limit states.

b, h: Dimensions of a cross-section (b <h).

2.2.2. Condition on the strength of spatial
sections

Scheme of forces at the design of a spatial section
for torsional moments is shown in Figure 1.

a)

%

b)

%

Figure 1. Scheme of forces at the design of a spatial
section for torsional moments
a) Tensile reinforcement at bottom side; b) Tensile

reinforcement at lateral side

Strength design of a spatial section is
performed according to the condition (2):?

2
M
T<T,,1-|] — 2
S >
Where :
T: Torsional moment due to external load
in a spatial section;

https://doi.org/10.52111/qnjs.2021.15304
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T, Torsional moment due to external

load in a spatial section;

M: Bending moment due to external load
in a normal section;

M,: Ultimate bending moment sustained
by a normal section.

For design of combined torsional and
bending moments, the spatial section with tensile
reinforcement should be considered, when
tensile reinforcement is located at the tensile side
due to the bending moment, that is at the side
normal to the plane of bending moment.

Torsional moment T due to external load
is determined in a normal section located in the
middle of the projection length C along the
longitudinal axis of a member. Bending moment
M due to external load is determined in a normal
section as well.

moment T s

Ultimate  torsional )

determined by the formula:
T,=T +T 3)
Where:

T _: Torsional moment sustained by
reinforcement with a spatial section in cross
direction with respect to the axis of a member:

T =09N_Z, 4)

T: Torsional moment sustained by
reinforcement with a spatial section in
longitudinal direction:

z
T, = 0.9N Elz2 Q)

N_: Force in reinforcement located in
cross direction:

Nsw - qsw,lcsw (6)
q,,,: Force in this reinforcement per unit
length of a member:

R WA w,1
qSW,l — & (7)

Sw

A sectional area of reinforcement in

the cross direction;

https://doi.org/10.52111/qnjs.2021.15304

s, - Spacing of reinforcement in the cross
direction;

C,, : Projection length of the tensile side

of a spatial section on the longitudinal axis of a
member:

C_=38C (3

6 - Coefficient considering ratio of cross-
section dimensions:

Z

0= ———
27,+7, ©)

C - Projection length of the compressive
side of a spatial section on the longitudinal axis
of a member;

N_: Force in longitudinal reinforcement in
the referred side:

N,=RA, (10)

A, ;: Sectional area of longitudinal

reinforcement in the referred side;

Z, and Z,: length of the cross-sectional
side at the referred tensile side and the length of
another cross-sectional side (Figure 1).

Note:

+ The ratio @ should comply with the
condition:

Z
= dwit s (11)

0.5< = <
P RsAs,l

In case exceeds the stated values, the
design should consider reinforcement (A and
A_ ) within the stated values.

+ The design is performed for spatial
sections located along the length of a member
at the most critical projection length of a spatial
section C on the longitudinal axis. C is determined
by the method of iterative approximation,
calculate the derivative of the second member of
condition (3) according to C and then assumed
equal to 0.

e \/RSAS’I (22, +7,)

qsw,l

(12)
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And C should comply with the condition:

27, +7,
< 13
7,218 (13)
Ultimate bending moment M, is

determined by the problem of checking the load
bearing capacity of the bending members. The
steps to calculate M, of rectangular cross-section
with single reinforcement are done as follows:'-*

RSAS

Calculate: E_,=m (14)
= a, =§(1-0.5¢) (15)
= M, = o,RyZ (Z, —a)’ (16)

2.3. Strength design of reinforced concrete
members for combined torsional and shear
force

Section 8.1.4.4 of TCVN 5574:2018 standard
shows thatthe design of members under combined
torsional moment and shear force should comply
with the following two conditions:

2.3.1. Condition on the strength of a member
between spatial sections

Strength design of a member between spatial
sections should comply with the condition (17):3

T<T, (I—QQJ (17)

0
Where :

T : Torsional moment due to external load
in a normal section;

T, Torsional moment sustained by a
member between spatial sections and assumed
equal to:

T,=0.1R hb? (18)
Q: Shear force due to external load in the

same normal section;

Q,: Ultimate shear force sustained by
concrete between inclined sections and assumed
equal to:

Q,=0.3R,bh, (19)

2.3.2. Condlition on the strength of spatial sections

- Strength design of a spatial section is
performed according to (17) with the following
values:

T: Torsional moment due to external load
in a spatial section;

T,: Torsional moment sustained by a
spatial section;

Q: Shear force in an inclined section;

Q,: Ultimate shear force sustained by an
inclined section.

- In the design for combined torsional
moment and shear force, the spatial section with
tensile reinforcement should be considered,
when tensile reinforcement is located at one
tensile side due to shear force, that is at the side
parallel to the plane of shear force.

- Torsional moment T due to external load
is determined in a normal section located in the
middle of the projection length C along the
longitudinal axis of a member. Shear force Q
due to external load is determined in the normal
section as well.

- Ultimate torsional moment T, is
determined according to the formula (3).

- Ultimate shear force Q, is determined
according to the formula (20):'

Q,=Q,+Q, (20)

Where Q_ , Q, : shear force sustained by
transverse reinforcement and concrete:

Q,,=0.75¢ C 21

Where C’ should comply with the
condition: h < C’<2h,

R, A
qsw — SW SW (22)

S
Q, is determined as follows:

If g > 0.25R, b, Q, is determined by the
formula:
3 1.5R, bh]

e (23)

Q,

https://doi.org/10.52111/qnjs.2021.15304
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If q < 0.25R, b, Q, is determined by the
formula:

64, hg
Q=—72r (24)
Where 0.5R, bh) <Q, <2.5R, bh, (or 0.6h,
<C’<3h).

C’ is the most critical projection length
of a spatial. C’ is determined by the method of
iterative approximation, calculate the derivative
of'the second member of condition (20) according
to C’ and then assumed equal to 0.

2
= C'= ’—Zqutbho (25)

2.4. The strength design process of reinforced
concrete beams under combined bending and
torsion

Problem in words: known M, T, Q, b, h, R ,
R, R, R, R, &, . Requirement: calculate and
arrange the reinforcement.

sw?

Perform the following steps:

Use the problem: calculate the longitudinal
reinforcement support bending moment M:?

1. Assumea=>hy=h-a

M

2. Calculate oy Ol =———5

(26)

3. Calculate &:

&zl—«}l—2ocm <&r 27

4. Calculate area of tensile reinforcement section:

_ &.:Rbbho

A R

(28)

N

5. Select and reinforce the longitudinal
reinforcement = the actual value of'a, a’, h (A’
provided by structural requirements).

Use the problem: calculate the transverse
reinforcement support shear force Q = A_,s.’:

6. Select the transverse reinforcement according
to the conditions:

- (0g= 6 mm

https://doi.org/10.52111/qnjs.2021.15304

RSW ASW
Qe = ——— (29)
S
Ry, bhé
max Q
- §<:0.5h, (30)
300 mm

7. Check the condition:
Q=Q, (31
Where: Q, is determined according to (20)

If the condition (31) is not satisfied,
reselect the transverse reinforcement according
to step 6 until the condition (31) is satisfied, then
move to step 8.

Design for combined torsional moment
(T) and bending moment (M):

8. Check the condition (1).

If the condition (1) is not satisfied, increase
the cross-sectional size (b, h) or increase the grade
of compressive strength of concrete (B) until the
condition (1) is satisfied, then go to step 9.

9. Check the condition (11), where: Z =b; Z,=h
and As,l, ASW’1 are tensile reinforcement at bottom
side b (Figure 1a).

If the condition (11) is not satisfied, adjust
A, A,,, into the design until the condition (11)
is satisfied, then move to step 10.

10. Calculate C according to formula (12).
11. Calculate ¢ according to formula (9).
12. Calculate C_ according to formula (8).
13. Calculate N_ according to formula (6).
14. Calculate T  according to formula (4).
15. Calculate N_according to formula (10).
16. Calculate T _according to formula (5).
17. Calculate T according to formula (3).
18. Calculate & according to formula (14).

19. Calculate o, according to formula (15).
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20. Calculate M according to formula (16).
21. Check the condition (2).

If the condition (2) is not satisfied, increase
the cross-sectional size (b, h) orincrease longitudinal
reinforcement, transverse reinforcement and then
repeat steps from 9 to 21 until the condition (2) is
satisfied and go to step 22.

Design for combined torsional moment
(T) and shear force (Q):

22. Calculate T according to formula (18).
23. Calculate Q, according to formula (19).

24. With T and Q, just calculated in steps 22, 23,
check the condition (17).

If the condition (17) is not satisfied,
increase the cross-sectional size (b, h) or increase
the grade of compressive strength of concrete
(B) until the condition (17) is satisfied, then
move to step 25.

25. Check the condition (11), where: Z =h; Z,=b
and As,l’ ASW’l are tensile reinforcement at lateral
side h (Figure 1b).

If the condition (11) is not satisfied, adjust
A, . A, into the design until the condition (11)

is satisfied, then move to step 25.
26. Perform steps from 10 to 17.
27. Calculate Q, according to formula (20).

28. With T, and Q, just calculated above, check
the condition (17).

If the condition (17) is not satisfied,
increase the cross-sectional size (b, h) or
increase longitudinal reinforcement, transverse
reinforcement and then repeat steps from 25 to
28 until the condition (17) is satisfied — Finish.

2.5. Example

A beam with rectangular cross-section: b = 300;
h = 600, h - height of rectangular. Grade of
compressive strength of concrete: B20. Bending
moment: M = -160 kNm, torsional moment:
T = 40 kNm, shear force: Q = 120 kN.
Longitudinal reinforcement: CB400-V, transverse

reinforcement: CB300-T. Requirement: calculate
and arrange the reinforcement.

Data: Concrete: R, = 11.5 MPa, R, = 0.9
MPa ; longitudinal reinforcement: R =R_ =350
MPa; transverse reinforcement: R =210 MPa;
£, =0,583°

Perform the following steps:

Use the problem: calculate the longitudinal
reinforcement support bending moment M:

1. Assume a = 40; h) = 600 — 40 = 560 mm

M 160x10°
= = ~=0.148
R,bhZ  11.5%x300x560

2. Oy

3.

£=1-J1-20, =1-1-2x0.148 =0.161 < &,
=0.583

4. Area of tensile reinforcement section:
_ERybhy  0.161x11.5%300x560

s R 350
=889 mm’

A

S

5. Provide for the longitudinal reinforcement as
follows:

A = 4018 =1018 mm?* A’ = 2¢16 =402
mm?; structural reinforcement in the middle of
edge h: 2¢14 = 308 mm?

Concrete cover: 25 mm
a=25+18/2=34mm;h =566 mm;a’ =25+
16/2 =33 mm

Use the problem: calculate the transverse

reinforcement support shear force Q:

6. Transverse reinforcement ¢10 with A =2 x
78.5 =157 mm*

Distance between stirrups s = 100 mm.
7. Check the condition (31):
q,, =R A, /s =210x 157/100 = 329.7 N/mm >

SW SwW

0.25R b= 67.5 MPa

=717 mm

o [2R, bh2 \/2><0.9><300><5602
q.. 329.7

With: 0.6h, < C’<3h, take C’=717 mm calculate:
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_ L5R,bhy  1.5x0.9x300x 560
C' 717

Q, =177138 N

With: h) <C”<2h, take C’=717 mm calculate:
Q,, =0.75q,, C=0.75x329.7x717 = 177296 N

= Q,=Q,tQ,, = 177138 + 177296 = 354434
N =354.434 kN

We see that Q = 120 kN < Q, = 354.434 kN

= The reinforcement is arranged as shown in
Figure 2a.

Design for combined torsional moment
(T) and bending moment (M):

The scheme for the design is shown in
Figure 2b.

8. Check the condition (1):

O.lehb2 = 0.1x11.5 x 600x300> = 62.1x10°
Nmm = 62.1 kNm.

So: T =40 kNm < 0.1R hb* = 62.1 kNm.

9. Condition on the strength of spatial sections:

b = 300 Z, = 300 L= 30)?
A 4
Dowtl I
[a=Ah A o\ o\
4018 @10 _ 5.1 010 o 7010
A al00 S s al00 3 A a’0 3
2014 [ 2014 I I
o = ) Asw,1 N
B - "
2016 S 2016 8025 fv
a) b c)

Figure 2. Beam cross section and calculation diagram

From Figure 2b, we have:

Z, =b=300 mm; Z, =h =600 mm

A, = 4618=1018 mm*; A =¢10=785mm’
d,,,= q,,/2 = 164.85 N/mm

We see that:
IS 13

So to adjust the above ratio, we reduce A,
into the calculation:

Take A | = 1¢18 =255 mm’
_ 9owiZr _ 164.85x300

—~0.5 =0.554<1.5
R A, 350x255
10.
oo R(A, (2z2 +zl) _
qsw,l
350%255(2x600+300)
164.85

https://doi.org/10.52111/qnjs.2021.15304

We see that:
27, +Z, =1500mm

Z,\2/8 =30042/0.2 =949mm

Z ___ 300 .,
27,+7Z, 2x600+300

C=90lmm<{

11. 6=

12.C_ =8C=0.2C=180.2 mm
13.N,,=q,,,C,, = 164.85x180.2 = 29705.97 N

14. T, = 09N _Z,
16.041x10° Nmm

15.N=RA_ =350x255 = 89250 N

16.
z

T, =09N, 17, = 0.9x89250x >0 » 600 =
C 901

= 0.9x29705.97x600 =

=16.047x10° Nmm

17.T, =T, + T, = 16.041x10° + 16.047x10° =
32.088x10° Nmm = 32.088 kNm

RA,  _ 350x1018 o)
Ry Z,(Z,-a) 11.5x300x566

18. &=
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19. o= &(1-0.58) = 0.182(1-0.5x0.182) = 0.166

20. M, = o_R,Z (Z,-a)* = 0.166x11.5x300x566*
= 183.468x10° Nmm = 183.468 kNm

21. We see that:

2
T=40 KNm>T,,[I-| L
MO

2
=32.088, [1— 160 =15.702 kNm
183.468

= The member does not have enough load
bearing capacity.

Re-select the longitudinal reinforcement:
A = 4¢25=1963 mm* A’ = 2¢25 = 982 mm’;
structural reinforcement in the middle of edge
h: 2¢25 = 982 mm?

Concrete cover: 25 mm

a=25+25/2=37.5mm; h = 562.5 mm;a’=25
+25/2=37.5 mm

Transverse reinforcement: ¢10 with A_
2x78.5 =157 mm?.

Distance: s = 70 mm.
= Repeat from step 9 to 21:

9. Take A | = 4925 = 1963 mm* A
78.5 mm?

q,, =R A, /s =210x78.5/70 = 235.5 N/mm

sWosw,l

dwaZi  235.5x300
R,A,,  350x1963

= $10

1

=0.103<0.5

We see:

To adjust the above ratio, we reduce A,
into the calculation:

Take AS, , =400 mm?

_9waZi _ 235.5x300

0.5 =0.505<1.5
RA;  350x400

10.

co RAG(22,+2,) _
qsw,l

350 400(2x600+300)

= =944 mm

235.5

We see that:
27Z,+7,=1500 mm

Z,\2/8=300y2/02 =949 mm

C=944 mm<{
11.6=0.2
12. CSW =0.2C = 188.8 mm

13.N, =q,, C,, =235.5x188.8 = 44462.4 N

14. T = 09N_Z, = 0.9x44462.4x600 =
24.010x10°Nmm

15.N,=RA_,=350x400 = 140000 N

16.

T, =0.9N, %22 =0.9x 140000x% x 600 =

=24.025x10° Nmm

17.T, =T, + T, = 24.010x10° + 24.025x10° =
48.035 x10°Nmm = 48.035 kNm

RA, 350x1963

18. = = =0.
5 RyZ (Z,-a) 11.5x300x562.5

354

19. o =&(1-0,58) = 0.354(1-0.5x0.354) = 0.291
20.M,=a R Z(Z-a)=

= 0.291x11.5x300x562.5% =318.029x10° Nmm
=318.029 kNm

21. We see that:

2
T=40 KNm<T, 4%) _
MO

2
=48.035.|1— ﬂ =41.513 kNm
318.029

Conclusion: So that the member has
enough capacity to bear combined torsional
moment and bending moment, we need the
amount of reinforcement.: tensile longitudinal
reinforcement A = 4¢25, CB400-V and stirrup
$10, CB300-T, s = 70 mm.

Design for combined torsional moment
(T) and shear force (Q):

The scheme for the design is shown in
Figure 2c.

22.T,=0.1R hb* = 62.1 kNm.

https://doi.org/10.52111/qnjs.2021.15304
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23. Q, = 0.3Rbh; = 0.3x11.5x300x562.5 =
582187.5 N =582.188 kN

24. Check the condition (17):

T =40 stTO[l—&J:
Q

0

= Satisfied
=62.1 1—i =49.3 kN
582.188

25. Condition on the strength of spatial sections:
From Figure 2¢, we have:
Z, =h=600 mm; Z, =b = 300 mm

A, =3025=1473 mm*; A = ¢10="78.5 mm’

1

q,,,= 235.5 N/mm

qsw,lzl B 235.5x600

= =0.274<0.5
R,A,, 350x1473

We see:

To adjust the above ratio, we reduce A | into the
calculation:

Take AS’1 = 800 mm?

< qsw,lzl _ 235.5x 600
RA,,  350x800

= 0.5 =0.505<1.5

26. Perform steps from 10 to 17.

oo \/RSAS’I (22,+2))

qsw,l

=1194 mm

_\/350><800(2><300+600)
235.5
We see:
27, +7,=1200 mm
ZN2/8 =60042/0.5=1200 mm
so_ 4 __ 60
27, +Z; 2x300+600

C=1194 mm<{

C,, =06C=0.5C =597 mm
N, = qSW’ICSW =235.5x597 = 140593.5 N

= T, = 09N _Z, = 0.9x140593.5x300 =
37.960x10° Nmm

N,=RA_,=350x800 = 280000 N

https://doi.org/10.52111/qnjs.2021.15304

600

zZ
T, =0.9N, =~ Z, = 0.9x280000x x300 =
C 1194

=37.990x10° Nmm

=T, =T, + T, = 37.960x10% 37.990x10° =
75.95x10° Nmm = 75.95 kNm

27. Calculate Q, = (20):

=602 mm

oo [2R, bh2 \/2x0.9><300><562.52
A 2x235.5

We see that 0.6h, = 337.5 mm < C*= 602 mm <
3h0 =1687.5 mm

0 = 1.5R,bhy _ 1.5x0.9x300x562.5" _
’ c' 602
=212.865x10° N =212.865 kN

We see that h0 =562.5mm < C’= 602 mm < 2h,
=1125 mm

= Q. = 0.75q C = 0.75x2x235.5x602 =
212.657x103°N = 212.657 kN

=Q,=Q,+Q_ =212.865+212.657=425.552 kN
28. We see that:

=

T =40 kNm<T0(l—gJ=
Qo
= 75.95( 1-—2%_ |- 54,533 kNm
425.552

Conclusion: The member has enough capacity
to bear combined torsional moment and shear
force — End.

3. CONCLUSION
From the content presented above, we see that:

Design standard for concrete and
reinforced concrete structures TCVN 5574:2018
presents principles of strength design of
reinforced concrete members for combined
torsional and bending moments, but the formulas
are quite complicated and there is no specific
design procedure for this type of member.
Therefore, building a process to concretize the
calculation steps is applicable and can be applied
more easily in the design of structures.
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Although still using the model of spatial
sections according to the ultimate internal force
method, but the principles of strength design
of reinforced concrete members for combined
torsional and bending moments provided in the
TCVN 5574:2018 Standard have many changes
compared to those provided in the old Standard
TCVN 5574:2012.* Besides, the strength design
process of reinforced concrete beams under
combined bending and torsion based on TCVN
5574:2018 standard proposed in Section 2.4 is
still quite complicated, especially the adjustment
of the amount of longitudinal and transverse
reinforcement (A, and A ) into the design
leads to results that may still be subjective by
the designer.

From the calculation example in Section
2.5, it can be seen that the torsional bearing
capacity of reinforced concrete structures is
much worse than their bending bearing capacity.
Therefore, in many cases, although the value
of the torsional moment is not great, it has a
significant influence and causes the appearance
of cracks. In the design of reinforced concrete
members should avoid or reduce the torsional
moment as much as possible. In some cases,
when the value of the torsional moment cannot
be limited, we need to design the strength of

reinforced concrete members for combined
torsional and bending moments.

The assessment of the strength design
process of reinforced concrete beams under
combined bending and torsion is based on
TCVN 5574:2018 standard compared to
TCVN 5574:2012 standard and some advanced
standards in the world as well as quantifying the
influence of torsional moment on the bearing
capacity of the member will be presented in the
next issue.

REFERENCES

1. Dinh Cong Nguyen. Practice calculating
reinforced concrete members, Construction
Publishing House, Hanoi, 2007.

2. Quang Minh Phan, The Phong Ngo, Dinh Cong
Nguyen. Reinforced concrete structures - basic
members, Science and technics Publishing
House, Hanoi, 2008.

3.  Vietnam Institute for Building Science and
Technology, TCVN  5574:2018
standard: Design of concrete and reinforced

national

concrete structures, Hanoi, 2018.

4.  Vietnam Institute for Building Science and
Technology. TCVN  5574:2012
standard: Design of concrete and reinforced

national

concrete structures, Hanoi, 2012.

https://doi.org/10.52111/qnjs.2021.15304

Journal of Science - Quy Nhon University, 2021, 15(3), 31-41 | 41
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Anh hudng ctia mét s8 phan hiiu ca vi sinh
dén sinh trudng va nang suat clia mang tay xanh
(Asparagus officinalis L.) tréng tai thanh phé Quy Nhon,
tinh Binh Pinh

Nguyén Thi Y Thanh*, Bui Hong Hai, Doan Cong Thién, H6 Tan

Khoa Khoa hoc Tw Nhién, Truong Pai hoc Quy Nhon, Viét Nam

Ngay nhan bai: 22/02/2021; Ngay nhdn dang: 26/04/2021

TOM TAT

Cay mang tay (Asparagus officinalis L.), c6 gia tri dinh dudng cao va chira nhiéu chét c6 hoat tinh sinh hoc,
dugc canh tac cach day hon 2000 ndm va hién trong & hon 60 qudc gia. Du nhap vao nude ta tir nhitng nam 1960
va trong ¢ nhiéu noi nhung chii yéu 6 tinh Ninh Thudn. Trong xu hudng san xut mang tay an toan va bén viing,
viéc st dung loai phan hiru co vi sinh (HCVS) phu hop gitip cai tao dét, ting chuyén hoa céc chit giup cdy trong
hap thu dinh dudng t6t hon 1a giai phap hiru hiéu. Do d6, nghién ctru dugc thuc hién nham danh gia anh huong
ctia mot sO loai phan HCVS trén thi truong dén sinh trudng, nang suat chdi va chat lugng mang tay. Thi nghiém
dugc thiét ké theo khéi hoan toan ngau nhién ciia 5 cong thirc: 4 loai phan HCVS (Tribat T-MB, Dau trau HCMK?7
Bokashi-Trichoderma+TE, Qué Lam 01, Séng Gianh) va ddi chtng - khong bon phan HCVS. Mdi cong thiic 3 lan
lap lai. Céc chi tiéu sinh truong dugce do bﬁng thudc day va thude Panme, ham lugng diép luc dugc xac dinh béng
mday so mau quang phd, ham luong vitamin C x4c dinh bing sic ky 16ng hiéu ning cao. Két qua nghién ctru cho
thdy bon bd sung phan HCVS dic biét phan HCVS Song Gianh budc dau gitp ting chiéu cao than cay, ham lugng
diép luc, duong kinh than, s6 than (7,62 than/cdy), s6 chdi thu hoach (7,9 chdi/cdy), duong kinh chdi (8,8 mm),
trong lugng chdi (12,55 g/chdi), ham lugng vitamin C (341 mg/100g), ning sut thu hoach trong 1 thang dat 1,6
tdn/ha. Vi vdy, bon bd sung phan HCVS Séng Gianh bude dau phit hop véi trong méng tdy xanh Ha Lan F1 Radius
trong diéu kién canh tac ¢ thanh phd Quy Nhon, tinh Binh Binh.

T khéa: Cdy mdng tdy (Asparagus officinalis), ndng sudt, phdn hitu co vi sinh, sinh trieong.

*Tdc gia lién hé chinh.
Email: nguyenthiythanh@gqnu.edu.vn
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ABSTRACT

Asparagus officinalis L. which is high in nutrient content and bioactive compounds was cultured more
than 2000 years ago and planted in more than 60 countries. This plant was imported into Vietnam in the 1960s
and grown in many provinces, mainly in Ninh Thuan province. Toward the safe and sustainable production of
asparagus, the use of micro-organic fertilizer (MOF) is an effective solution. The experiment was designed to
evaluate the effect of some MOFs on growth, spear yield and some quality indicators of asparagus spear. The
experiment was laid out as a randomized complete block design with three replications of 5 treatments (4 different
MOFs: Tribat T-MB, Bokashi-Trichoderma + TE, Que Lam 01, Song Gianh and control). The results showed that
adding MOFs, especially Song Gianh MOF initially, increased stem height, chlorophyll content, stem diameter,
number of stems (7.62 stems.crown™), number of harvested spears (7.9 spears.crown™), spear diameter (8.8mm),
spear weight (12.55 g. spear), vitamin C content (341 mg.100g"), and spear yield in 1 harvest month was
1.6 tons/hectares. Therefore, the Song Gianh micro-organic fertilizer is concluded as initially suitable to asparagus
cultivation in the local conditions.

Keywords: Asparagus officinalis, micro-organic fertilizer, spear yield, growth.

1. INTRODUCTION world export market.! Asparagus is rich in

Asparagus (Asparagus officinalis 1.) which protein, fat, vitamins and mineral, and its

belongs to Lily family (Liliaceae) is orginated
from the eastern Mediterranean and Asia

contents are five times higher than these of other
normal vegetables.? Asparagus has also been

Minor. This perennial herb has been cultivated used as medicine since ancient times. 94 different

for more than 2000 years ago. Recently, more
than 60 countries around the world have grown
asparagus including the United States, Italy,
Netherlands, Canada, Germany and other
western developed countries. The cultivation,

bioactive compounds of asparagus spears have
been identified,’ including steroidal saponins
(asparagosides), polyphenols, anthocianins,
fructans (asparagose and asparagosine), ferulic
acid, minerals, vitamins and flavonoids, etc. with

processing and scientific research of asparagus
have extended to developing countries. China
and Peru have become the world’s largest
exporters of asparagus, taking over two-thirds

*Corresponding author.

Email: nguyenthiythanh@gqnu.edu.vn
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many pharmacological effects such as antitumor,

antibacterial, antioxidant, hypolipidemic,
diabetes, decompression, immunomodulatory,

antiepileptic and other effects.*® Asparagus
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was imported to Vietnam in the 1960s and
the cultivation regions are increasingly
expanding.” Ninh Thuan province is considered
as a main region for asparagus cultivation with
approximately 411 hectares. Meanwhile, Binh
Dinh province has suitable natural conditions
for asparagus growth, but its cultivation has
currently only been researched and piloted. The
field production is not yet conducted.

The use of chemical fertilizers for farming
is currently increasing in Asia. Asian countries
have used over 250 kg of NPK per hectare in
2020, as twice the world average level.*® Long-
term use of chemical fertilizers has contributed
to negative consequences, including reducing
the soil organic matter content, declining
agricultural soil quality, increasing in soil
acidifcation and environmental pollution.'*!
Recent trends of agriculture in the world as well
as in Vietnam are towards safe and sustainable
agriculture. Chemical fertilizers could be
replaced by micro-organic fertilizers (MOFs) to
yield positive impacts. MOFs are rich in organic
matter and nutrient elements that improve many
soil aspects, such as soil physical properties,
porosity, soil microbial community structure
and biochemical properties. In addition, MOFs
also contain microbes that prevent diseases and
increase plant resistance, enhance agricultural
product quality, provide 30-60 kg of N per
year, improve fertility, and increase the amount
of humus in the so0il.}° The microorganisms in
MOFs have the ability to mobilize, facilitate
unavailable soil nutrient availability to become
available form for better absorption and increase
the effectiveness of inorganic fertilizers.'?!*
Moreover, MOF trade marks on market are
very diverse and finding suitable MOF for
crop and cultivation soil is important. The
objective of this study is to evaluate the effects
of some MOFs on the growth and spear yield
of asparagus, for contributing to liminate the
chemical fertilizers use, to improve the soil
properties and the sustainability of asparagus
cultivation in local area.

2. MATERIALS AND METHODS
2.1. Materials

Radius F1 green asparagus variety is originated
from Netherlands. Three months asparagus
crowns that were provided by Linh Dan Ninh
Thuan Co., Ltd., have appropriately grown
in local conditions with high spear yield, high
quality and economic efficiency.

Fertilizers used include: NPK 16:16:8+TE
fertilizer (Garsoni Vietnam Co. Ltd.), Tribat
T-MB MOF (Green Saigon Biotechnology Co.,
Ltd.), Bokashi-Trichoderma + TE MOF (Binh
Dien Fertilizer JSC.), Que Lam 01 MOF (Que
Lam Group JSC.), Song Gianh MOF (Song
Gianh Corporation). These are popular mico-
organic fertilizers on Vietnam market with high
quality and trusted by farmers.

2.2. Methods
2.2.1. Experimental design

The experiment was carried out from February
to June 2020 at the Experimental and research
garden for Biology and Agriculture at Quy Nhon
University (13.758511N, 109.216792E). The
experiment used sandy soil with 86% sand and
0.5% humus. The weather condition includes
average temperature of 28.9 - 30.1 °C, average
humidity of 72-78%, total rainfall of 88 mm per
month, and total sunshine hours of 224 hours
per month.

The experiment was laid out as a
randomized complete block design with 5
treatments (Treat.) and three replications. The
basal fertilizer consists of 20 tons of manure +
1.200 kg NPK 16:16:8+TE fertilizer per hectare
(400 kg for soil preparation and 800 kg for
experiment period, according to the cultivation
process proposed by the Linh Dan Ninh
Thuan Co., Ltd.)."”> The MOFs tested include 4
supplemental MOFs and NPK fertilizer used as
the control. The amount applied that is average
dose of manufacturer's instructions, were
calculated for 5 experiment months (Table 1).

https://doi.org/10.52111/qnjs.2021.15305
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Table 1. Definition of treatments

No. Treat. MOF kind, descriptions and dose of experimented fertilizer
1 Treat.1 3.6 kg of NPK fertilizer 16:16:8+TE, including N (16%), P,O, (16%), K,O (8%), MgO
(Control) | (2%), B (100 ppm), Zn (100ppm), Fe (100 ppm), Mn (100 ppm).

2 Treat.2 | NPK fertilizer (Control) + 30kg of Tribat T-MB MOF, including organic matter (15%), N (1%),
PO, (1%), K,O (1%), Trichoderma sp. (1x10° CFU/g), pH,,, (=5), humidity (30%).

3 Treat.3 | NPK fertilizer (Control) + 15kg of HCMK?7 Bokashi-Trichoderma+TE MOF, including
organic matter (18%), N (2%), PO, (2%), pH,,,, (5), B (300 ppm), Cu (300 ppm), Zn (500
ppm), Trichoderma sp. (1x10° CFU/g), humidity (30%).

4 Treat.4 | NPK fertilizer (Control) + 48kg of Que Lam 01 MOF, including organic matter (15%),
nitrogen fixing microorganisms (1x10° CFU/g), Phosphate solubilizing microbes (1x10°
CFU/g), cellulose degrading microbes (1x10° CFU/g); Ca, Mg, S, B, Cu, Fe, Mn, Zn, humic
acid, and growth regulator, humidity (< 30%).

5 Treat.5 | NPK fertilizer (Control) + 45 kg of Song Gianh MOF, including organic matter (15%),
P,0, (1.5%), humic acid (2.5%), Ca (1%), Mg (0.5%), S (0.3%), Bacillus (1x10° CFU/g),
Azotobacter (1x10° CFU/g), Aspergillus sp. (1x10° CFU/g), pH,,, (5), humidity (30%).

The experiment area of 200 m? included
protection path around with 3 blocks of 50 m?
(5.5 m in width and 9.0 m in length). Each block
consisted of five plots/beds (5 m in length and
1.2 m in width) where we transplanted one row
of 10 asparagus crowns with 50 cm between
crowns, equivalent of 17.000 crowns per hectare.

2.2.2. Cultivation process

Soil preparation: the soil is plowed 30 cm in
deep, chopped, removed weeds and stones,
diged a trench of 40 ¢cm in wide and 30 ¢cm in
deep, interspace of 1.2 m. We put basal fertilizer
to trench, added 1,200 kg of lime powder
per hectare and trichoderma inoculant. After
fertilizing, the soil was digged 2-3 times and
dried for 30 days before transplanting.”-'*

Transplanting, fertilizing and caring
(according to instructions of Linh Dan Ninh
Thuan Co., Ltd.):"* The bed was digged the holes
0f40x40cm with 50 cm apart. The corressponding
fertilizer of each treatment was laid into holes
and mixed with soil. Then, asparagus crowns
were verticaly transplanted so that the stem

https://doi.org/10.52111/qnjs.2021.15305

base is 10cm above the natural ground. The root
was covered by soil layer of 5-10 cm in thick to
protect the root neck and hold the stems upright.
After transplanting, we pluged two stakes and
used nylon line tentioned to prevent falling trees.
During growing, it is necessary to gradually raise
the line for keeping the stems always upright.
Plants were daily watered by the drip irrigation
system in the morning to maintain the humidity
of 60-70%. For each 15 days, plants were
periodically fertilized and pruned the branches
below 50 cm and the weak and old stems. 4-6
healthy stems per asparagus crown were kept
for spear production. We cut the stem apex over
1.5 m in high for promoting spear emergence. It
is necessary to regularly visit field for catching
asparagus pests and treating diseases, such as
soil worms, asparagus beetle, beet armyworm,
green worms, and anthracnose.”!®

Harvesting: The asparagus spears were
daily harvested since the 5™ month after
transplanting. After 15 days harvesting, the
fertilizer with equal dose in the first month was
applied. After a harvest month, it is necessary
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to stop harvesting spears for replacing the old,
weak and diseased asparagus stems.

2.2.3. Indicators and measurement

Growth and development characteristics: we
marked 5 crowns in each plots (equivalent of
15 crowns for a treament). The stem growth of
marked crowns were measured every 4 days,
including stem height (cm): distance from the
ground level to stem apex, using a tape measure;
Stem diameter (mm) measured at 2 cm above
ground level with a micrometer; Number of
pruned stems (pruned stems.crown'); Stem
number per crown (stems.crown'); The leaf
chlorophyll content determined by using
spectrophotometry.

Spear yield parameters: Spear diameter
(cm) measured at spear butt (about 2 cm above
ground level) with a micrometer; Number of
harvested spears per crown (harvested spears.
crown'): number of harvested spears with
25-30 cm in length until the end of 5" month after
transplanting (June 30, 2020); Ratio of market
spears (%) = (Number of each spear grade divides
to total number of havested spears) x 100. There
are 3 spear grades, including grade I sprears
(9-12 mm in diameter or more and 19-23 cm in
length), grade II spears (6-9 mm in diameter and
19-23 c¢m in length), grade 111 spears (3-6mm in
diameter and 17-23 cm in length); average spear
weight (g.spear'): average weight of harvested
spear; Net spear yield (tons.ha'): total weight of
harvested spears of treatment was converted to
unit of ton.ha"'; Economic profit = Total revenue
— total cost.

Quality properties: Dry matter content (%o):
asparagus spreas were dried at 103 °C to constant
weight for 72 hours; Fiber content (%): according
to FAO test method 14/7 p.230-231 (1986);

Protein content (mg.100g') was determined
according to the FAO test method 14/7 p.221-
223 (1986); Vitamin C content (mg.100g™! fresh
spear) was determined by using high performance
liquid chromatography (TCVN 8977:2011).

2.2.4. Statistical analysis

The data of results were analized by using
MS. Excel 2007 and Statistix (ver. 8.0). The
experimental results were statistically analyzed
by one-way ANOVA analysis with LSD
(least significant difference) test for multiple
comparisons at a 5% significance level.

3. RESULTS AND DISCUSSIONS
3.1. Asparagus stem growth

Three months asparagus plants which grown in
the nursery were dug and cut off whole stems.
After transplanting in the experimental field,
asparagus crowns sprouted first spear and
second spear at 7-10 days and 30-35 days after
transplanting, respectively. The spears became
stems during growth times. The heights of first
stems and second stems at different growth times
are shown in Table 2.

The data in Table 2 show that asparagus
stem height increased sharply at 8-12 days after
sprouting (DAS) and slowed down after that.
The second stems are higher than first stems
measured at same DAS. The growths of first
stems and second stems of treatments were not
statistical different. The height is 110.27 - 124.6
cm for first stems and 134.57- 147.13 c¢m for
second stems. Except for Treat.5, first stems had
superior height of 124.6 cm after 16 DAS. So,
the asparagus crowns used the nutrients from
rhizomes and soil fertilizer. The microorganisms
in MOFs did not affect on plant growth in the
early period after transplanting.
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Table 2. Height of first stems and second asparagus stems at different growth times (cm)

First stems Second stems
freat. 4 DAS 8 DAS 12 DAS 16 DAS 4 DAS 8 DAS 12 DAS 16 DAS
Treat.1 4.57° 61.9° 102.57° 110.27° 42.0° 101.3* 125.67° 134.57°
Treat.2 5.14° 68.87% 102.9° 111.17° 41.47¢ 101.9° 128.1% 139.2%
Treat.3 5.21° 73.6° 104.33° 112.43° 40.77* 102.232 129.8® 142.13*
Treat.4 7.52%® 75.59° 105.1° 111.07° 47.37 109.23° 135.4° 147.13*
Treat.5 8.97 90.4 115.87¢ 124.6 41.37° 103.93¢ 133.5% 142.67*
CV(%) 9.05 18.46 12.19 11.6 8.82 11.19 10.16 11.08
LSD, 3.15 9.96 9.43 9.62 8.94 8.45 9.65 11.38

Note: Mean followed by the same letter is not significantly different within the columns according to LSD test at

a 5% significance level; CV (coefficient variance); DAS is the day after sprouting.

3.2. Asparagus stem diameter

The stem diameter is an important growth
indicator. At 40 days after transplanting,
asparagus crowns had 3 stems. The results of the
stem diameters are shown in Table 3.

Table 3. Effect of MOFs on asparagus stem diameter

(mm)
Treat. First Second Third
stems stems stems
Treat.1 5.03¢ 6.63° 7.37°
Treat.2 5.13¢ 6.77* 8.77°
Treat.3 5.13¢ 7.2: 8.77
Treat.4 517° 7.1%® 8.57
Treat.5 5.33q 7.37 8.97
CV(%) 16.03 13.94 15.86
LSD 0.60 0.71 0.98

0,05

Note: Mean followed by the same letter is not
significantly different within the columns according
to LSD test at a 5% significance level; CV (coefficient
variance).

The data in Table 3 show that the stem
diameterincreased gradually through stemsets. In
the first stems, there was no significant difference
in stem diameter between the treatments. In the
second stems and third stems, the asparagus stem
diameter was different between the treatments.
The treatments supplemented with MOFs had

https://doi.org/10.52111/qnjs.2021.15305

larger stem diameter compared with control
and the Treat.5 had superior stem diameter
(7.37 mm for the second stems and 8.97 mm
for third stems). Thus, the additional MOFs
affected on the asparagus growth as increasing
the stem diameter, and the Song Gianh MOF is
initially more suitable for green asparagus than
other MOFs. Because of MOF compositions,
especially Song Gianh MOF provided a large
amount of organic matter and mineral elements
N, Mg, S, P, the additional microorganisms
which promoted the ability converting and using
carbon sources, soil nutrition,'* fixed nitrogen
for better absorption.!” Furthermore, the humic
acid enhanced the micro and macronutrients
absorption,'® thereby promoting plant growth.'*2

3.3. Leaf chlorophyll content and number of
asparagus stems

Leaf chlorophyll content at 50 days after
transplanting was shown in Table 4. The analysis
results showed that the leaf chlorophyll content
of treatments were statistically significant
difference. The chlorophyll content of treatments
supplemented with MOFs was higher than those
of control. In which, Treat.5 had the highest
chlorophyll a and chlorophyll b content (0.89
and 2.43 mg.g"' fresh leaf weight, respectively)
and the lowest in control (1.52 mg.g"' fresh leaf

weight). The MOF addition, especially additional
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Song Gianh MOF provided supplemental Mg, S,
K and microorganisms that improve nutrients
and mineral absorption.'*?° The mineral elements

(Potassium and Sulfur) activated the enzymes
that catalyze chlorophyll synthesis and Nitrogen
is also an essential component of chlorophyll.?!

Table 4. Effect of MOFs on leaf chlorophyll content, stem number and number of pruned stems

Number of pruned  Stem number  Chlorophyll a Chlorophyll Chlorophyll

Treat. stems (pruned (stems.crown™) (mg.g™") b at+b
stems.crown™) (mg.gh) (mg.g")
Treat.1 4.36° 6.27% 1.04¢ 0.48¢ 1.52¢
Treat.2 4.00* 5.67° 1.07¢ 0.50¢ 1.57¢
Treat.3 4.67 6.67" 1.42¢ 0.76° 2.18°
Treat.4 4.31° 7.23® 1.62¢ 0.80° 2.42:
Treat.5 4.15 7.61° 1.54° 0.89° 2432
CV(%) 13.63 11.62 0.52 1.53 0.76
LSD 2.00 2.03 0.01 0.02 0.3

0,05

Note: Mean followed by the same letter is not significantly different within the columns according to LSD test at

a 5% significance level; CV (coefficient variance).

During asparagus growth, the weak, old
and diseased stems are pruned and the healthy
stems were kept for spear production. The number
of stems pruned and the number of stems kept
for four months after transplanting are presented
in Table 4. The data in Table 4 show that the
number of pruned stems in the treatments were
stable (4-4.46 pruned stems.crown') and the
means are not statistical significant difference.
However, the number of healthy stems kept was

different between the treatments, and Treat.5
had the highest number of stems (7.61 stems.
crown) and Treat.2 had the lowest number of
stems (5.67 stems.crown™).

3.4. Asparagus spear yield and yield parameters

Since 5™ month after transplanting, asparagus
crowns produced harvest spears. The number,
diameter and weight of harvested spears are
statistically analyzed and presented in Table 5.

Table 5. Effect of MOFs on asparagus spear yield components in one harvest month

Number of Spear Spear  Spearyield  Total  Rate of market spear grades (%)
Treat. havested spears  diameter weight (tons.ha')  market
“"‘Vz:ffv‘jlf_?)em () (g-spear) (parsy Grade T Gradell  GradeTll
Treat.1 5.3¢ 6.89° 9.31° 0.78 75 15.39 53.84 30.77
Treat.2 5.63° 7.29* 11.04 1.04 85 30.77 38.46 30.77
Treat.3 6.1° 7.39¢ 11.77%® 1.18 90 15.39 69.22 15.39
Treat.4 6.8 8.581 12.5% 1.39 100 31.58 57.89 10.53
Treat.5 7.9 8.8 12.55° 1.6 115 44.44 38.89 16.37
CV(%) 17.48 10.94 15.30 - - - - -
LSD 1.28 1.99 1.30 - - - - -

0,05

Note: Mean followed by the same letter is not significantly different within the columns according to LSD test at
a 5% significance level; CV (coefficient variance).
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The number of harvested spears of each
crown in treatments had a significant difference.
The treatments complemented with MOFs had
higher number of harvested spears compared
with the control (5.3 harvested spears.crown™)
and the Treat.5 had a highest harvest spears
(7.9 harvested spears.crown), followed by
Treat.4 (6.8 harvested spears.crown), Treat.3
(6.1 harvested spears.crown™), Treat.2 (5.63
harvested spears.crown'). The diameter and
weight of harvested spears in treatments
supplemented with MOFs were also higher than
those in the control, but the difference was not
statistical significant. However, the harvested
spears of Treat.5 possessed the best diameter and
weight (8.8 mmand 12.55 g.spear’!, respectively),
followed by Treat.4 (8.58mm and 12.5 g.spear™),
Treat.3 (7.39 mm and 11.77 g.spear), Treat.2
(7.29 mm and 11.04 g.spear') and the smallest
harvested spears in control (6.89 mm and 9.31
g.spear!, respectively).

The data collected from 15 asparagus
crowns of each treatment showed that the total
number of harvested spears and the rate of spear
market grades at treatments supplemented with
MOFs were higher than those in the control.
Treat.5 had the best results (115 harvested
spears, 44.44% grade I spears and 38.89% grade
IT spears), followed by Treat.4 (100 harvested
spears, 31.58% grade I spears and 57.89% grade
11 spears). Asparagus spear yield for one harvest
month was highest in Treat.5 (1.6 tons.ha’.
month!), followed by Treat.4 (1.39 tons.ha'.
month™), Treat.3 (1.18 tons.ha'.month™), treat.2
(1.04 tons.ha'.month') and the lowest spear
yield in control (0.78 tons.ha'.month™).

The experimental results could be
explained by the supplemental MOFs, especially
Song Gianh MOF and Que Lam 01 MOF
that provide nutrients and other utilities. The
additional microbiome promote metabolizing
nutrients,” fixing nitrogen."”” Moreover, the
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humic acid enhances micro and macronutrients
absorption.!® These factors consequently increase
the chlorophyll content, synthesis of organic
compounds,” and nutrient accumulation in the
spears. So, the diameter, weight and number of
harvested spears were enhanced.

3.5. Asparagus spear quality

The analysis data of asparagus spear quality was
presented in Table 6. The dry matter content
of spears ranged from 8.34 to 9.54% and the
treatments supplemented with MOF had higher
dry matter content than that in control, but there
is not statistically significant difference. The fiber
content of spears (2.0 - 2.2%) and total protein
(1.8 - 2.2%) decreased slightly in the treatments
supplemented with MOFs, but the difference was
not statistical significant. The vitamin C content
of asparagus spears in treatments supplemented
with  MOF is higher than that in control
(278 mg.100 g! fresh spears) and Treat.5 had the
highest content (341 mg.100 g fresh spears).

Table 6. Effect of MOFs on quality characteristics of

asparagus spears

Dry Fiber Total  Vitamin C
matter content protein (mg.100g!)

Trea content (%) content

(%) (7o)
Treat.1 8.34° 2.2 22 278
Treat2  9.16® 22 2.1 282
Treat3  9.26® 2.1 2.0 321
Treat.4 9.592 2.1 2.1 318
Treat.5 9.542 2.0 1.8 341

V(%)  6.68 - - -

LSD 1.12 - - -

0,05

Note: Mean followed by the same letter is not
significantly different within the columns according
to LSD test at a 5% significance level; CV (coefficient
variance).
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3.6. Profit of asparagus cultivation

Table 7. Effect of MOFs on cost and profit of
asparagus cultivation
Unit: 1,000 VND

Treat. Treat. Treat. Treat. Treat. Treat.

Costs 1 2 3 4 5

Crowns 3600 360 360 360 @ 360
NPK fertilizer 43.2 432 432 432 432
Labor 200 200 200 200 200
Manure 84 84 84 84 84

Trichoderma 75 75 75 75 75
Other costs 70 70 70 70 70
MOF 0 390 300 576 540
Total cost 832 1222 1,132 1408 1372
Total income 105 129 138 203 214

Profit 0 24 33 98 109
compared
with control

Note: Asparagus spear price of current market at Quy
Nhon city): Grade 1 (120,000 VND.kg"), Grade 11
(70,000 VND kg™"), Grade I1I (40,000 VND.kg™).

Asparagus culture needs a high initial
investment but the harvest time is long, possibly
up to 5-7 years.” Total cost and total income
(for a harvest month) in treatments are shown
in the Table.7. Research data shows that the
profit of treatment complemented with MOF
is higher than that in control. The higest profit
is in Treat.5 (109,000 VND), followed Treat.4
(98,000 VND), Treat.3 (33,000 VND) and
Treat.2 (24,000 VND).

4. CONCLUSIONS

MOF complementation, especially Song Gianh
MOF during asparagus cultivation stages initialy
enhanced the stem height, stem diameter,
chlorophyll content, number of stems (7.62
stems.crown™), number of harvested spears
(7.9 harvested spears.crown™), average spear
diameter (reaching to 8.8 mm), spear weight
(12.55 g.spear'), vitamin C content (reaching 341
mg.100g"), asparagus spear yield reaching 1.6

tons.ha™! for one harvest month. It is proposed to
continue further studies on using supplemental
Song Gianh MOF in the cultivation process
of Netherland F1 Radius green asparagus to
assess completely its suitability for asparagus
cultivation conditions in Quy Nhon city, Binh
Dinh province.
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TOM TAT

Bai bao nay tap trung vao nghién cttu luge do lap kiéu Newton gan ding giai ciAc phuong trinh suy rong
bao ham anh xa da tri trong truong hgp hitu han chiéu. Ching t6i dé xuat mot chién luge cap nhat dong
céc bude lap mdéi bang cich dua vao tai mdi buéc mot mo hinh quy hoach todn hoc dya trén dang tuyén
tinh héa cia phan don tri xudt hién trong phat biéu bai toan gbc. Chung t6i ciing dua ra két qua phan tich
hoi tu dia phuong clia luge do duge dé xudt va ap dung dé xay dyng mot thuat toan ciu tric cho mat 16p
quan trong 1a cac bai todn b, Mot vai thye nghiem s6 ciing duge xem xét nham danh gid buée dau tinh
kha thi thye tién clia phuong phép.

T khoéa: Anh za da tri, phuong trinh suy rong, phuong phap Newton, tinh nita on dinh.

*Tac gia lién hé chinh.
Email: nguyenvanvu@qnu.edu.vn

https://doi.org/10.52111/qnjs.2021.15306
Tap chi Khoa hoc - Truong Pai hoc Quy Nhon, 2021, 15(3), 53-60 | 53



SCIENCE

QUY NHON UNIVERSITY

Local convergence of an inexact Newton-type method
involving optimization model on subproblems

Tran Ngoc Nguyen, Nguyen Van Vu*

Faculty of Mathematics and Statistics, Quy Nhon University, Vietnam
Received: 23/02/2021; Accepted: 26/04/2021

ABSTRACT

This paper deals with inexact Newton-type scheme for solving generalized equation governed by

set-valued mappings defined on finitely dimensional spaces. We proposed a new dynamical updating strategy

by adapting in a mathematical program modeling based on the linearization of the single-valued part at each

step. We investigated the local convergence behavior of the proposed framework and applied it to design a

structural algorithm for solving complementarity problems. Implementation of several numerical tests was

also considered to illustrate the feasibility of such framework.

Keywords: Set-valued mapping, generalized equation, Newton-type method, semistability.

1. INTRODUCTION

The Newton (or Newton-Raphson) method together
with its extensions have been well-known in the lit-
crature as among of popular and efficient strate-
gies for finding the zeros to a system of nonlinear
functions. This is due to the good behavior of con-
crete algorithms designed from such manner, espe-
cially, the high growth of the convergence under mild
assumptions on the input data. particularly, when
the functions defining the system are sufficiently
smooth (of C1! class for example), the corresponding
Newton-based algorithms might be locally quadrati-
cally convergent (seel).

As motivated from certain problems in appli-
cations, many authors have extended the classical
Newton framework to deal with the general model
called by generalized equation (GE). Mathemati-
cally, an abstract GE defined on finite dimensional
spaces can be formulated as inclusions involved set-
valued map

0€ ®(x) + N(z), (1)

where, the single-valued term ® : R — R is as-
sumed to be smooth up to the necessary order, and

*Corresponding author.
Email: nguyenvanvu@qnu.edu.vn

https://doi.org/10.52111/qn;js.2021.15306

the set-valued part N : R” = R"™ has closed graph.
Problem of type (1) covers many concrete situations
under the suitable choice of N. One of the most im-
portant case is the variational inequalities? which
is closely related to mathematical program induced
by selecting N to be the normal cone mapping as-
sociated with feasible region. For the sack of further
reading, we refer to.'® and the references therein.

One of the earliest framework dealing with ab-
stract problem (1) is the famous Josephy-Newton
method.* The core idea behind is to perturb (1)
by replacing ® with its linearization at each step
and searching the next iterate as a solution to the
auxiliary problem

0ed(h)+ 0 (@F)(z—a®)+ N@). (2

Here and in what follows, 2 is meant to be the k™
iterate of the principal loop, and ®’ stands for the
first-order derivative of ®. More general, (2) can
be subsumed as a particular case of the following

scheme
0€ A(z", ) + N(x), (3)

in which a perturbed term A(z*,-) is in the posi-
tion of ®. (The typical Josephy-Newton framework
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is induced from (3) if we let A(u,v) = ®(u) +
@' (u)(v—u).) Under some mild assumptions, the ref-
erence methods will produce an iterative sequence
(2%) that converges to a solution of (1) with lin-
ear/superlinear/quadratic rate. The readers should

t1356 and the references therein for more

consul
about those topics.

As mentioned in,! one of the sharpest trend for the
study of local convergence of (2) was appeared in
the work,” and then, was considered in the later pa-
per.® Another line for dealing with (2), sometimes is
said to be semilocal convergence result, was begun at
least from the work,? and then, by some later ones,
e.g. 51911 Perhaps the major difference between the
two aforementioned strategies is that, the local con-
vergence involves the information concerning an ex-
isting solution, while the other one almost concen-
trates on initial guess point.

Toward the numerical implementation aspect,
the Newton-type frameworks mentioned above op-
erate as follows: after getting an iterate, one con-
structs a partial linearization system corresponding
to the original problem, and then solve exactly the
immediate system to produces the next step. (Par-
ticularly, (2) and (3) are typical in such a manner.)
Being quite different, some authors proposed several
inexact schemes in order to solve variational inclu-
sion (1). For instance, the paper!'? introduced an
abstract iterative scheme based on the subproblem

(®(z")+0' (z%)(z—a")+N(z)) "Ry (2", 2) # 0 (4)

for a family of set-valued maps Ry : R" x R" —
R™. While the authors® developed the algorithms
for (1) using the updating process obtained by con-
sidering the perturbed inclusion

0€ ®(z") + &' () (x — ) + QaF, 2 — 2¥) + N(z)

(5)
whenever z* is present. The inexact models allow
us to apply suitably dynamical strategy of selecting
the solvers to handle auxiliary problems that still
ensure the convergence of overall process.

The current paper follows the idea of inexact
Newton-type methods proposed in the literature
with a few relaxations. Suppose now an iterate
zF € R™ is known, then we would compute next
step 2"t via the perturbed GE

0 € ®(zF)+ ' (zF) (! —2F) +wh + N (2" 1), (6)

for a perturbation term w® € R”. The performance
of the overall procedure is strongly concerned with

how efficiently one selects w* and solve the inclu-
sion (6). For instance, with aim of obtaining locally
superlinear convergence of the resulting sequence
(x%), we can require that w* satisfies the condition

lw* |l = o(||lz*** — a*[ + [la* —2*[)  (7)

as mentioned,! where * is assumed to be an exist-
ing solution. Unfortunately, this dynamical choice
for w* seems to be slightly difficult to verify in
practice, since it involves a posterior estimation. To
avoid that drawback, we proposed a modified ver-
k+1

sion of (7) by solving simultaneously z**! and w*

with some additional constraints. Precisely, let us
introduce several auxiliary variables d = z — ¥,

z € R™ and consider the optimization problem

mingso t

subject to  ®(z*) + & (zF)(d) + w + 2z = 0,
lwl? —t]ld|I* <0,
z € N(zF + d),

(8)

for unknowns ¢, d, w and z. Once an exact/inexact
solution to (8) is found, we update the next step
oFtt = 28 4 dF (d* is extracted from the previ-
ous procedure) and continue. Note that if (7) does
hold, problem (8) will admit a feasible solution
(ty,d*, wk, z¥) such that t; | 0. This demonstrates
the possibility of implementing (8) in practice with
the help of available optimization solvers.

The paper is organized as follows. In the next
section we recall some basic notions used throughout
the paper. Section 3 is devoted to introduce our gen-
crally inexact Newton-type framework and investi-
gate its local convergence. In Section 4, we apply our
method to a concrete important class of variational
problem. The last section presents some numerical
experiments to consider the practical performance
of algorithms based on our approach.

2. PRELIMINARIES

For the convenience of reading, we start by re-
calling some notions that will be used through the
paper. The convention ol notations used in the
monograph will be applied throughout the paper.
We frequently work with the a set-valued map
N : R"™ =% R™ assigning to each © € R" a sub-
set N(z) € R™ (may be empty). Such an ob-
ject could be identified with its graph, defined by
Gr(N) := {(z,y) e R x R™ | y € N(x)}. For any
usual map ® : R” — R™ (equivalent terminology
single-valued map), its (Frechét) derivative will be
denoted by ®'. While, notation ®” is meant to be
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the second-order corresponding derivative. When @
is real-valued, we write V®(2) and V2®(x) respec-
tively to indicate its gradient vector and Hessian
matrix at a given point . Conventionally, all single-
valued maps appeared in the paper are assumed to
be differentiable up to the necessary order.

The problem of our interest is an abstract GE of the
form

0€ ®(x) + N(z), 9)

where ® : R" — R" is a smooth map, and
N :R™ = R" is set-valued whose graph is a closed
set. The closedness assumption to Gr(N) allows for
preserving the inclusion involving IV after passing to
the limit. We are interested in the iterative scheme

governed by solving the subproblem of the form

0 € ®(zF) + @' (z%)(z — ) + Q@=*, z — 2*) + N(z),

(10)
for some set-valued term 2 : R™ x R® = R"™. To
study the convergence behavior of such scheme, the
next definition is useful.

Definition 1 (Semistable solution,!). Suppose that
z* € R™ is a solution to GE (9). «* is said to be
semistable if for every r € R™ any solution u(r) to
the perturbed inclusion

re ®(z)+ N(zx) (11)
being close enough to z* satisfies the estimate
[u(r)l = O(lIrll) as [Ir|| — 0. (12)

Concern Definition 1, the next result is fruitful
when dealing with the local convergence analysis of
scheme updated through (10).

Theorem 2 (! Theorem 3.6). Let z* be a semistable
solution to the GE (9) for which the derivative @’
is continuous at x*. Let  : R™ x R™ = R™ be a set-
value map satisfying the following assumption: for x
close enough to z*, the GE

0e ®(x)+ ' (z)(u) + Qz,u) + N(z+u) (13)

has a solution u(x) such that u(x) — 0 as @ — z*
and the estimate

[wl = o(llull + llz — =*[]) (14)

holds as x — o, u — 0 uniformly for w € Q(x,u),
x € R", ueR" obeying the inclusion

0€ ®(x)+ & (x)(u) +w+ N(z +u). (15)

Then there exists § > 0 such that for any starting
point ¥ € close enough to x*, there exists a se-
quence (z%) C R™ such that x*T! is a solution to
the GE (10) for each k =0,1,2,..., satisfying

l=**t = ¥ < 6. (16)

https://doi.org/10.52111/qn;js.2021.15306

For any such sequence, z* converges to x* superlin-

early. Moreover, the rate of convergence is quadratic
provided the derivative @' is locally Lipschitz-
continuous with respect to x*, and provided (14) can
be replaced with the estimate

lwll = O(llull® + [l — %) (17)

Here, superlinear rate of convergence is meant to
be zF — z* with

e 1 =]
limsup ——— = 0. 18
N P 1)
If the relation
K41k
lim sup | il < 400 (19)

koo |78 — a2

is in position of (18), one says that ¥ — z* quadrat-
ically. Further, local Lipschitz continuity of ® w.r.t

* is equivalent to the assertion that

2@ V@

X

lim sup

r#x —a* ||$ - -T/H

3. LOCAL ANALYSIS FOR A CLASS OF IN-
EXACT JOSEPHY-NEWTON METHOD VIA
OPTIMIZATION MODEL

The current section is devoted to study an iterative
scheme of inexact type for solving GE (9) by mod-
ifying the well-known Josephy-Newton method in
the literature (see more, e.g.*%). Such a framework
based on the optimization model (8) in order to up-
date 2*tt = 2% + d*, where d* is computed from
an exact/approximating optimum to the nonlinear

programming
IIliIlf;Q t
s.t. O (2F) + @' (aF)(d) +w+2=0
Yy (1)
whw —td"d <0
z € N(zF + d),

where (py) is a positive sequence that determines the
upper bound for actual step d*. Comparing with (8),
such a constraint is included to avoid the quite long
step and ensure the local convergence property. This
model can be viewed as a relaxation of the original
subproblem involved in the Josephy-Newton scheme

0€ d(z") + @' (") (z — 2*) + N(x) (22)

after adding the slack variable w. Also, (21) is sub-
sumed as a particular case to (18), where Q(z*, z —
x*) coincides with the w component of feasible re-
gion to problem (21). Algorithm 1 outlines the over-
all process of our proposed method.

56 | Journal of Science - Quy Nhon University, 2021, 15(3), 53-60



SCIENCE

QUY NHON UNIVERSITY

Remark 3. The core phase in Algorithm 1 is sub-
problem defined in (21) which simultaneously gener-
ates both the search direction d and the term of in-
exactness w. This is slightly different from the strat-
egy given by (10), where the suitable candidate for
w should be chosen via an existing set-valued map
Q. To the practical implementation aspect, our pro-
posed algorithm using optimization model (21) is
quite flexible rather than the one by means of (10).
Nevertheless, the performance of overall process de-
pends on how efficient we solve (21). Further, for
concrete applications, it is also necessary to invoke
some reasonable globalization framework in order
to avoid the sensitivity when dealing with difficult
problems. Those issues should not be in the scope
of this paper, and for the analysis here, we assume
in general that any of subproblem (21) is solved
successfully throughout the principal loop of Algo-
rithm 1.

Concern the behavior of Algorithm 1, we con-
sider some assumptions below.

(A1l). The sequence of parameters (pi) appear in
model (21) is chosen in some manner such that
P 0.

(A2). The mathematical program (21) admits at
least one (optimal or almost optimal) solu-
tion that can be successfully computed at each
step.

A3). The optimal value %' returned by solv-
1% P y
ing (21) satisfies

limsup {¢7'} = 0. (23)
k—o0

input : 2% &, N

output: sequence z°, 2!, 22, ...
k<+0;
repeat /*principal loop*/

Set up the model (21) ;

Solve the model (exact/inexact);

if solve (21) successfully then
Extract d* from solution to (21);
Update zF+1 « z¥ 4 dF;

k<—k+1
else /*subproblem failx*/
Terminate the loop ;
endif
until stopping criterion reached;/*end
loop*/

Algorithm 1. Inexact Newton-type method involving

optimization model of subproblems

The next theorem summarizes the local conver-
gence result for the proposed method based on
Algorithm 1.

Theorem 4 (Local analysis for Algorithm 1). Con-
sider GE (9) whose single-valued part ® is differen-
tiable. Let x* be semistable in the sense of Defini-
tion 1 and @' be continuous around x*. If all as-
sumptions (A1), (A2) and (A3) are fulfilled, then
by starting at x° being close enough to x*, the se-
quence (z¥) generated via Algorithm 1 converges to
x* superlinearly.

Proof. We notice first that, if we set
i = o (F ) — @ (2F) — &' (2 (dF) — P, (24)
then it is obvious to see that z*+! solves the GE
r* € ®(z) + N(x). (25)

For the main proof, let us mimic the line of The-
orem 2. Choosing some parameters x > 0 and
0 < d,¢ < 1 for which the following does hold: when
I7]l < 2€, any solution u(r) to the perturbed GE

r € ®(u) + N(u) with [Ju(r) — z*|| < 2J will satisfy
the estimate

Ju(r) —z*[| < &r|. (26)
Scaling ¢ > 0 if necessary, we can suppose that
[@"(2) — @' (27)|| <6, Vl|lw —a™[| <2 (27)

Finally, since p | 0, after skipping a few first in-
dexes, it is possible to require pp < e.

We now start by z% such that ||z — z*| < e
By assumption (A2), (21) produces some triplet
(tp,d", w") which solves the GE

0€ (%) + @' (29)(d°) + w® + N(2° + d°) (28)

such that ||w®]| < to]|d°| and ||d°| < po. As men-
tioned at the beginning, ' = z° + d° is a solution
to the inclusion

0 € ®(x) + N(x) (29)
for 7% = ®(z!) — ®(2°) — @'(2°)(d°) — w°. The Tay-
lor’s expansion applied to ® yields

. /1{[<I>'(;L'O+sd0)—<1>'(xo)](d0)} ds—w". (30)
J0

Because of |20 —2*|| < € and ||d°||< po, it does hold
29 + sd° — 2*|| < 2¢ when s varies in the interval
[0,1]. Thus, the estimate

|12/(2" + sd”) — @' (a")[| < 6 (31)

is straightforward for 0 < s < 1. The combination
between (27), (30) and (31) gives us

I < 26]1d°l] + [[w°l] < (26 + to)lld°]].  (32)

Hence, assumption of Theorem 4 implies [|r’|| < 2e.
Consequently, we obtain

ot — || < w[r0) < R(26 +to)l|d°].  (33)
Taking into account the inequality |d°| < [z! —

x*|| 4+ [|2° — 2*||, we deduce from (33)
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1 (20 + to) 0 = 0 =
- ST~ - - )
It~ a1l < 7 gy a® =l < e )
(34)
if the following is active
2k(20 +tp) < 1. (35)

Because § > 0 can be made arbitrarily small and
7" 10, (35) could be supposed to satisfied.

In summary, under the condition (35) and ||2° —
7*|| < e, we obtain x! via Algorithm 1 and moreover

o' — 2% < olla® — 2| (36)
for some 0 < o < 1. This shows that the process

above still applicable if z! is in position of z°. As a
result, the sequence (z*) is well-defined with

k¥t — 2| < ola® — 2*|. (37)

It can be derived from (37) that ||z —z*| — 0. The
superlinear rate of convergence is attained by apply-
ing the result presented in' Proposition 3.4. O

4.  APPLICATION TO NONLINEAR COM-
PLEMENTARITY PROBLEMS (NCPs)

The NCP corresponding to a smooth map F' :
R™ — R"™ could be formulated as follows (see,
e.g.?)

x>20,F(z) 20,27 F(z) =0, (38)

in which we denote as usual 27 the transpose of z
being written as a column matrix. If F' coincides
with the gradient V f to a smooth real-valued func-
tion f : R™ — R, the NCP (38) reduces to the KKT

system associated with minimization program !

min, f(z) st xz>=0. (39)
By setting ®(z) = F(z) and

{zeR"|2<0,2T2=0}, ifz>0
N(x) :=
0, otherwise,
(40)
we recover GE (9) from (38). The optimization
model (21) now reads

mint>0 t
s.t. F(a®) + F'(a")(d) +w+2=0
2T (z% +d) =0
—dTd+p; >0 (41)
—wTw+tdtd >0
2k +d>0
—z > 0.

THomepage: https://www.gnu.org/software/octave/
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Under such configuration, the iterative process
to find a solution of (38) based on our pro-
posed scheme is described in Algorithm 2.

input :2° F

output: sequence z°, z', 22, ...

k+0;

repeat /*principal loop*/
Compute py, ;

Set up the model (41) ;

Solve the model (exact/inexact);

if successful solving then
Extract d* from solution to (41);
Update 2*+1 « z* + d*;
k+—k+1;

else /*subproblem failx/
Terminate the loop ;

endif

until stopping criterion reached;

Algorithm 2. Inexact Newton-type method
for NCP (38)

5. NUMERICAL EXPERIMENTS

We implement Algorithm 2 with open-source soft-
ware GNU Octave.! The testing model involving
mathematical program (39) whose objective func-
tion f:R™ — R belongs to the well-known family
of Rosenbrock type
n—1
f(@) = [r(win —27)* + (@i —1)%],  (42)
i=1
where r > 0 is some parameter. Throughout the
tests, each input sample is randomly generated via
the built-in program randn. To handle subproblems
in the form of (41), we invoke some certain hooking

solvers ipopt,'* minos,!® snopt.!% At the moment,
we benchmark the performance by comparing sev-

cral features:

e the number of samples that stops at successful
criteria;
e the number of samples that assump-

tions (A2), (A3) are fulfilled throughout the
principal loop.

To decide whether termination is optimal or not,
we adopt the merit function w(z) = ||diag(x)F(z)]|,
where diag(z) is the diagonal matrix whose diago-
nal entries are components of vector x. The thresh-
old tolerance for stopping criteria maintained dur-
ing the test is chosen as 1076, while the maxi-
mum number of iterations in principal loops is set
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to be 200. Here, we update dynamically ppy; =
min(pg, 1/log(k + 1)) and check assumption (A3)
by comparing with the slowly convergent sequence
er = 1/k. Tables 1 and 2 show the benchmarking
results obtained after specific test which consists in
N = 20 samples of dimension n = 5.

Features ipopt minos snopt
nb. optimal 4 2 3
nb. limit 16 12 6
nb. failure 0 6 11

Table 1. Numerical implementation of Algorithm 2: nb.
optimal (resp.nb. limit,nb. failure) indicates the
number of founding optimal iterate (reaching limit of
threshold /updating fail)

Features ipopt minos snopt
nb. valid 10 13 8
nb. failure 10 6 12
nb. other 0 1 0

Table 2. Information concern Assumption (A3): nb.
valid (resp. nb. failure, nb. other) shows the num-
ber of samples that satisfy (resp. not satisfy, be unsure)

From Table 1, we can see that our proposed
model works pretty well. More specifically, the per-
centage of problems which are successfully solved by
our model combined with ipopt, (resp. minos and
snopt) is 100%, (resp. 70% and 50%). This means
that the successful rate of our model is more than
70%. It is worth noting that ipopt, minos and snopt
are general-purposed solvers which are not properly
designed for our new model. It is really interesting
to propose a particular algorithm for solving (41)
which is more efficient than these above solvers.

Fraction batwaen anor bounds plot

T

Figure 1. Superlinear convergence of Algorithm 2 with
ipopt solver

%KX
=

ra
#

Figure 2. Superlinear convergence of Algorithm 2 with
minos solver

Table 2 shows us the validity of assumption (A3).
Tt can be seen that over 50% (31/60) of problems sat-
isfy this assumption. According to Theorem 4, Algo-
rithm 2 will attain a superlinear rate of convergence
in these problems. To verify this assertion, we plot
the behavior of Algorithm 2 when solving a prob-
lem satisfying assumption (A3) in Figures 1, 2 and 3.
These figures give us the error distance of iterates in
one certain successful sample that is extracted ran-
domly. We can see that the error distances decrease
faster and faster on last iterations. This implies the
superlinear convergence in the corresponding cases.

Fraction betwoen errar bounds plot
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Figure 3. Superlinear convergence of Algorithm 2 with

snopt solver

Remark 5. In Table 2 the only of interest is ac-
tually Assumption (A3), because the lack of validity
for Assumption (A2) is almost the same with failure
of overall process given in Table 1.
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TOM TAT

Trong bai b4o nay, chiing téi chi ra ring v6i A, B 14 cidc ma tran xac dinh duong va My, Ms, ..., M, 1
cac ma tran khong suy bién thi phuong trinh ma tran

m

1—t 1—t t
XP:A+ZM7-T (BTXBW) M;
i=1

c6 nghiem xac dinh duong duy nhat X*. Ngoai ra, bang cach st dung phuong phép lap, ching t6i ciing chi
ra day céc ma tran hoi tu vé nghiem X* clia phuong trinh trén.

T khéa: Ma tran zdc dinh duong, phuong trinh ma tran, dinh lj diém bt dong, phuong phap lip.
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ABSTRACT

In this paper, we consider one matrix equation that involves a matrix generalization of the the weighted
geometric mean. More precisely, for positive definite matrices A and B, for nonsingular matrices My, Ms, ..., M,,,
we show that the following equation

m

1—t 1—t t
XP=A+Y M (BTXBT) M,
=1

has a unique positive definite solution. We also study the multi-step stationary iterative method for this
equation and prove the corresponding convergence.

Keywords: Positive definite matrice, matrixz equation, fized point theorem, multi-step stationary iterative

method.

1. INTRODUCTION

Let M ,, stand for the algebra of n X n com-
plex matrices and let P,, denote the normal cone
of positive definite matrices in M,,. Let f be a
real-valued function which is well-defined on the
set of eigenvalues of a Hermitian matrix A. Then
the matrix f(A) can be defined by means of the
functional calculus.

Let A, B be positive definite matrices, it
is well-known that the matrix geometric mean
A§B = A2 (A=V2BA-Y2)'? 4172 g firstly
defined! by Pusz and Woronowicz. They showed
that the geometric mean is the unique positive
definite solution of the Riccati equation

XA™'X = B. (1)

In 2005, Lim? studied the inverse means
problem for the geometric mean and the contra-
harmonic mean. Using the Riccati equation (1)
as a lemma, for positive definite matrices A < B
he studied the following equation

*Corresponding author.
Email: nguyenduyainhan@husc.edu.vn

https://doi.org/10.52111/qnjs.2021.15307

X =A+2BX 'B.

He showed that the last equation has a
unique positive solution of the form X =
% (A + Af (A + 4BA_IB)). Lim and co-
authors? studied the non-linear equation
X = Bf(A+ X).

They proved that this equation has a unique pos-
itive definite solution X = (B + B#(B + 44)).
Interestingly, both results were based on ele-
mentary approach by solving the correspond-
ing quadratic equations. Recently, Lee and co-
authors* studied the following matrix equation

XP = A+ MT(XtB)M.

Similar to the approach® of Lim and Palfia, they
used the Thompson metric and Banach fixed
point theorem to show that the equation has a
unique positive definite solution. Recently, Zhai
and Jin% generalized the last equation for m non-
singular matrices. More precisely, they studied
two non-linear matrix equations as follows
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XP=A+Y MI(XtB)M,
i=1

and

J
XP=A+Y MI'(X$B)M;
i=1
m

+ > M (X'B) M;,
i=j+1
where p, m, j are positive integers such that 1 <
j < m, A, B are positive definite matrices and
My, M, ..., M, are nonsingular real matrices.

Recently, Dinh and co-authors studied a
more general case of these two equations. They
considered similar matrix equations for the
weighted matrix geometric mean

AfB = AV (A‘l/QBA‘W)t A2,

Namely, they studied the following matrix equa-
tions

m
XP = A+ z MT (Xt,B) M,
i=1
and

J
XP = A+> M (X4,B) M
=1

m
+ Y M (x7'4B) M,
i=j+1

where p,m are positive integers, A, B are n X n
positive definite matrices and My, Mo, ..., M,,
are n X n nonsingular real matrices. At the end
of the paper, they not only mentioned that the
weighted geometric mean Af#; B is a matrix gener-
alization of a'~tb! for two non-negative numbers
a and b but also noticed that there is another
symmetric generalization such as <A% BAS
which appears in the definition of the sandwiched

1—t 1—-t t
quasi-relative entropy’ T'r (A? BAT) .

In this note, we give a detail proof of next
theorem:

Theorem. Let A, B € P, m be positive integers
greater than 2, and p > 1. Then, for nonsingular
matrices My, Mo, ..., My, in M, the following
matrix equation

m
1—t 1—t t
X;D=A_|_ZMZ.T (BTXBT) M;
i=1

has a unique positive definite solution X* in Pp.
We also study the multi-step stationary iterative
method for this equation and prove the corre-
sponding convergence.

2. MAIN RESULTS

Definition 1. (¥ [Definition 2.1.1]) An operator
T : P, — P, is said to be increasing if 0 < z <y
implies Tx < Ty.

The following lemma is crucial for us to
prove the main results in this paper.

Lemma 2. (® [Theorem 2.1.6]) Let T : P, —
Pn be an increasing operator, and suppose that
there exists r € (0,1) for which

T(sx) > s"T(x), x € Py, s € (0,1).
Then T has a unique fized point x* € Py,.

Theorem 3. Let A, B € P, m be positive inle-
gers greater than 2, and p > 1. Then, for nonsin-
gular matrices My, Mo, ..., My, in M, the fol-
owing matrix equation

Xp=A+§:MiT (B%XB%yMi (2)
i=1

has a unique positive definite solution X™* in P,,.

Proof. Let consider the function

m
1—t 1—t t
T(X) = (A+ZMiT (BTXB?) Mi)”.
i=1

We show that 7'(X) satisfies the conditions of
Lemma 2, so it has a unique fixed point X* in
. That leads to the fact that Equation (2)
as a unique positive definite solution X* in P,.
Let 0 < X7 < Xoand 0 < t < 1, we

1—t 1—t t 1—t 1—t t

have (B?XlBT> < (BTX2B7> . Con-
sequently,

T 1—t e\t
M, (B?XIBT) M

1—t 1—t t

<M (BTXngT) M, i=1,2,...,m.
Therefore,
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- - e\t
Ay M7 (BTXlB?) M
i=1
m 1—t 1—t t
<A+> M (BTXQBT) M;.
i=1

1
Since p > 1, the function x» is a monotone
operator on (0, +00). We have

T(X,) = <A+§:M? (Bi?XlBZT)tJ\/L) p

i=1

m 1—t =\t i
< <A+ S <BTXQBT) Ml)
i=1
=T(X2),
so the function 7'(X) is increasing.

Let X € P,. For t € (0,1) and p > 1, there
t

exists a constant r € (0, 1) such that » > —. It is
p

obvious that
(B = (sX)BF )t = st (B%XB%)t,

for any s € (0,1).
Since rp > t, we have s < s' < 1 for all

€ (0,1). Therefore,

n 1—t 1—t t
A+sty M (B?XBT) M;

i=1

> 5P (A + i MT (B%XB%)t Mi> .

1=1

1
By the monotonicity of the function x», we
have

P

m 1-t -\t
T(sX) = <A+5tleiT (BTXBT) M¢>
1=

(s"l’ (A + f: Mr (Bl%tXBlet)tMZ));
i=1

m e\t N\ 7
= <A +3 M (B XB) MZ)
i=1
=s"T(X).

v

Thus, T'(X) satisfies all conditions of Lemma
2. In other words, Equation (2) has a unique pos-
itive solution X* € P,,. 1

https://doi.org/10.52111/qnjs.2021.15307

Now, let X1, Xo, ...
in P, and consider the multi-step stationary it-

, X;n be initial matrices

erative method for the equation (2) as following

le+j
m 1 s t i
- <A +> M7 (BTtX(l_l)m+jBTt> Mi>
i=1
(3)
forl=1,2,3,...and j=1,2,...,m

In the following theorem, we show that the
matrix sequence {Xy} generated by (3) con-
verges to X ™.

Theorem 4. For any X1, X, ..., X, € Py, the
sequence of matrices { Xy} generated by (3) con-
verges to the unique positive definite solution X*
of the equation (2).
Proof. For matrices Xi, Xo,...
there exists a € (0,1) such that
aX*<X;<a'X* j=12....m (4
We show that for any b € N we have
X <Xy <a " k=bm+j(j=1,2,...,m)
(5)

for some r € (0,1) and r > —. Then, according
p

X, and X*,

to the fact that hm o’ = lima" =1 and
b—ro0 b—o0

the Squeeze theorem in the normal cone P, it
implies that { Xy} converges to X*.

Now, we prove (5) by using the method of
mathematical induction. For b = 0, the inequal-
ity (5) reduces to the case of (4). Assume that
(5) is true for b = g — 1 for some positive interger
¢, it means

a" X< Xy SaTTXT (6
fork=(g—1m+jand j=1,2,....,m

Since Xgmtj = T(X(g—1)m+;) and T(X) is
increasing, it implies from (6) that

T(ar{r X*) < T(X(q—l)m—l—j)
qm-+j < T(a—r‘? 1 )

Moreover, T'(sX) > s"T(X) in the case
s € (0,1) and T(sX) < §"T(X) in the case
s > 1. Therefore,

7@ 2 () T
=ad"T(z*) =a" X*
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and

T (a—""”X*) <aTT(XY) = a T X

So, we have

a" X* < Xgmyj <a X"

Thus, (5) is true, and { X} } converges to X*. [
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Xac dinh su xuat hién vét nut
biang phuong phap bién déi Wavelet
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TOM TAT

O bai béo nay, d6 nhay cua chuyén vi tim c6 vét nit sau khi ding Phuong phap Phan tir hitu han mé rong
(eXtended Finite Element Method - XFEM) va bién d6i Wavelet duoc phan tich. Sy anh hudng cua chiéu dai vét
nit va vi tri vét nit dugc nghién ctru. Cac gid tri chuyén vi thu duge tir bai toan tinh dugc tinh todn bang XFEM
va phuong phap Newmark dua trén mo hinh phan tir dang tham s tir gidc 4 nit. Cac gia tri chuyén vi ding cho
bién d6i Wavelet dugc ndi suy trén co so cac ham dang, toa d6 va gia tri chuyén vi tai cac nut cua phan tir tam.
Két qua khao sat cho thiy chuyén vi cua tim c6 vét niit sau khi bién d6i Wavelet t6 ra rit nhay ddi voi chiéu dai
va vi tri vét nat.

Tir khéa: Extended Finite Element Method (XFEM), tam cé vét mit, chuyén vi, Wavelet.
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Email: hevu@ftt.edu.vn
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ABSTRACT

In this paper, sensitivity for the transverse displacements of the plate with a crack is analyzed using the
Extended Finite Element Method (XFEM) and the Wavelet transform. The effects of the crack length and location
are investigated. The transverse displacements obtained from the static analysis are studied by using the XFEM

and the Newmark method based on an 4-node quadrilateral isoparametric element. The transverse displacements

for transformation are interpolated by the shape functions, the coordinates, and the transverse displacements of

the nodes of every element. The examined results show that the transformed transverse displacements are very

sensitive to the crack length and location.

Keywords: Extended Finite Element Method (XFEM), cracked plates, transverse displacements, Wavelet.

1. INTRODUCTION

Technical diagnostic is an area that attracts many
researchers around the world as well as in Viet
Nam. Technical diagnostic has a particularly
important role to technical objects. Especially,
the discovery and assessment of defects and
impairments in the structure have been receiving
much interest from many authors to research.
These impairments have a very large effect on
construction capacity and longevity.

There have been many studies of
analytical, numerical and experimental methods.
Accordingly, the use of numerical methods is
very effective in solving the cracked problems.
And the Finite Element Method (FEM), has
become a tool in use since an early age. However,
in some cases FEM has become complicated,
such as simulating the movement of non-
continuous domains which leads to redivision
of the element mesh. The Extended Finite
Element Method (XFEM) offers us a new way

*Corresponding author.
Email: hevu@fit.edu.vn

https://doi.org/10.52111/qnjs.2021.15308

to model the crack independence of the element
mesh; therefore, there is no need to redivide
the element grid. Recently, some authors have
used XFEM and Wavelet trasforms to study the
cracked structures. Bachene et al' combined the
9-node isonality element with XFEM to analyze
the plate’s vibration according to the Mindlin
plate theory. Natarajan et al,” analyzed natural
frequencies of cracked functionally graded
material plates by the extended finite element
method. Douka et al® identified the crack location
and depth of the rectangular plates by analyzing
Wavelet. Sun. et al* analyzed the sensitivity of
the transverse displacements of the cracked plate
by Wavelet transform.

The paper uses the Wavelet tool to identify
cracks in structure. The transverse displacements
obtained from the static analysis are studied by
using the XFEM and the Newmark method. The
transition displacements values found in the
paper will be verified using ANSY'S software and
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previous published studies to test the accuracy
and effectiveness of the proposed method.

2. THEORETICAL FORMULATION
2.1. XFEM Model

This paper uses the 4-node quadrilateral
isoparametric element. The plate element has
three degrees of freedom in each node, which
are three independent displacements: transverse
displacements w and rotating angles S, f3, 2

The elements of independent displacement
quantities are interpolated according to the
corresponding node displacements:

4 4 4
W= ;N,Wi, B, =;Nlﬂxi, B, =;Niﬂﬂ )

where: w;» B,;» B,; corresponds to the values of
the function w and fB,» B, at node i, or the degrees
of freedom of node i; N; are the shape functions
according to the following natural coordinates:’

N, :—l(l—r)(l—s),N2 :l(1+r)(1—s),
4 4 2)
N, :i(1+r)(l+s),N4 :%(l—r)(l+s)

a) Modeling with crack-tup functions

Figure 2. Crack modeling using XFEM approach

Examine a point x in the element domain,
the displacement approximation at point x is
calculated as belows:®

v'(x)= D> N(®u,+ > H(XN,(x)a, +

jieN/om JENT"

+ Nk(x)iBak(x)bak

keN“Y

(4)

y
3 (%3, %) 4(¢-1,1) s 3.1

4 (%45 %)

2 (3, %)

1
Gy x 1(-1,-1) 2(1,-1)

a) Physical co-ordinate system

b) Natural co-ordinate system

Figure 1. Isoparametric element in the form of a

4-node quadrilateral

The displacement vector of the node u, is
made up of 12 components:®

u; :{Wl B By P ﬂy4}T 3)

The advantage of using enrichment
functions in XFEM is that the crack is
independent of the element mesh compared
to FEM, which means that the element mesh
at the crack location must not be redistributed
like FEM. For crack modeling, two types of
enrichment functions are used: the Heaviside
functions and crack-tip functions (Fig. 2).

b) Modeling with Heaviside functions

where: u” (x) is displacement approximation at
point x

u; is the vector of degrees of freedom
associated with node i

a; is the vector of degrees of freedom of
the node added by the Heaviside function

https://doi.org/10.52111/qnjs.2021.15308
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b, is the vector of degrees of freedom
of the node complemented by the asymptote
function at the crack-tip

Nem Nem Nev is the set of non-expanding
nodes, nodes bisected by cracks and nodes
containing crack-tip

N, (x), N (x) NV, (x) and are the corresponding
shape functions of the standard element, edge
complementer, and crack-tip complement element

H (x) is additional function or Heaviside
discontinuous function

B, (x) is extension function at crack-tip

Extension function at crack-tip B, known
as branch functions:

B,=[B,,B,,B,,B,] )
. . (@ 1
where: B, (r,0) = Jr sin (5] B,(r.0)= J;COS(EJ
. (0 . 0
B, (r,0)= Jr sin @sin (Ej B,(r.0)= x/;smacos(gj

where (1, 0) are polar coordinates determined at
crack-tip.

2.2. Static equilibrium equation of cracked
plate®

The system of equations for analysis of static
behavior of cracked plate by XFEM:

Ku'=f 6)
where: K is the overall stiffness matrix
u” is the vector of nodal freedom

f is the external load vector. The overall
stiffness matrix and the external load vector
assembled from element stiffness matrix K¢ and
element vector f¢, where:

uu ua ub

Kl.]. Kl.j Kl.j
K/ =K} K K®
/ q [/

g
KM K K}’
b i b (7)

¢ = {fiu fia fibl fibz fib3 fib4

T
} ®)

https://doi.org/10.52111/qnjs.2021.15308

u'={uab, b, b, b} o

Where

K. = j (B))'D,B'dQ+ j(s; )'D,S’dQ
Q° Q° (1())

(r,s =u,a,b)

Include the standard element (uu),
Heaviside extension element (aa), extension
element at crack-tip (bb), D, is the matrix of
elastic coefficients due to bending, D, is the
matrix of elastic coefficients due to shear, B
is bending deformation matrix, and S is shear
deformation matrix.

3. CALCULATING CRACKED PLATE
DISPLACEMENT USING XFEM

¥4 Load location
e
I SEEE T
T T
1 Summ
]
N b *
- -
L}
a
Ye
x
-
e a=0.4m " o
1 ]

Figure 3. Static plate problem model

Problem 1: Examine a bending thin plate
with a crack (Fig. 3), a single with geometric
parameters, material properties and load: the
plate length a = 0.4 m; the plate width b = 0.4 m,
the plate thickness 2 = 0.0005 m, the crack is
in symmetry through the axis x = 0.2 m, and
parallel to the axis y, the crack locationy = 0.2 m,
crack length changes ¢ = 0.04, 0.06, 0.08, 0.10,
0.12 m; Elastic modules £ = 71x10° N/m’,
Poisson coefficient 4 = 0.3; concentrated load
P =2.5 N, located at the coordinates (x = 0.05 m,
y=035m)and (x = 0.35m, y = 0.35 m).

70 | Journal of Science - Quy Nhon University, 2021, 15(3), 67-76



SCIENCE

QUY NHON UNIVERSITY

Problem modeling with mesh 25x25. The
maximum displacement calculation results for
the plate are written in the Matlab equation with
the displacement location at node 388. To test

the reliability, the results is compared with the
result of the solution using the ANSYS program,
through the use of the SHELL281 element to
simulate a cracked plate.

Table 1. Maximum displacement (w__ (x107 m)) of cracked plate

Crack length ¢ (m) 0 0.04 0.06 0.08 0.10 0.12

w, . -FEM (ANSYS) (%107 m) 1.4398 | 1.4655 1.4750 | 1.4884 1.5043 1.5300
w_ -FEM7 (x10°m) - 1.427 - 1.426 - 1.427
w_ -XFEM (MATLAB) (<107 m) 1.4388 | 1.4395 1.4398 1.4534 1.4691 1.4806
Percentage of error with ANSYS 0.0695 1.7741 2.3864 2.3515 2.3400 3.2288
Percentage of error with FEM ’ - 0.8760 - 1.9215 - 3.7561

From the results shown in Table 1, when
the crack length increases by 0.04, 0.06, 0.08,
0.10, 0.12 m the maximum displacement of the
plate also increases. This corresponds to the
physical nature of the problem model (like the
crack length increases, plate stiffness decreases
causing displacement to increases)

Comparison to the results between
XFEM(MATLAB) and FEM(ANSYS) for
Problem 1 with the crack length changes, it can
be seen that the error result depends on the crack
length. Specifically, the longer the crack is, the
greater the error: the maximum error is 3.2288%

XFEM and FEM” for Problem 1 with the crack,
length changes, it can be seen that the error result
also depends on the crack length. The longer the
fracture is, the greater the error. The maximum
error is 3.7561% when crack length ¢ = 0.12 m.

The results of these calculations indicate
that the program written in MATLAB for a
cracked plate is completely reliable.

Problem 2: The same problem parameters as
Problem 1. Crack length of the plate ¢ = 0.04 m;
the crack location varies by y_ = 0.05, 0.10, 0.20,
0.30, 0.35 m.

when crack length ¢ = 0.72 m. The maximum displacement result (node
Comparison to the the results between position 338), is shown in Table 2.
Table 2. Maximum displacement (w,__(x10-3 m)) of cracked plate
Crack location y_(m) 0.05 0.10 0.20 0.30 0.35
w_ —ANSYS (x107 m) 14537 | 14532 | 14655 | 14445 | 1.4448
w,_ ~MATLAB (x10°m) 1.4388 1.4387 1.4395 1.4422 1.4404
Error (%) 1.0250 0.9978 1.7741 0.1592 0.3045

From the results shown in Table 2, the
error between Matlab and Ansys programs
was relatively low (1.7741% at the largest).
This result shows the high reliability of Matlab
program.

4. CRACKED PLATE DISPLACEMENT
THROUGH WAVELET TRANSFORM

The following problems are taken from the
figures in Section 3 respectively, the set
containing 961 displacement values of the plate
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used to transform Wavelet along the axis y, at the
location x = 0.2. The author uses Wavelet sym4
in the symlets kinship to identify cracks in the
structure.

Analysis results

During the process of continuous Wavelet
transformations, it is possible to effectively
observe the sensitivity of the signal at the crack

location of the plate.

Problem 1: A four-segments symply support
bending plate and the concentrated load
P =2.5 N, located at the coordinates (x = 0.05 m,
y=0.35 m) and (x = 0.35 m, y = 0.35 m); crack
location of the unchanged fissure (y = 0.10 m),
crack length changes (¢ = 0.001, 0.005, 0.01,
0.04, 0.06, 0.08, 0.10, 0.12 m).
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g Ir i
S 05 -
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§ 0
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4L _
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0 002 004 006 008 010 012 014 016 D18 020 022 024 026 028 030 032 034 036 038 040
The width of the plate (m)
w10 . _ C=0.001m, Yc=0.10m :
T I T T T T T T T T T T T T T T T T T
g
o °r 7
7]
% 0 & ![j\ 1" ‘Jr. +
3
=9 I | | 1 | I | | | 1 | I | I | 1 I | 1 ]
0 002 004 006 008 010 012 014 016 018 020 022 024 026 028 030 032 034 036 038 040
The width of the plate (m)
“i¢ €=0.005m, Yc=0.10m
x 10
T T T T T T T T T T T T T T
= - =
5
Z 51 =
E 0 4 I A
5 :
= 1 L | 1 I 1 1 1 | L | 1 | | 1 1 | I i
0 002 004 006 008 010 012 014 016 018 020 022 024 026 028 030 032 034 036 038 040
The width of the plaie (m)
X 10"“} C=0.01m, Yc=0.10m
T T T T T T T T T T T T T T T T
2 5 .
D
»
E 0 1 J ¥l
Hy
= )
= 1 ! 1 o 1 | B R I 1 | 1 | | 1 | 1 | ’
0 002 D04 006 008 010 012 014 016 018 020 022 024 026 028 030 032 034 036 038 040
The width of the plate (m)
10" C=0.04m, Yc=0.10m
T T T T T T T T T T T T T T T T T T
2 2- _
=)
»
o — Jl —
% v’
=
L | | ] | ] I | ] | ] | | |

I ] 1 !
0 002 004 006 008 0.10 0.12 0.14 016 018 020 022 024 026 028 030 032 034 036

1 2]
038 040

The width of the plate (m)

https://doi.org/10.52111/qnjs.2021.15308

72 | Journal of Science - Quy Nhon University, 2021, 15(3), 67-76



SCIENCE

QUY NHON UNIVERSITY

% 10" C=0.08m, Yc=0.10m
T I ] L) ] I I I I I L) 1 L] I I I I T
.E o
g
@ p
= 0 -+ + —+
é
\
2 1 I i 1 I i | I 1 1 L 1 1 i | i | 1 N
0 002 004 006 00B 010 D12 014 046 018 020 022 024 026 028 030 032 034 036 038 040

The width of the plate (m)

x10° C=0.08m, Yc=0.10m
T T T L] T T T T T T T T T T T T T T
3 sl ]
o
]
E 1] +~—-u\-——. —
g °1) M| i I 1 1 I L L 1 i L | i | i | I T
0 002 004 006 008 0.10 012 014 016 018 020 022 024 026 028 030 032 034 036 038 040
The width of the plate (m)
x10° €=0.10m, Yc=0.10m
T ] T T T T T T T T T T
]
2l [
]
o ———
g
S | L 1 1 1 1 L L 1 L 1 1 I 1 o 1 L | ——
0 002 004 006 003 010 012 014 016 018 020 022 024 026 028 0.30 032 034 036 038 040
The width of the plate (m)
107" €=0.12m, Yc=0.10m
] 1 1 ] 1 1] 1] ] L] 1 1 1 1] ] 1 1 1 ] L] ]
T 50 -
E g J
s
10 i i | | I | i i | ] L i | i | | i | =

|
0 002 004 008 008 010 012 0O

Figure 4. Graph of wavelet signals of stati
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¢ load plate displacement when crack length changes

Problem 2: A four-sided unbending plate and
the load P = 2.5 N, located at the coordinates
(x=0.05m,y=0.35m)va(x=0.35m,y=0.35m);

Case 1: The crack length is constant (¢ = 0.04 m),

the crack location changes (y, = 0.05, 0.10, 0.20,
0.30, 0.35 m).

Case 2: The crack length is constant (¢ = 0.005 m),
the crack location changes (y, = 0.033, 0.20,
0.367 m).
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Figure 5. Graph of wavelet signals of static load plate displacement when crack position changes

The sudden signal change is shown clearly
in different crack lengths and different crack
locations (Fig. 5). In particular, as the crack
length increases 0.001, 0.005, 0.01, 0.04, 0.06,
0.08, 0.10, 0.12 m the “leap” of the error signal
increases: 1.3x107°, 1.7x107°, 1.2x10°, 5x10°,
6x107, 130x10°, 150%107, 170x10 m and the
error signal also increases at the crack locations:
0.05, 0.10, 0.20, 0.30, 0.35 m (the crack length
¢ = 0.04 m) and the crack locations: 0.033, 0.20,
0.367 m (the crack length ¢ = 0.005 m). When
the crack is located at the load location the signal
changes greater and more clearly. When the crack
length is small (¢ = 0.05 m) and far from the load
location (y, = 0.033 m), the Wavelet signal graph
shows exact crack location. But when the crack
length is very small (¢=0.001 m), the error signal
at the crack location is still very clear (Fig. 4)

5. CONCLUSIONS
The paper showed XFEM's ability to efficiently

apply and Wavelet transforms to identify cracks in
the cracked plate. The analysis results show that
the displacement computing program by XFEM
is very reliable. The examined results show that
the transformed transverse displacements are
very sensitive to the crack length and location.
This opens up the possibility of developing the
problem of any cracked plate, developing cracks
in the complex dynamic load-bearing plate that
will be presented in later studies.
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KHOA HOC
TRUONG DAI HQC QUY NHON

Toi uu hoa dua trén thiét ké téng hgp trung tam (CCD)
cho qua trinh chuyén héa axit béo tu do trong dau
chiét xuat tu ba ca phé thanh diesel sinh hoc

Phan Thi Thanh Phwong', Vé Vin Tién', Nguyén Viét Quang’,
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Ngay nhan bai: 26/03/2021; Ngay nhdn dang: 22/04/2021

TOM TAT

Hién nay, dau chiét xuat tir ba ca phé (WCGO) da chimg minh 14 ngudn nguyén liéu phi hop dé san xuat
diesel sinh hoc. Tuy nhién, vi ham lugng axit béo tu do (FFA) cao trong dau duoc trich ly tir ba ca phé nén can co
qué trinh tién xtr ly. Trong nghién ciru nay, phan ting este hoa giita FFA trong dau dugc chiét xuét tir ba ca phé véi
methanol dwoc thyuc hién trong thiét bi phan tng khudy tron, lam viéc gian doan. Phuong phap bé mat dap tng
(RSM) dugc p dung dé thiét 1ap cac thi nghiém, phan tich, danh gia va t6i uu hoa két qua thyc nghiém. Cac diéu
kién thuc nghiém bao gdm: ty 1& mol giita methanol/WCGO (5 — 10 mol/mol), ham lugng xtc tac H,S0,/WCGO
(1 — 10% k1), nhiét d6 phan tng (50 — 70 °C) va thoi gian phan tng (60 — 120 phit). Anh hudng cua cac diéu kién
thuc nghiém da duoc danh gia va kiém tra nhd phuong phap RSM. Mb hinh hdi quy cho qua trinh chuyén hoa
FFA trong WCGO thanh biodiesel da dugc xéac thyc boi hé sé twong quan cao (R? = 0,923). Do chuyén héa FFA
dat duogc 90% (Gng v6i ham lugng FFA cubdi cung dat 0,7% kl) vai ty 1&¢ mol MeOH/WCGO la 8,18 mol/mol, ham
luong xuc tac H,SO,/WCGO la 8,74% kl trong thoi gian phan tmg 90 pht tai nhigt do 60 °C. Cubi cung, mot vai
chi tiéu quan trong ctia san pham ester hoa dugc duge kiém tra phi hop cho céc giai doan tiép theo cua qua trinh
san xuét diesel sinh hoc.

Tu khoa: Diesel sinh hoc, ba ca phé, WCGO, este hoa, RSM.

*Tdc gia lién hé chinh.
Email: dangnguyenthoai@gnu.edu.vn
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ABSTRACT

Extracted oil from waste coffee grounds (WCGO) has proven to be a suitable sources to produce biodiesel.
However, they needs to be pretreated because of high free fatty acid (FFA) content in WCGO. In this study,
the esterification reaction between FFA in extracted oil from coffee grounds with methanol was performed in a
batch reactor. Response surface methodology (RSM) was applied to establish experiment, synthesize, evaluvate,
and optimize the experiment results. The factors included: MeOH/WCGO molar ratio (5 — 10 mol/mol), H,SO,/
WCGO catalyst content (1 — 10 wt.%), temperature (50 — 70 °C) and reaction time (60 — 120 min). The effects
of these factors were evaluated and tested as per RSM. The regression model of conversion of FFA in WCGO to
biodiesel was established with a high correlation coefficient (R? = 0.923). The FFA conversion of 90% (final FFA
content of 0.70 wt%) was achieved with the MeOH/WCGO molar ratio of 8.18 mol/mol, H,SO,/WCGO catalyst
content of 8.74 wt.% for 90 min at 60 °C. Finally, some important properties of the esterified oil were checked for
the suitability for the next stage of biodiesel production.

Keywords: Biodiesel, Waste coffee ground, WCGO, esterification, RSM.

1. INTRODUCTION waste cooking oil, Jatropha oil and waste coffee
ground oils (WCGO) have been more and more
attractive as renewable resources for biodiesel

production with low cost.!?

In general, biodiesel is defined as fatty acid alkyl
esters produced from alternative resources via
esterification, transesterification or two-step
reactions. Its properties are acceptable to be used
directly or mixed with petroleum diesel.' At the

Vietnam is a country in the top two of
the leading coffee producing countries in the

present, the basic resources to produce biodiesel
is cooking oils thanks to its low FFA content.
Nevertheless, depending on edible vegetable
oils is a major drawback to commercial target
because of high price and food security.?
Therefore, many non-edible oils including

*Corresponding author.

Email: dangnguyenthoai@qgnu.edu.vn
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world, only after Brazil. In 2019, approximately
2.6 million 60 kg bags of coffee was consumed
in Vietnam.® By considering this huge amount,
the re-use process of WCGO should be made.
The WCGOs contains 11 — 20 wt.% of oil hang
on its kind.** WCGO is convinced to become a
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novel feedstock to create biodiesel. Nonetheless,
inedible oils accommodate a high FFA (>2 wt.%)
to be easy to react with the alkaline catalysts to
form soap via the saponification reaction. This
process take to losing of catalyst and ester and
grow the manufacture cost.! Therefore, WCGO
needs to be treated by esterification reaction
to remove FFA as much as possible before
transesterification reaction to make biodiesel.

In this work, the esterification of WCGO
in the existence of H,SO, as a homogeneous acid
catalyst was performed to lessen the FFA content.
The aims of this task were: (a) investigating
the acid-catalyzed esterification reaction;
(b) evaluating the influence of MeOH/WCGO
molar ratio, H,SO,/WCGO catalyst content,
temperature and reaction time on the FFA
conversion in WCGO; (¢) employing response
surface methodology (RSM) to design, analyze,
and optimize the experimental conditions;
and (d) determining some properties of the
esterified oil.

2. MATERIALS AND METHODS
2.1. Materials

Waste coffee grounds (WCGs) were collected
from coffee shops in Quy Nhon City, Vietnam.
Methanol (MeOH, purity > 99 wt.%) and sulfuric
acid (H,SO,, purity > 98 wt.%) were purchased
from Xilong Scientific Co., Ltd., China. Etanol
(EtOH, purity > 99 wt.%) was obtained from
Cemaco Vietnam Co., Ltd. — Ho Chi Minh city
Branch, Vietnam.

2.2. Extraction of WCGO

First, the WCGs were dried in sunlight for 24
hours to remove its wetness. Second, the dried

WCGs were extracted by using ethanol. This
mixture was mixed in 15 minutes and then it
was disparated from the WCGs by filter.* Next,
the WCGO was disparated from the solvent
by utilizing a vacumn rotary evaporation. The
WCGO was kept in the stove in 5 hours at
105 °C to separate any ethanol remaining in the
extracted WCGO.

2.3. Esterification procedure

The esterification process was conducted in
a 0.5-liter three-necked round-bottom flask
attached to a thermometer, with magnetic stirring
at stirring speed of 600 rpm, reflux by water at
20 °C to liquefy the MeOH vapour. The parameters
for experiment were chosen and shown as in
Table 1. First, the WCGO was preheated up to
the temperature extended to the called value.
Next, the mix of MeOH and H,SO, (98 wt.%)
were added into flask. After finished reaction,
the product was poured into the separating
tube and settled in 90 min to discrete into two
phases (oil phase and aqueous phase). Then, the
aqueous phase was taken out of the oil phase, the
oil phase was washed with hot water to unfasten
the catalyst and the alcohol out of oil phase. This
procedure was conducted at 70 °C, three times
without swaying and three times with swaying.
The washed oil phase was dried completely by
the reheating at 110 °C in 120 minutes.

All experiments were done three times to
approximate mistake. Experiments parameters
were planned with different conditions including
MeOH/WCGO molar ratio (5-10 mol/mol),
catalyst content (1-10 wt% H,SO,/WCGO),
reaction temperature (50-70 °C) and reaction
time (60-120 minutes).

Table 1. Experimental parameters used in esterification of WCGO

Variables Limit and coded level
Variables Symbol Unit -al -1 0 +1 +o
MeOH/WCGO molar ratio X, mol/mol 5 6.25 7.5 8.75 10
H,SO,/WCGO catalyst content X, wt.% 3.25 55 7.75 10
Reaction temperature X, °C 50 55 60 65 70
Reaction time X, min 60 75 90 105 120
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2.4. FFA analysis and FFA conversion

The initial FFA content of the WCGO and the
final product were determined based on ASTM
D664. First, the sample was accurately weighted
about 1 — 10 g into a conical vessel. Then, 50 mL
of ethanol was attached and vigorous swung to
diffuse this sample. Phenolphtalein was attached
about 3 — 5 drops as an indicator. The mix
was titrated with 0.1N NaOH up to emerging
a continuing pink. The FFA content and FFA
conversion were caculated according to the
following equations:

qrp — W XCX2675)x100 ()
1000xm
x = LEFA—%FFA 1009 (2
%FFA,

Herein, V and C are volume (mL) and
concentration (mol/L) of NaOH, m is the sample
weight (g) and 267.5 is the average molecular
weight of WCGO’s fatty acid (g/mol).°

2.5. Experiment designs

Response surface methodology (RSM) is one
of modern statistical methods used to determine
response behavior.” The central composite

design (CCD) was applied to discover the best
conditions for the wanted FFA conversion.
The CCD combines five levels (coded —a, —1,
0, +1,+0, as in Table 1). The parameters, such
as Fischer’s test (F-value), the probability
(p-value), correlation coefficient (R), coefficient
of determination (R?) were utilized to predict
the show of the response of the esterification
process. In addition, diagnostic plots, such as
standardized residual and run number plot,
expected normal value and residuals plot,
studentized residuals and predicted values plot,
predicted values and real values plot were also
employed to estimate of the model. The second
order polynomial regression model equation is
generally indicated as in Eq. (3).

Y =B, + Xy BiXi + Xy Xt By XiX; +
1 BuX? 3)

Herein, Y is the predicted response (FFA
conversion); B, B, B, Bij are the regression
coefficients (B, is the constant term, B, is a
linear term, B is a quadratic term and BU. is an
interaction term); X, Xj are coded independent
factors.

Table 2. The coded independent factors, experimental results and predicted values

- Ins:fi Zgﬁ;ﬂt FFA conversion (%). - In\c/l:g:gfleesnt FFA conversion (%)

% x | x | x Expe- P¥e- Resi- % X | x % Expe- P?e- Resi-

! 2 3 + | riment | dict | dual ! 2 3 4 | riment | dict | dual

1 [625(325|55(75] 7023 | 71.12 | -0.89 | 16 |875|7.75| 65 | 105 | 9498 |94.17| 0.81
2 [ 875(325|55]75| 66.89 | 6839 | -150 | 17 | 5 | 55160 | 90 | 77.36 | 79.11 | -1.75
3 162577555 | 75| 8845|8647 | 198 | 18 | 10 | 55 | 60 | 90 | 85.83 |82.21| 3.62
4 | 875|775 55|75 | 82.69 | 85.15 | 246 | 19 | 7.5 1 60| 90 | 6503 |67.44| -2.41
51625325165 | 75| 8032|7952 | 080 |20 | 75| 10 | 60| 90 | 98.06 |93.79| 4.27
6 | 875(325| 65| 75| 7945 | 76.65 | 2.80 | 21 | 7.5 | 55 [ 50 | 90 | 76.55 | 74.87| 1.68
7 625775165 | 75| 83.79 | 85.12 | -1.34 | 22 | 7.5 | 55 |70 | 90 | 79.97 | 79.78 | 0.19
8 |875(7.75] 65| 75| 80.01 | 83.67 | -3.66 | 23 | 7.5 | 55 | 60 | 60 | 86.51 |8531| 1.20
9 | 625(325|55|105| 7423 | 7236 | 1.87 | 24 | 7.5 | 55 | 60 | 120 | 97.71 |97.05| 0.66
10 | 8.75 |3.25| 55 |105] 78.17 | 7692 | 125 | 25 | 7.5 | 55 | 60 | 90 | 79.66 |78.77| 0.89
11 | 625|775 | 55 |105| 88.80 | 91.68 | -2.88 | 26 | 7.5 | 5.5 | 60 | 90 | 77.27 |78.77 | -1.50
12 | 875 | 7.75 | 55 | 105] 95.07 | 97.66 | -2.59 | 27 | 7.5 | 55 | 60 | 90 | 81.69 |78.77| 2.92
13 1625 |325| 65 |105] 81.13 | 7875 | 238 | 28 | 7.5 | 55 | 60 | 90 | 80.07 |78.77 | 1.30
14 | 875|325 | 65 |105] 79.41 | 83.17 | -3.76 | 29 | 7.5 | 55 | 60 | 90 | 75.54 |78.77| -3.23
15 1625|775 | 65 |105| 88.05 | 8833 | -0.28 | 30 | 7.5 | 55 | 60 | 90 | 78.38 |78.77 | -0.39
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Table 3. ANOVA results for the adjusted regression model

Degree of Sumof | Mean
Source/Term freedom | Coefficient| squares | squares | F-value | P-value” Remarks
(DF) (SS) (MS)
Model 14 1751.0 125.07 12.84 <0.0001 Significant
B, 80.76 0.55 Insignificant
Linear 4
X, 1 -13.04 0.224 Insignificant
X, 1 11.32 0.04827 Significant
X, 1 3.807 0.249 Insignificant
X, 1 -2.777 0.00543 Significant
Square 4
X 1 0.303 0.439 Insignificant
X, 1 0.09109 0.451 Insignificant
X, 1 -0.01440 0.555 Insignificant
X, 1 0.01379 0.000106 | Significant
Interaction 6
XX, 1 0.126 0.657 Insignificant
XX, 1 -0.00550 0.965 Insignificant
XX, 1 0.09723 0.03374 Significant
XX, 1 -0.217 0.007 Significant
XX, 1 0.02946 0.222 Insignificant
XX, 1 -0.00667 0.531 Insignificant
Residual 15 146.10 9.740
Lack of fit (LOF) 10 122.25 12.23 2.5636 0.155 Insignificant
Pure error 5 23.84 4.769
Total 20 1897.1
R?: 0.923; adjusted R%: 0.851; R? for prediction: 0.611

‘P-value < 0.05: statistically significant at the confident level of 95%

3. RESULTS AND DISCUSSION

3.1. Regression model and statistical analysis
for the FFA conversion in WCGO

The experimental and foreseen results of the FFA
conversion in WCGOs were shown in Table 2.
As per RSM, the full factorial CCD was utilized
to fix the acquired data to Eq. (3). As the results,
the best fit model was described in Eq. (4):

FFA Conversion (%) = 11.32X, —
2.777X4 + 0.01379X% + 0.09723X, X, —
0.217X,X;

The ANOVA results for the adapted
regression model were summarized in Table 3.
The suitability of the designed model was

evaluated as per F-value, P-value, R% and
lack of fit (LOF).”® At 95% confidence level,
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F-value and P-value were 12.84 and below
0.0001, respectively. Correlation coefficient,
R?, illustrated that 92.3% of the FFA conversion
variation was influenced by independent
variables as in Table 1. Only 7.7% of this
variation was from randomly errors. Moreover,
the LOF (0.155 > 0.05) shown that the LOF was
not significant. These values indicated that model
term are significant and suitable to forecast the
FFA conversion in WCGO.

Also, as shown in Table 3, each term in
the regression model was also evaluated to test
how well the importance and its interconnection
to the FFA conversion in WCGO. A P-value less
than 0.05 shows that this term is significant. After
withdrawing insignificant terms, by considering
the linear, square, and interaction impacts, the
linear term of H,SO,/WCGO catalyst content
(X,), and reaction time (X,), the square term of
reaction time (X,?), the interaction terms of X X,
and X X, were significant (as in Eq. 4).

Standardized Residuals vs. Run number
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The residual plots were investigated
for the model examining in Figure la — 1d.
The standardized residuals plot for all tests
were indicated in Figure la. It shows values
between £1.5 expressing that the estimation
of the fixed model to the response was quite
200d.%8
residual plot was utilized to express the issuing
figure of the data (Figure 1b). This plot was
almost linearly indicating that it was normally

The expected normal value and

issued in the model response. The correlation
between studentized residuals and predicted
values specified that the points were under the
meanwhile +2.5 (Figure lc). This designated
that there was no need for variation of the
response variable. The predicted values against
real benefits were indicated clearly in Figure 1d.
The data have linear conduct and are issued near
diagonal line. Consequently, the obtained model
is acceptable to predict the FFA conversion in
WCGO via esterification reaction.
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Figure 1. (a) standardized residual and run number plot, (b) expected normal value and residuals plot;
(c) studentized residuals and predicted values plot; (d) predicted values and actual values plot
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3.2. Interaction effects of the factors on the content (Figure 2e) is higher the slope of the
FFA conversion in WCGO molar ratio (Figure 2c) at the same reaction
The impacts of the interaction factors were time. Moreover, at the same temperature range,
. . 1 0
shown clearly in Figures 2a — 2f. The slope of the FFA conversion can be up to 100% and
. . . . 0 1 0,
the contour will decide the interaction’s degree 84% by using about 9 wt.% of catalyst content
of this variable to FFA conversion in WCGO (Figure 2d) and 10 mol/mol (Figure 2b).
— the higher slope is the greater effect gets. These results proved the importance of H,SO,
The higher slope of the contour of the catalyst catalyst on esterification reaction. Catalyst has
content indicated h]gher effect of this variable a vital effect on the FFA conversion as detailed
in comparison with the molar ratio (Figure 2a). coefficients in Eq. (4). Hence, the enlargement
Next, by using at least 1 wt.% of H,SO, (to of catalyst content expedites the speed of the
WCGO), FFA conversion clearly increase conversion from FFA to esters (biodiesel).
following the increasing of reaction temperature These results are consistent with the published
(Figure 2d). In addition, the slope of the catalyst results of the previous studies.®*
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Figure 2. Interaction effects of the factors on FFA conversion in WCGO: (a) molar ratio and catalyst content,
(b) molar ratio and reaction temperature; (c) molar ratio and reaction time; (d) catalyst content and reaction
temperature; (e) catalyst content and reaction time; (f) reaction temperature and time
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3.3. Optimization of variables for the FFA
conversion in WCGO

The aim of this study is to reduce the FFA
in WCGO as much as possible. Based on
experimental results, the FFA conversion
in WCGO changed from 65% to 98%,
approximately. With the intial FFA content about
7 wt.%, the experimental condition to gain 90%
of FFA conversion (final FFA content about 0.71
wt.%) were chosen to optimize via RSM. The
optimum parameters were determined clearly,
including the MeOH/WCGO molar ratio of 8.18
mol/mol, H,SO,/WCGO catalyst content of 8.74
wt.%, reaction temperature of 60 °C and reaction
time of 90 min.

Table 4. Some properties of the esterified oil

3.4. The fuel properties analysis of the final
product

Some important properties of the esterified oil
are shown in Table 4. Most of the properties
of the final product met the limits according to
standards of European Nations (EU), American
Society for Testing and Materials (ASTM) as
well as Vietnam (TCVN), except the viscosity
at 40 °C. The reason for this problem is that the
unsaturated fatty acids (palmitic acid, stearic
acid) content in WCGO are quite high.** The
viscosity of the unsaturated fatty acids increases
following the decrease of the number of double
bonds in the molecule. However, this problem
can be solved in the coming stages of biodiesel
production as well as in the blending with
petroleum based diesel.

Item Property Unit Test method Specification Result

1 FFA content wt.% ASTM D664 <1 0.71+£0.03

2 Density at 15 °C kg/m* | TCVN 6594 (ASTM D1298) 860 — 900 879+ 5

3 Viscosity at 40 °C cSt ASTM D445 35-5.0 53+0.2

4 Water content wt.% | TCVN 2631-1993 (ASTM D2709) <0.05 0.045 +0.002
5 Carbon residue wt.% TCVN 6324 (ASTM D189) <03 0.29 +£0.01

6 Sulfated ash wt.% EN 14538 (ASTM D874) <0.02 0.012 £0.002
7 Flash point °C TCVN 2699-1995 (ASTM D93) >130 152+2

4. CONCLUSIONS the acid-catalyzed esterification was explored

The conversion of FFAin WCGO by esterification
using CCD based on RSM was evaluated. Some
important conclusions are drawn as follows:

* The proposed model was applied to
forecast the influence of variables to lessen the
FFA content. The agreement of this model was
demonstrated by a high correlation coefficients
(R*=0.923).

» The FFA content in WCO is decreased
from 7 wt.%to 0.7 wt% and 90 % FFA conversion
was reached, within the advisable standard to
produce biodiesel (max 1 wt.% of FFA).

* The impact of experiment variables for

https://doi.org/10.52111/qn;js.2021.15309

and optimized as per RSM, such as the MeOH/
WCGO molar ratio, H,SO/WCGO catalyst
content, temperature and reaction time. RSM
indicated that the catalyst content are the most
important factor to the predicted model.

* Most of the properties of the final
esterified oil adapt as per strictly standards. This
may be a good cornerstone for the next stages of
biodiesel production.
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