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Abstract

Nowadays, on purpose to improve the performance of marine propulsion systems, 2-stroke
low speed diesel engines with fewer cylinders (5-7 cylinders) and lower maximum rate of
revolution are developed such as MAN Energy Solutions G- type (green) and Winterthur &
Gas Diesel (WinGD) X - type models. Not only providing better propulsion performance but
also having low costs of repair and maintenance, the fewer cylinders diesel engines are now
widely preferred and used. Lower rating but maintaining high corresponding power, the
compromise for such things is higher torsional vibration in concern with fatigue strength of
shafting system.
This paper investigates the transient torsional vibration concerning with fatigue lifetime of
shafting system of compact engine during quick passing of the barred speed range. According
to the tendency of the shaft design, time required to pass the BSR becomes longer and the
shaft breakage is often caused by the accumulated fatigue stress. The dynamic limiter function
developed by MAN Energy and Solution was applied to reduce the barred speed range
passage time. A series of experiments were carried out during actual sea trial to confirm the
effect of the dynamic limiter function on torsional vibration characteristic of barred speed range
passage. In addition, the accumulated fractional fatigue damage for each passage is
calculated in concern with the fatigue lifetime of the marine propulsion system.

Key words: torsional vibration, fewer cylinders, dynamic limiter function, barred speed range,

fatigue strength.
1. Introduction

Most of propulsion systems have a barred speed range. This range is often placed at the middle
of the DEAD SLOW (or SLOW) and HALF FULL setting speed. The current technology trend for the
diesel engine designs is low fuel consumption with the introduction of the EEDI [1]. The impact on
the EEDI of these designs has been positive, but on the other hand the power available for
acceleration of the vessel may have been reduced as well. It results some ships being too slow to
pass the barred speed range (BSR). A too slow passing the BSR can make negative consequences
for ship maneuvering and furthermore it makes the shaft lifetime reduced. Developed by MAN Energy
Solutions, the dynamic limiter function (DLF) helps to improve the acceleration of engine and ship
speed and maintain the speed in heavy weather condition.

In the actual maneuvering situations, especially maneuvering in port or at sea in adverse
conditions, the engineer does not have enough time for ship accelerating. The DLF helps engine
generate more power to pass the BSR quickly even at low or zero ship speed. The following
parameters influence the ability to pass the barred speed range quickly:

- the position of the BSR in the relation to engine specified maximum continuous rating

- the propeller light running margin

- the degree of heavy running of the propeller in the bollard pull condition

- the dynamic torque capability of the engine
2. The dynamic limiter function

A design value has been established to estimate the ability to pass the BSR sufficiently quick at
low or zero speed. This value evaluates the combined effect of the first three parameters mentioned
above. It has been named the BSR power margin. By using BSR power margin, it is possible to
design a vessel for quick passage of the BSR. The BSR power margin is defined as:

BSR,,, = PLF: R 100% D

P

where:
BSRpwm = BSR power margin
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Pp = engine power at BSR in the bollard pull condition
(P.-Pp) = available power surplus for propeller acceleration

The BSR passing time depends on the BSR power margin. This time is short at high value of the
BSR power margin but in case that the BSR power margin is smaller than 10%, the passing time
increases quickly. Therefore, it is necessary to apply a large BSR power margin in the ship design in
order to improve the BSR passing performance.

The trend of present and future for marine industry is reduction in fuel oil consumption [2]. Many
new designs had been applied on the diesel engine. The top dead center is made smaller while the
compression and firing pressure is maintained by closing the exhaust valve later than usual. By
applying this technology, the engine has lower maximum power output but higher efficiency. In this
case, the delayed exhaust valve closing means that the air amount contained in the cylinder is lower
than usual. With the reduction of air amount, it is necessary to reduce the corresponding amount of
fuel injection resulting lower generated torque. Smaller power but keeping the propeller as usual, this
design makes the passage of BSR slower.

The smaller top dead center is achieved by adjusting the shims under the piston. It is not simple
to modify this physical change. Engine torque capability depends on the amount of fuel injected into
the cylinders and the amount of air trapped in the cylinder when the exhaust valve is closed.
Fortunately, the exhaust valve timing can be fully electronically controlled with ME-C engine. In some
special case as during accelerating, it is possible to close the exhaust valve earlier to generate more
power. On electronically controlled engines, the amount of air trapped in the cylinder will be fully
independent of the scavenge air pressure. This is because a high scavenge air pressure layout will
be compensated by late closing of the exhaust valve, and a low scavenge air pressure layout will be
compensated by early closing of the exhaust. It is possible to combine with earlier opening the
exhaust valve to increase the energy of gases flow supplied to turbocharger then build up the
scavenge air pressure faster. By this way the acceleration process is improved and there is no black
smoke generated from engine. This new engine control functionally named the dynamic limiter
function [3]. All changes are achieved by electronic remote control; it is not necessary to change any
hardware on the engine.

3. Experiments and discussion
3.1 Experiments

In order to confirm the effect of DLF technology, a series of experiments were carried out on
MAN B&W 6G70ME-C9.5 diesel main engine of 160.000 DWT oil carrier. The measurement
procedure aims to observe the acceleration performance with and without DLF setting.

The tests were carried out following this procedure for each condition setting:

e Step 1: Make dead vessel, ship speed equals 0 knot.

e Step 2: Start main engine, operate at DEAD SLOW AHEAD setting for 30 seconds before
Step 3.

e Step 3: Set FULL AHEAD.

e Step 4: At FULL AHEAD engine speed, wait until ship reaches a certain speed.

e Step 5: Set DEAD SLOW.
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Figure 1. BSR quick passage of main engine in 160.000 DWT oil carrier with DLF full setting
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The time for BSR passages during acceleration were expressed in Figure 1. The time for BSR
passage with DLF full setting is reduced about 28.6% in the comparison with no DLF setting. The
time spent at speed near the resonance frequency is therefore also reduced. The DLF makes the
positive influences to improve the BSR passage time. The improvement of BSR passage is achieved
by increasing torque and power output from the main engine during acceleration. DLF can utilize the
full flexibility of the ME-C engine. With higher torque generated, it may or may not increase the
torsional vibration stress (TVS) level.

Figure 2 describes the measured torsional stress vibration on the intermediate shaft without and
with DLF. During accelerating without DLF, the mean torque (engine power) in red color increases
slowly while the vibration levels are higher. The maximum amplitude of TVS is up to 70 N/mm?2while
the peak of torsional stress reaches near to 100 N/mmzZ. In case of operation with DLF the TVS
amplitudes are smaller than 60 N/mmzZin both two levels of DLF. Focus on the mean torque lines,
the acceleration with DLF has lower vibration but the generated power increases more quickly than
without DLF, the BSR passages are significantly improved.
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Figure 2. Torsional stress vibration at intermedia shaft during BSR quick passage

Every machine part will be broken due to fatigue after a number of loading cycles [4]. The
fractional fatigue damage is proportional to the TVS amplitudes. Table 1 shows the fractional damage
of intermediate shaft during BSR acceleration in concern with torsional fatigue strength. The
intermediate shaft will be broken due to fatigue when its accumulated fractional damage reaches a
value of 1. According to measurement results, using DLF enhances the fatigue strength by 15 times
and prolongs shaft operation life-time respectively.

Table 1. The fractional damage calculation result

Name of test Fractional damage (x1075)
BSR passage without DLF 0.6
BSR passage with DLF full 0.04

3.2 Discussion

Why the generated torques is higher but the TVS is smaller? The answer is that it is the benefit
achieved from reduced time when passing BSR. By applying DLF, the time spent with the shaft
speeds in or near the resonance frequency is reduced. It does not have enough time to build up the
heavier vibration during BSR quick passage. On the other hand, faster acceleration makes heavier
load for propeller. It results the propeller damping is increased. Another reason for this phenomenon
is that the gases harmonic is changed by applying DLF, it makes the TVS resonance being different.

The development of the dynamic limiter function based on new dynamics simulation
environment. Applying DLF can improve the BSR passage performance. Furthermore, the DLF can
increases the power then help the engine generate more torque in up to 30 minutes, but it does not
increase the torque that the engine can continuously deliver. Basically, the DLF consists of the new
limiters and adaptive engine tuning [5]. The old and new limiters for the governor index during
accelerating to the ordered speed are illustrated in Figure 3. The new technology helps the
acceleration faster by applying higher limiters. The main engine can generate more power to improve
the acceleration performance. The DLF requires engine to be preheated. When the DLF has been
active for 30 minutes, it will gradually roll back to the normal fuel index limiters. To active DLF again
it may take several hours waiting for cooling.
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Figure 3. The comparation between old (a) and new limiters (b) for the governor index

The new limiters setting is recommended to pass the BSR easier and quickly as shown in Figure
4. The operating procedure is divided into 3 steps:

e Step 1: Engine starts (points 1, 2), speeds up to right below BSR (point 3); wait until vessel
moving reaches a certain speed corresponding to the engine speed (point 4).
Step 2: Set engine speed right above BSR (point 5); wait until engine speed reaches setting
speed (point 6).
Step 3: Set desired speed (point 7).
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Figure 4. The new limiters for BSR quick passage
4. Conclusion
Marine propulsion shafting systems with fewer cylinders diesel engine having lower maximum
rate of revolution has high propulsion efficiency. Having low costs of repair and maintenance, the
compromise for such things is higher torsional vibration in concern with fatigue strength of shafting
system. Developed by MAN Energy Solutions, the DLF supports to increase the acceleration ability
of engine and ship speed. Through a series of experiments during the official sea trial and
comprehensive review, the results can be summarized as follows:
1. The DLF helps the BSR be passed through rapidly to prevent the TVS from reaching full
stress level, maintain the speed in heavy weather condition. By applying DLF, the main
engine can generate more power, then the BSR passing time is shorter by 28.6 %.

N6i san Khoa hoc Khoa May tau bién ~ S6 38 - 04/2020




2. The fractional damages due to TVS were calculated for each experiment concerning fatigue
life-time of propulsion system. The DLF enhances the fatigue strength by 15 times during
BSR quick passing. More power generated but smaller TVS, the BSR passage performance
is improved.

3. The higher limiters and adaptive engine tuning are consisted in the DLF. The new limiters
setting and the procedure for acceleration operation are recommended to pass the BSR
easier and quickly.
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PHAN TiCH THONG KE CAC THONG SO CHINH CUA TAU AHTS DIPA TREN
DI LIEU DPANG KY TAU PHU HOP VO! BIEU KIEN HOAT DONG TAI VIET
NAM

STATISTICALLY ANALYZE THE PRINCIPAL PARAMETERS OF AHTS BASED
ON VESSEL REGISTRATION DATA SUITABLE TO OPERATING CONDITIONS
IN VIETNAM
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Tém tit
Bai béo duwa ra phén tich théng ké va xac dinh céc céng thirc hdi quy cho céc théng sé chinh
clia tau AHTS (Anchor Handling Tug Supply) dwa trén di liéu déng ky tau, phu hop véi diéu
kién hoat dong tai Viét nam. Truéc tién, bai béo gidi thiéu téng quan vé tau AHTS va muc
tiéu nghién ctru. Tiép theo dé phuc vu cho viéc phén tich, bai bao dwa ra nguén tham chiéu
va théng ké dir liéu. Trén co s& phén tich cac di lidu thong ké céc théng sé chinh, xay dung
duoc céac cong thire héi quy tuyén tinh mé td mbi quan hé gitta chung véi céc yéu té déc
trirng cda tau AHTS. Két qua thu duoc véi dd chinh xac kha cao duoc biéu thi théng qua hé
s6 héi quy, co thé str dung dé xéc dinh so b6 céc thong sé kich thudée, cong suét cia dong
co chinh cho thiét ké tau AHTS phuc vu tai Viét Nam.
Twr khéa: tau AHTS, théng sé tau.
Abstract
The paper presents the method of statistical analysis and determination of regression
formulas for principal parameters of AHTS (Anchor Handling Tug Supply) based on ship
registration data, suitable to operating conditions in Vietnam. At first, the author gives an
overview of AHTS vessels and the research objectives. After that, the author shows
reference sources and statistical data. Based on the analysis of statistical data on the
principal parameters, linear regression formulas was developed to describe the relationship
between them and the specific parameters of AHTS vessels. The results obtained with high
exact values of regression coefficient, which can be used to preliminarily determine the
dimensions and power of the main engine for designing AHTS ships in Vietnam.

Keywords: AHTS vessels, principal parameters.
1. D4t van dé
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Tau AHTS (Anchor Handling Tug Supply Vessel), sau day dwoc goi tat [a AHTS, la loai tau
cong trinh d&c biét, dwoc phat trién thiét ké tr nhdm tau kéo két hop véi nhom tau phuc vu cong
trinh ngoai khoi OSVs (Offshore Support Vessels). AHTS dwoc thiét ké va ché tao véi cac chirc
nang rat chuyén dung, hoat dong ngoai khoi, chil yéu cung cép céac dich vu chung cho céac gian
khoan dau. Tuy nhién, v&i tinh nang linh hoat, AHTS con c6 thé cung cép céc dich vu hé tro cho cac
phuwong tién hoac cac céng trinh khac trén bién.

Nhiém vu chinh ctia AHTS la kéo gian khoan va dinh vi chan dé, xcr ly neo va day neo gian
khoan v&i dd chinh xac cao. Phan Ién AHTS duoc trang bi hé théng dinh vi déng DP (Dynamic
Positioning) giup tiép can chinh xac cac dbi twong va duy tri trang thai lau dai & mot vi tri. AHTS c6
mot hé théng thiét bi nang ha va toi kéo nham dwa cac khdi neo xubng day bién gitr cho cac gian
khoan 6n dinh. AHTS con dwoc st dung nhuw la mét cong cu hiéu qua dé ngadn nglra cac gian khoan
dau bi 1at, cac loai rdi ro xay ra ngoai khoi va ciru hd, clvu nan cho cac phwong tién, cong trinh khac
trén bién. AHTS hé tro x&r ly ngay lap tirc kha nang neo, kéo hodc tac dong xung lwc kéo cho cac
tau gap nan hoac bi méc ket.

Ngoai nhiém vu chinh, nhiéu AHTS con dwoc trang bi thém cac san dac biét, cac can cau
hang nang dé x(& ly cac cdng trinh ¢é khéi lwgng 16N, cac san ché hang phang, san dap truc thang,
cac t bom chira chay véi san lwong I6n, cac ro-bét 18n, cac khoang va thiing ché hang,... dé [am
cac nhiém vu bd sung khac. Cac nhiém vu doé cé thé 1a: van chuyén cau kién hodc hang nang; van
chuyén thiét bi chuyén dung cho gian khoan; van chuyén va cung cép vat liéu ran (xi-mang, bun déc
biét,...), chéat 1dng, chat khi, hoa chét (nhién liéu, nwéc ngot, liquid mud, base oil, brine, saraline,
methanol,...); thu hdi nwéc thai, dau thai, dau tran cho gian khoan; chiva chay,...

Co thé néi rang, AHTS la sy két hop cda rét nhiéu chirc nang trong mét than tau. AHTS 1a
mot trong nhikng sang tao cua thé gidi vé cong nghé bién, khong chi gitp phat trién cong nghé khai
thac bién ma con glup ngdn nglra cac rdi ro Ién trén bién.

Viét Nam la quéc gia ¢ cac vung bién, thém luc dia rong I6n va ciing la noi c6 trién vong dau
khi 16n. Hoat dong tim kiém, tham do dau khi & Viét Nam da dwoc bat dau trién khai & mién véng
Ha Noi va vung triing An Chau t» nhirtng ndm 1960. O’ thém luc dia phia Nam, cdng viéc nay dwoc
tién hanh tr nhirng nam 1970. Dén nay, céng tac tim kiém thdm do da xac dinh duoc tri lwong dau
khi cia Viét Nam c6 thé thu hdi va co ban danh gia tiém nang dau khi cta Viét Nam dd kha nang
céan dbi bén virng cho hoat dong khai thac dau khi, d@m bao an ninh nang lwong cta dat nuwéc trong
twong lai. T ndm 1992, dich vu dau khi da dwoc nhin nhan c¢é vai trd quan trong trong toan bo hoat
dong cua nganh cong nghiép dau khi Viét Nam v&i muc tiéu lam chu thi treong trong nwdc va vron
ra thi treong quoc té. RS rang voi nhirng van dé néu trén, nhu cau vé doi tau AHTS dbi véi nganh
coéng nghiép dau khi Viét Nam Ia rat Ion.

Muc tiéu cGa nghién ctru nay 1a théng ké cac thong sb chinh ctia AHTS, dua trén di liéu dang
ky tau, phu hop véi diéu kién hoat ddng clia nganh céng nghiép dau khi Viét Nam. T d6, phan tich
va dwa ra cac chi sé, cac cong thirc hdi quy md ta sw lién quan gitra cac di liéu; phuc vu cho viéc
lwa chon so bd cac tham sé chinh trong thiét ké AHTS.

2. Théng sé chinh ctia cac AHTS hoat dong tai Viét Nam

Théng ké 45 AHTS thudc s& hiru cla cac cong ty dich vu dau khi Viét nam, dang ky véi co
quan Bang kiém Viét Nam (VR — Vietnam Register) va Dang kiém My (ABS — American Bureau of
Shipping), dwoc déng méi tir ndm 2001 tréd lai day, cé gidi han cac théng sb cho trong Bang 1.

Béang 1: Giéi han céc théng s6 cta AHTS thudc sé hiru cia Viét Nam

) ) Téng
Lvckéo | Trong | Chieu | o | chigy | chigu | 10¢96 | cong
e I&n nhat tai tau dai tau S oes A A L s tau I&n suat
Gi¢i han p £ dai tau rong tau | chim tau P A
: BP DWT I&n nhat L 5 q nhat doéng co
(tons) | (tons) | Loa(m) (m) (m) (M) | Viax (kn) | chinh
Pm (KW)
Min 50 1200 56,00 48,80 13,50 4,20 13,5 3132
Max 200 3190 76,00 68,15 18,50 7,00 16,5 12000
Average 92 1280 63,40 56,70 15,5 5,25 14,2 -
3. Nguén tham chiéu va di liéu
3.1. Ngudn tham chiéu
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Dé dam bao tinh xac thwe cla di¥ liéu, nghién ctru
nay chi tap trung vao cac doi twong AI-[TS duwoc dang
ky chinh thirc v&i cac co quan dang kiém, do la: ABS

350 4330

(American Bureau of Shipping), BV (Bureau Veritas), %250 ]

DNV-GL (Det Norske Veritas), CCS (China 2200 1
Classification Society), LRS (Lloyd's Register of 8150 | .
Shipping), IRS (Indian Register of Shipping), RINA 3100 + 84

(Registro Italiano Navale), RS (Russian Maritime 50
Register of Shipping), VR (Vietnam Register) va mét so
co quan dang kiém khac.

28 23 15 19

A A O I A O I IS o o
Dé& dam bao phan anh ding xu hwéng phat trién &S0 F @9%@7’%@3’ @?’%\\?’%\@
clia AHTS trong hoat dong ctia nganh céng nghiép dau & S &7@/@» F e S %/\%{&“’
khi trén thé gidi néi chung va Viét Nam ndéi riéng, cac Q o

AHTS duoc lwa chon tham chiéu déu dwoc dong méi tiv
nam 2008 tr& lai day.

Voi 654 AHTS dwoc chon tham chiéu, s6 lvong va ty 1& tau tham chiéu c6 ngudn gbc quan ly
tlr cac co quan dang kiem duwoc biéu thj trong Hinh 1.
3.2. Gi®i han cac thong s6 cua tau tham chiéu

Céac thong sb chinh cta 654 AHTS dwoc chon tham chiéu c6 gidi han phi hop véi diéu kién
khai thac dau khi tai Viét Nam dworc liét ké trong Bang 2.

Béng 2: Giéi han cdc théng sé6 cia AHTS dwoc chon tham chiéu

Hinh 1: 86 lwgng va ty I¢ AHTS tham chiéu.

. ) Téng
onnhat | tarthy | daitay | Cheu | Chidu | chidu | GRED | SR
Giéi han . £ dai tau rong tau | chim tau P A

: BP DWT I&n nhat L B q nhat déng co

(tons) (tons) Loa (m) (m) (m) M| Vi (kn) | chinh
Pm (kW)
Min 70 839 50,00 44,40 13,50 3,80 12,5 3600
Max 200 4642 88,40 84,58 18,50 7,75 18,0 16000
Average 112 2157 67,50 60,30 15,5 5,66 14,7 -

4. Phan tich théng ké div liéu than tau
4.1. Chiéu dai tau

Day |a mot thong sb lién quan truc tiép dén lwong chiém nwéc va tbe dd tau. N6 ¢6 anh huéng
dang ké dén trong lwong cla két cdu than tau, clu trdc thwong tang va trang thiét bi trén boong.
Ngoai ra, né con anh hwéng I16n dén ca kha nang chdng chim va tinh nang hanh hai ctia tau (chuyén
dong, tang tbc, tai trong déng, tdng strc can va gidm tdéc d6 hanh hai).

Ly thuyét thiét ké tau chi ra rang, chiéu dai tau cé quan hé véi kich thuwéc tau va st chéd
hang. Tuy nhién, vi AHTS la loai tau cong trinh dac biét, da chirc nang, khong phai loai tau ché hang
théng thuwong, bdi vay cac mébi quan hé clia chiéu dai tau véi cac tham sb khac khéng gidng nhuw dbi
v&i cac tau thong thuweng. Hai tham sé duwoc dé cap & day, dé 1a: mé dun khdi LBd [m3] (1a tich sb
chiéu dai tau L [m], chiéu réng tau B [m] va chiéu chim tau d [m]) va strc chd hang DWT [tons] (hay
con goi la trong tai tau).

Chiéu dai tau I&n nhéat Loa [m] (con goi 1a chiéu dai toan bd) va chiéu dai gitra hai duwong
vudng goc Lyp [m] 1& hai tham s6 chinh dwgc phan tich theo mé hinh hdi quy tuyén tinh, bang phwong
phap binh phwong téi thiéu. Két qua dwoc thé hién trong Hinh 2 va cac cong thire (1), (2), (3), (4).
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2,000 4,000 6,000 8,000 10,000 12,000 14,000 - 2,000 4,000 6,000 8,000 10,000 12,000 14,000
LBd [m3] & DWT[tons] LBd [m®] & DWT [tons]
0 Loa-LBd A Loa-DWT © Lpp-LBd A Lpp-DWT
— Linear (Loa-LBd) — — Linear (Loa-DWT) — Linear (Lpp-LBd) — —Linear (Lpp-DWT)
Hinh 2: Héi quy tuyén tinh Loa = f(LBd), Loa = f(DWT), Lpp = f(LBd), Lpp = f(DWT).
Lo, =3,772x10° x (LxB xd)+462 [m] Q)
Lo, = 8982x107° x DWT +48.1 [m] @)
L, =3194x10° x(LxB xd)+423 [m] 3)
L, =7.529x10™° x DWT +44,1 [m] (4)

Trong céac cong thire tir (1) dén (4), hé sb xac dinh hdi quy R2 dat cac gia tri kha tbt, diéu do
cho thdy mé hinh va két qua thu duoc thé hién ré xu hwéng, dang tin cay, dat do chinh xac tham
chiéu can thiét cho thiét ké so bo.

4.2. Chiéu réng tau

Chiéu rong tau lién quan va chiu anh hwéng rat Ién béi cac yéu té én dinh ban diu va én dinh

tai nan. Ngoai ra, cling nhw chiéu dai tau, chiéu réng tau lién quan truc tiép dén lvong chiém nwoc
va strc ben thén tau. N6 co anh hwdng dang ké dén trong lwong cla két cdu than tau, clu tric
thwong tang va trang thiét bj trén boong.

Quan hé gitra chiéu rong tau B [m] v&i md dun khdi LBd [m3] va sirc ché hang DWT [tons]

duoc phan tich theo mé hinh héi quy tuyén tinh, bang phwong phap binh phuong tdi thiéu. Két qua
dwoc thé hién trong Hinh 3 va cac cong thire (5), (6).

=25

o
20
15

10

E° |
o [e] o8 16) 6)
0y 2 76‘8’ S
A ° 7 ]
° o
6
5
4
O R2=‘0.813 3 O R2=‘0.828’
2 T
\
A ge=0.706 1 A R=0.701
l 0
2,000 4,000 6,000 8,000 10,000 12,000 14,000 - 2000 4,000 6,000 8000 10,000 12,000 14,000
LBd [m3] & DWT [tons] LBd [m3] & DWT[tons]
o BLBd A BDWT o d-LBd & d-DWT
— Linear (B-LBd) — — Linear (B-DWT) — Linear (d-LBd) — — Linear (d-DWT)
Hinh 3: Héi quy tuyén tinh B = f(LBd), B = f(DWT), d = f(LBd), d = f(DWT).
B =0,748x107 x(LxBxd)+120 [m] )
B =1674x107° x DWT +126 |m] 6)

Trong céac cong thirc (5) va (6), hé sb xac dinh hoi quy R2 dat cac gia tri tbt, diéu do cho thay

mé hinh va két qua thu dwoc thé hién rat ré xu hwdng, dang tin cay, dat do chinh xac tham chiéu

canth

iét cho thiét ké so bo.

4.3. Chiéu chim tau
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Chiéu chim tau lién quan va chju anh hwong rat Ion béi cac yéu td chidu cao man kho, 6n
dinh ban dau va 4n dinh tai nan, hé thong day va diéu déng tau.

Quan hé gitra chiéu chim tau d [m] véi mé dun khéi LBd [m3] va sirc ché hang DWT [tons]
dwoc phan tich theo mé hinh hdi quy tuyén tinh, badng phwong phap binh phwong téi thidu. Két qua
dwoc thé hién trong Hinh 3 va cac cong thire (7), (8).

d =0,396x10"° x(LxBxd)+343 [m] @)
d =0873x10° xDWT +3,78 [m] ®)

Trong céac cong thirc (7) va (8), hé sb xac dinh hdi quy R2 dat cac gia tri tét, diéu d6 cho thay
mé hinh va két qua thu dwoc thé hién rat ré xu hwdng, dang tin cay, dat do chinh xac tham chiéu
can thiét cho thiét ké so bo.

5. Phan tich thdng ké dir liéu céng suat cia hé thdng day tau

Strc ché hang DWT la théng s dac trung chinh cho AHTS. Tuy nhién, AHTS khéng phai
duoc thiét ké dé chuyén ché hang héa thwong mai, nén stirc chéd DWT thwdng khdng twong xirng
v&i cong suét clia hé théng day tau (cong suét clia ddng co day hay cong suét clia dong co chinh).
B&i vay, thay vi tham chiéu theo DWT, viéc tham chiéu theo tham s kich thwéc dac trung cho do
I&n cha than tau sé phu hop hon; d6 chinh la tich md dun khéi LBd [m3].

g 16,000 g 16,000
‘_‘E 14,000 ““E 14,000
* 12,000 730/ * 12,000
10,000 10,000
8,000 8,000
6,000 & 6,000
4,000 4,000
2,000 Re=10.593 2,000 R?=0.930 |
0 0
2,000 4,000 6,000 8,000 10,000 12,000 14,000 0 50 100 150 200 250
LBd [m?] BP [tons]
© Pm-LBd —Linear (Pm-LBd) °© Pm-BP — Linear (Pm-BP)
Hinh 4: Héi quy tuyén tinh Pr = f(BP), Pm = f(LBd), Pm = f(DWT).
P, =1113x(LxBxd)+1498 [kw| )
P, =57,366xBP -82 [kW ] (10)

Lwc kéo BP (Bollard Pull) 14 tham sé chinh, d&c trung cho AHTS, c6 quan hé mat thiét voi
cbng suét clia hé thong day tau. Trong thiét ké tau, nguwoi ta da chi ra rang cong suét cta hé thdng
nang lwong hoac hé thong day chinh sé& quyét dinh dén kha nang kéo.

Phan tich cac sb liéu clia cac AHTS dwoc thye hién theo m6 hinh hoi quy tuyén tinh, bang
phwong phéap binh phwong téi thiéu. Két qua cta phan tich, mbi quan hé gitra tbng cong suét cla
doéng co chinh P [kW] v&i mé dun khéi LBd [m3], luc kéo BP [tons] duwoc thé hién trong Hinh 4 va
cac cong thire (9), (10).

Cong thire (9) hé sb xac dinh héi quy R2 dat yéu cau, cdng thirc (10) hé sb xac dinh hdi quy
R2 dat gia tri rat tét, diéu d6 cho thAy mé hinh phan anh dang nhirng phan tich da dwoc dé cap va
két qua thu dwoc thé hién rat ré xu hwéng, dang tin cay, dat dd chinh xac tham chiéu can thiét cho
thiét ké so bo.

5. Két luan

Do cac AHTS 4 loai tau da nhiém, da tinh nang, nén céc théng sb chinh cta ching khéng
tuan theo cac quy luat nhw déi véi cac tau thwong mai thong thuwdng. D6 la Iy do gidi thich tai sao
phai xay dwng cac quy luat riéng cho thiét ké so bd AHTS. Cac AHTS dwoc st dung phuc vu cho
khai thac dau khi tai Viét Nam ciing khdng ndm ngoai quy luat nay. Tuy nhién, vi cé nhitng déc thu
vé pham vi s& dung trong thuc té, do d6 viéc xay dwng cac quy luat tham chiéu cho phu hop la diéu
can thiét.

Ngoai cac yéu té kich thwdc tau, hé thdng nang lwong ctia AHTS thudng dwoc trang bi cac
hé thdng xuét cong suat (PTO) va nhap cong suat (PTI — Power Take In) rat phire tap. B&i vay, cling
phai xay dwng cac quy luat riéng dé Iwa chon cdng suét cho hé thdng ndng lwong clia AHTS.
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Van téc tau la mot thong sb chinh va rat quan trong déi voi cac AHTS. Tuy nhién, trong nghién
ctru nay khéng dé cap dén, do la do ché dod cong tac clia AHTS rat phirc tap Khong giong nhw cac
tau théng thwong, cong suét ctia hé théng dong co chinh hodc cong suét clia hé théng ndng lwong
ngoai phan phébi cho day tau, con dwoc cung cap cho nhidu nguén tiéu thu véi cac ty 1& khac nhau,
tuy theo trng ché do cong tac cua AHTS. Voi cac AHTS hién dai, viéc diéu chinh téc do tau va phan
phdi cdng suét dwoc hé tro béi hé thdng dinh vi dong.

Két qua cac phan tich thu dwgc thong qua cac cong thire hdi quy, v&i dd chinh xac can thiét,
c6 thé dung Iam ngudn tham chiéu trong thiét ké so bd cac AHTS phuc vu tai Viét Nam.
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NGHIEN CU'U GIAI PHAP BINH VI CONTAIENR TRONG CANG
UNG DUNG CONG NGHE RTK-GPS
STUDY SOLUSSION TO LOCATE CONTAINER IN THE PORT USING RTK-GPS

TECHNOLOGY
PGS.TS. Tran Hong Ha, ThS. Nguyén Kim Anh, TS. H6 Thi Hwong Thom
Trwong Pai hoc Hang hai Viét Nam
ThS. Lé Ngoc Tuan
Céng ty Cé phén Pau tw va Phét trién Céng Pinh Vi

Tém tat:
Viéc xéc dinh vij tri container tai cac kho béi la mét hoat déng vé cung quan trong va cén thiét
trong lwu théng hang héa qua céng, doi héi do chinh xac cao va téc dé nhanh. Hién tai, da
phén céc céng déu dang va da chu trong déu tw, ndng cap vé céng nghé, phan mém quan ly
dé dam béo viéc nay. Noi dung bai bao dé xuét giai phép xéac dinh vj tri container trong cang
str dung céng nghé dinh vj thoi gian thuc RTK-GPS (Real-time Kinematic Global Positioning
System) két hop v6i céc tin hiéu cdm bién thu duoc tir cac thiét bj gén trén xe gép container
dé tinh ra toa do, sau dé &nh xa toa do nay véi co sé& di liéu kho bai dé xac dinh vi tri day-
hang-tang (bay-row-tier) ciia container. M6 hinh cta gidi phap da duwoc |&p dat va kiém nghiém
thuc té tai cang, vi tri ctia container thuc té trung khép so V6i vj tri tinh toén trén phdn mém.

T khéa: RTK-GPS, container, cang

Abstract
Locating containers at the ports is an extremely important and necessary activity in the
managament of containers through ports, requiring high accuracy and fast speed. Presently,
most ports are investing and upgrading technology and management software to do this
works. The content of the article proposes solutions to locate containers in the port using RTK-
GPS (Real-time Kinematic Global Positioning System) real-time positioning technology
combined with signals obtained from sensors that installed on the reach stackers to calculate
position of the container, then map this position to the post database to determine the
container's bay-row-tier location. The model of the solution was installed and tested at the port,
the position of the container actually matches the calculated position in the software.

Key worlds: RTK-GPS, container, port

1. D&t van dé

Trén thuc té, hang héa lwu théng qua cang dwoc chira trong cac container. M6i khi tau cap cang,
céac container hang dwoc xép vao kho bai va méi khi can chuyén di, cac container nay dwoc bbc gé.
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Thoéng thudng cac hoat dong bdc va xép container tai cang dwoc thwe hién bang xe nang hoac xe
gap container, nguwoi lai xe vi thé can phai biét chinh xac vi tri container & dau dé co the didu chinh
chinh xac can nang. Ngoai ra, khi container dwoc bbc hodc xep, Vi tri cGa né ciing can dwoc cap
nhat lai vao kho lwu trir di liéu dé phuc vu viéc theo déi va quan ly. Hoat ddng nay thudng dwoc
nhan vién lai xe kiém nhiém va thyc hién thu cong bang tay qua ghi phleu do d6 ho budc phai thuéc
long hang nghin vj tri cta container trong cang. Khéng nhirng thé, dé béc go’ duwoc 01 container,
nhiéu khi ho khéng chi phai thao tac véi 01 container d6 ma con phai di chuyén va cap nhat lai vi tri
ctia nhirng container khac bi dich chuy&n dé béc g& dwoc container can 1y, nghia la nhan vién phai
thao tac rat nhiéu lwot. Viéc nay lam mét théi gian va céng stre, nhiéu khi gay ra nhirng sai sét trong
viéc cap nhat va quan ly di¥ liéu. Cac cang thwc sy can mot hé thdng dinh vi gitp xac dinh va cap
nhat vi tri cac container trong kho bai mét cach tw déng, nhanh chéng va chinh xac.

V&i sy ra doi cla cac hé thdng vé tinh dinh vi toan cau, hién nay cdng nghé dinh vi dang dwoc
phat trién manh mé va trién khai nhiéu &ng dung rat hiéu qua trong dinh vi va dan dwdng, quan ly
giao théng [1]. Trong sé cac cong nghé dinh vi gan day dwoc ap dung, RTK-GPS duwoc xem nhu 1a
mot trong cac ky thudt tot nhat va co thé gitip hé thdng dinh vi dat d6 chinh xac cao dén cap do
centimet [3]. Trong pham vi bai bao, nhém tac gia trinh bay nhirng nghién ctu vé viéc (rng dung
RTK-GPS trong bai toan dinh vi container dwoc xép d& bang cac xe nang tai cang Dinh Vi, Hai
Phong.

2. Co s& ly thuyét vé GPS va cong nghé do dong theo thi gian thwec RTK-GPS
2.1. GPS va van dé sai sé trong dinh vj

C6 thé néi hién nay hé théng dinh vi toan cau GPS chiém mét vai trd quan trong trong nhiéu linh
vuc clia doi séng kinh té, xa hoi b&i nhirng trng dung da dang cla né [1]. Pay la hé théng xac dinh
vi tri dwa trén vi tri cGia cac vé tinh nhan tao quay quanh trai dat do B6 Qubc phong My thiét k&, xay
dwng, van hanh va quan ly. Khi cac vé tinh quay quanh trai d4t, chung quay theo mét quy dao xac
dinh va phat tin hiéu cé cac théng tin vé toa dd va thdi gian phat xudng trai dat. Cac may thu GPS
nhan théng tin nay va béng cac phép tinh lweng giac tinh dwoc chinh xac vi tri clia ngu’c‘yi dung. GPS
ban dau dwoc phat trién cho muc dich quan sy nhung hién nay dwoc sy cho phép cua chinh phu
M§, moi ngwdi trén thé gidi déu co thé sir dung mot so chire nang cua GPS mien phi.

GPS tuy tinh toan vi tri rat chinh xac nhwng van ludn c6 sai sb va sai s6 nay cé thé la vai mét
hoac vai tram mét [1]. Nguyén nhan cla nhung sai s6 d6 c6 thé 1a do diéu kién cua tang dién ly
kh|en tin hiéu bi cham di khi di qua khi quyen anh huo’ng cla bao tir, chat Iuang cla may thu hay
sb vé tinh quan sat dwoc, tham chi do sw cb y gidm chét lwong tin hiéu vé tinh cla B6 quoc phong
My dé chéng lai viéc cac déi thi quan sw dung tin hiéu GPS dan dwéng cho hé thong v khi ctia ho
[2]. P& chinh sai s6 vé mirc kha dung va tang do chinh xac trong dinh vi, mét sé ky thuat GPS nang
cao da duoc dé xuat nhu DGPS (Differental GPS), PPP (Precise Point Positioning), Post Processing,
RTK GPS. Trong s6 d4, RTK-GPS dwoc cho 1a mét trong nhivng k§ thuat tét nhat va cé thé gidp cho
hé théng dinh vi dat do chinh xac dén cap do centimet [3].

2.2. M6 hinh va nguyén ly hoat déng cua RTK-GPS
Mo hinh hoat déng clia RTK-GPS dwgc md ta trong hinh 1 [4]:

K.Y Zb K.Y .ZY %\5 Xxzy
o \ P
i R 4 e :
(KYZY ! '”’\,-"" o : XYZYH
2| SN
" “ooropteg s TR H
RS P s ,\'\’ i /./
S aan .....-:-.-.:...i"‘* -
. Reference < Fix the
4 StationX.Y.Z Ambiguity

® Pseudo-range

; 2 cm accurac
Y Carrier Phase Y

b)
Hinh 1: M6 hinh hoat déng ctia RTK-GPS

Theo d6, mét hé théng RTK-GPS gdm: 01 tram tinh (tram Base) dat tai mot diém gbc da duwoc
xac dinh chinh xac toa dd, mét hoac nhiéu tram ddng (tram Rover) dét tai cac diém can xac dinh toa
dd. Ca hai loai tram nay déng th&i thu tin hiéu ttr vé tinh, riéng tram tinh c6 thém hé théng phat phat
ra tin hiéu cai chinh tinh toan sy sai léch gitra toa dd gbc clia né va toa do vé tinh tinh dworc, cac
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tram ddng sé thu tin hiéu cai chinh nay dé cai chinh toa do clta diém can xac dinh. Nguyén ly nay
c6 thé hinh dung nhw sau [5]:

- Toa dd tra vé tir thiét bj thu GPS cla 1 diém gém vi dd (X), kinh dd (Y) va cao do (Z) cla
diém do trong hé toa d6 WGS84.

- Gia st tram Base dwoc cb dinh tai mot diém A c6 toa d6 da dwoc xac dinh rd (Xa, Ya, Za).
Gia str may thu GPS tai A xac dinh toa d6 cla A 1a (Xsa, Ysa, Zsa), khi d6 tin hiéu cai chinh
phéat ra tir A s& chira cac thong s6 X=Xa-Xsa, Y=Ya-Ysa, Z=Za-Zsa.

- Néu may thu GPS tai tram déng B tra vé toa do (Xsg, Yse, Zsg) thi toa dd cai chinh cho diém
B la Xe=Xsg+X, Ye=Ysp+Y, Zp=Zsp+Z.

Sai sb clia k¥ thuat nay trén ly thuyét cé thé dat dwoc la 10mm + 1ppm Rms sai s6 vé vi tri diém,
20mm + 1ppm Rms vé cao dd [4], do d6 d6 chinh xac khi dinh vj cé thé dat dén cap d6 centimet
ho&c decimet phu thudc vao sb gia cai chinh cta tram tinh.

3. Giai phap dinh vi container trong cang
3.1. Xdc dinh bai todn va giai phap

Muc tiéu ctia hé théng dinh vi container tai cang la co thé biét dwoc chinh xac vi tri container &
dau theo céac théng sb bay-row-tier ngay khi container dwoc xép ha va cap nhat mét cach tw dong
vao phan mém quan ly. V& mat ly thuyét, hé théng hoan toan cé thé thwe hién dwoc nhd ap dung
céng nghé RTK-GPS véi mét tram tinh dwoc cb dinh vi tri va tram ddng 1a cac container can dinh vi;
sau khi cé dwoc toa dod cla container ta chi cn anh xa toa do nay véi moét ma bay-row-tier twong
ng da dwoc xac dinh trwéc va lwu trir trong co sé& div liéu vé ban db cang.

Tuy nhién, trén thwc té sé lwong container

tai kho béi ctia cang rat nhiéu, nhiéu container Bargm
duoc xép chdng lén nhau nén viéc gan thiét bj

thu GPS trén t4t c& cac container la khong kha ¥
thi, thay vao dé cac anten thu phat GPS sé

dwoc gan trén cac xe gap container. Dé tranh v tin hiSu vi chinh
kha n&ng bi nhiéu do d&t qua gan cac chong
container, cac anten thu phat sé duwgc dat trén
noc xe va khi d6 toa dd ma hé théng RTK-GPS
tinh dwoc m&i chi 1a toa d6 cla xe gap Tirh toén ¥i tri %2 néng
contaner. D& xac dinh vj tri thwc dat container
thi can biét thém khoang cach tir toa do cua xe
dén vi tri tha container, géc nghiéng va hwong
quay cla tay can gép container. Trén xe gap
container c6 thé st dung thém 02 loai cam bién Th tin hide cim bisn
(cam bién do géc nghiéng, cdm bién do chiéu "ﬁ?‘fﬁ‘?_’r{;ﬁfﬁ:h
dai) va 01 la ban dé c6 dwoc cac sb liéu trén. - )

1
Thu tn hige vé inh GPS ‘

L

3.2. M6 hinh tinh toan cua bai toan
M& hinh tinh todn dé xac dinh vi tri Tich thodne choh e e
container khi xép ha trong cang gom 3 budéc vi tri thil conminer, cao 48 contines
nhw mé ta dwéi day (hinh 2): .
- Bwéc 1. xac dinh toa d6 xe gép @
container tir thiét bi GPS gén trén xe va =7
tin hiéu vi chinh ttr tram tinh. Tith toa g6 continer 3

- Buwor 2: xac dinh toa do container tir
toa do xe gap container va cac tin hiéu
cam bién dai, cdm bién nghiéng, géc

Xac dinh vitrl
bEy-row-tisr c1E continer

quay cla la ban.
- Buworc 3: anh xa toa do container voi vi
tri bay-row-tier twong rng trong co s&
dir liéu so dd kho bai dé tim ra vj tri cta
no. " Hinh 2: Lwu dé thuéat toan xac dinh vi tri container
3.2.1. Xéc dinh toa d6 xe gdp container bang céng nghé RTK-GPS
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Toa dd xe gap container dwoc xac dinh dwa vao cac thiét bi RTK-GPS gén trén xe. Hinh 3 minh
hoa cac thiét bi nay gdm: anten thu GPS, anten thu tin hiéu radio va bo x ly tin hiéu RTK-GPS. Khi
cac anten thu tin hiéu va g t&i bd x& ly qua hé théng cap ndi, chwong trinh cai dat sdn trén thiét bi
sé tw dong tinh toan va tra vé chinh xac toa do
cta diém do gdm vi do, kinh d6 va cao do.

3.2.2. Xac dinh toa dé container

bay la budc thtr hai trong md hinh tinh [
toan. Dau vao cla bwdc nay 1a toa do cla xe
gap container, cac tin hiéu do géc nghiéng, do
chiéu day tay can gap container va géc xoay
cta la ban. Bau ra cta budc x ly 1a toa d9,
cao d6 cla container. Quy trinh tinh toan co
thé chia lam 2 bwéc con 2.1 va 2.2 nhw hinh 2. Hinh 3: Anten thu tin hiéu va bo xt ly RTK-GPS

e Bwéc 2.1: Tinh khoang cach twr xe

gdp téi vj tri tha container va cao dé cda container so véi mat dat

ai budc nay, biét dwoc chiéu dai va goc nghiéng cla tay can cung cac tham sé cb dinh cla xe
gép container ta hoan toan tinh dwoc khoang céach tlr xe t&i vi tri tha container va cao dé cua
container so v&i méat dat. Hinh 4 mé phdng viéc tinh toan trén loai xe R1 va twong ty cho cac loai xe
gap container khac, theo do khodng cach va cao dd cla container dwoc tinh lan lwot theo cbng thire

(1) va (2).

hE

1

Container

Hinh 4: Mé t& hinh hoc phép tinh khodng cach tir xe gap t6i vj tri thd container va cao dé cia
container

A,= L.cos(a) 1)

h’E = h’C - CE
hg = (L.sin(a) + hg) — (CD + ED) (2)

Trong do6:

+ A, vahela khoang cach va cao do cén tinh (E mép trén contalner)

+L= BC(cm) la chleu dai tay can xe gap v6i B, C lan lwot 1a diém dau (vi tri gan thiét bi thu GPS)
va diém cudi ctia can nang (diém cao nhét cla tay can). Tw thiét bi thu GPS dét tai B ta thu dwoc
toa do va cao do hs ciia diém B, tu d6 tinh dwoc he (cao dd cla diém C so v&i mat dat)

+ o la goc nghiéng cua tay can so Voi phwong ngang.

+ D |a diém dau gau chup container. Méi loai xe c¢é d6 dai CD va ED cb dinh.

e Buworc 2.2: Tinh toa dé vi tri tha container

Toa dé vi tri trd container dwoc xac dinh tir toa dd GPS cla xe gap container, khodng céch tir
xe t&i vi tri tha va géc quay cla la ban cdm bién gan trén xe. Hinh 5 mé ta cach xac dinh nay [6]:

Gia st A(Na, Ea) 1a toa dd xe gap container, B(Ne, Eg) 1a toa do vi tri tha container. Gia st goc
quay cla la ban la aas (géc phwong vi ctia doan thang AB), khodng cach tir A dén B |a Sas da biét.
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Theo hinh vé ta co:
AX,p = Syg-cosaug (3)

X

AYAB = SAB' SinaAB (4)

Toa dd diém B sé dwoc xac dinh theo cbng thire:

XB =XA+AXAB (5) AY

Yg =Yy + AV, ) B Jotaa
3.2.3. Tim vij tri bay-row-tier ctia container D X

~Kho bai chtra coptaiper tai g:éng duwoc chia thanh cac A

khoi (block), moi khoi gom nhieu day (bay), moi day Y
gom nhiéu hang (row) va moi hang géom nhieu tang  Hinh 5: Cach xac dinh toa do GPS clia mot
(tier). Khi container duwgc xép vao bai, container sé diém

nam & moét 6 twong ng véi mét dia chi bay-rovy-tier
cu thé. Viéc xac dinh vi tri container dwgc quy vé‘ viéc tim dung dia chi bay-row-tier clia container.
Hinh 6 mo6 ta cach xép container tai cang va so do bay-row-tier twong &ng.

Hinh 6: Cach xép container tai bai cang

Céc bay duwgc danh s6 theo thtr tw 1, 3, 5, 7... v&i loai container 20’ va 2, 6, 10, 14... véi loai
container 40’. Cac row va tier trong méi bay dwoc danh s theoth®r tw 1, 2, 3, 4, 5. Trong hinh, block
C7 gdm céc container 20’, 6 mau xanh c6 vi tri bay-row-tier 1a C7-7-2-3 twong wng v&i toa dé dinh
vi gia dinh 12 20°50'33.513N, 106°46’07.9412E, 7.78m (chiéu cao container 2.591m*3).

Gia s co s& di¥ liéu ban dd cang da dwoc xay dwng va lwu trir dwdi dang file trong d6 chra
toa dd, cao d6 cac 6 vi tri xép container va ma bay-row-tier twong trng. Phan mém tinh toan chi can
thwe hién cac truy van dir liéu dé tir toa d6, cao dd xac dinh & bwdc trén tim ra vi tri bay-row-tier ctia
container.

4. M6 hinh thir nghiém va két qua thuc té
4.1. M6 hinh thtr nghiém

/ Wi tiah
| GPS
e f;;'
i L/,-f”
(D -
0 P |
€sDL . A ,’»l’f §
Hoat déng nghigp vu ) 4. { rf’
[ ‘\_}\ [ — ¥
—_— 5 P.‘L‘.—_-__ -
% S, & 5909 Ragiy wﬂlh_r;
™~ Ravee
omJ
Toue Tram BASE
My tirih —
Trin we Cam bidn
ohp ctng

Tram déng {Rover)

Hinh 7: Mé hinh hé théng RTK-GPS thd nghiém
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Mb hinh hé théng thtr nghiém dwoc md ta nhw hinh 7, gdm 01 tram Base va cac tram Rover la
cac xe gap container.

Tram Base: dat & vi tri xac dinh (trung tdm cang), gdm 01 anten thu GPS, 01 bd x{r ly va 01 cap
ndi tir anten thu t&i bd x& ly; 01 bd phat séng radio cong suét Ién, 01 anten phéat va 01 cap ndi tr bd
phat radio t&i anten phat.

Tram Rover: dét trén néc xe gdm 01 anten thu GPS, 01 anten thu tin hiéu cai chinh, 01 cdm
bién dai, 01 cam bién nghiéng va 01 la ban 360° (hmh 8). Ngoa| ra trén xe con c6 01 bo xw ly tin
hiéu, cac cap ndi tw cac anten thu tin hiéu dén bod xo ly, ttr b6 x(r ly t&i may tinh cong nghlep gén
trén xe va 01 phan mém RTK- GPS c6 kha nang giao tiép v&i ngwoi lai, tinh toan va hién thi vj tri
container, sau d6 guri di liéu ve may chd nghiép vu dé cap nhat vao co sé& di¥ liéu quan Iy kho bai.
Két nbi gilra may tinh trén xe gap container va may chl nghiép vu dwoc thwe hién théng qua tin hiéu
Wifi thiét 1ap trong cang.

Anten GPS

Anten thu tin hiéu cai chinh

Cam bién nghiéng

Hinh 8: Xe gdp conainer va céc thiét bj gén trén néc xe

Hinh 9 minh hoa giao dién phan mém RTK-GPS trén xe gap container. Cach thirc hoat dong
cla phan mém va quy trinh boc xép container tai cdng dwgc mo ta trong phan 4.2.

Block va Bay & vi tri xe gip

. container dang dung -
CONG VIBE coarer | @siom | Thoat
- Tim | Hoan tat Thict lap
List cong viéc Tl x7 [ w8 | xe | oc A3 |09(10) 3 0 |rRe
= )] 03(04)) | 07106)| 0918)] 11(12)] 33014 v.uul 17030

22G0 KMTU7335600 Dvis » >
NT / o P osmmesy  Cac container
22G0 TRHU2698380 DV20 4 duoc xép & block
NT WU | rocu Load bea| 3 bav xe gi
45G0 GESU6764700 LN 3 1300 container dang
NT e GITu s
5 T SO0 16 9110115

22G0 SITU2897456 ©DVos | oo dores
NT — N Nhap vi tri

=Ty sy | b orsu
22G0 SEGU1881797 Cvis O116202 GOLUDAT JOTIY AZINI27 -
NT / s i v Q‘A:- anl ara Xoa vi
Y200 _LIETIID2G2 747 (V)2 =) ! 2 3 4 S
| ; TLm DM I

Hinh 9: Giao dién phdn mém RTK-GPS

4.2. Thwe nghiém hé théng xac dinh vi tri container tai cang

Khi tau cap cang, cac container dwoc nhan vién giao nhan tai cu tau cap nhat s container, sb
chi vao hé théng quan ly théng qua cac may handheld cam tay, bo phan diéu dé khai thac can ct
vao list container nay dé gtri Iénh phan bb xép container t&i cac may tinh trén cac xe gép container
dang lam nhiém vu trén bai. Khi container dwoc van chuyén tir ciu tau vao khu vuc xép, nguoi li
xe chi viéc chon container trong list cdng viéc cé sén rdi thwc hién viéc gap tha container vao bai, hé
thdng phan mém sé tw dong tinh toan va cap nhat vi tri bay-row-tier ciia container. Thwc nghiém qua
trinh trén v&i hé thébng RTK-GPS dé cai dat tai cang Dinh Vi, Hai Phong, ta cé két qua nhw hinh 10:
vi tri bay-row-tier tinh dwoc va hién thi trén man hinh may tinh xe gép container va vi tri bay-row-tier
thwe té hoan toan trung khop.
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22G0 KMTU7335600 Dvis
N saamin

2250 TRHU2698380 v

NT = Load bay

4550 GESU6764700 Cxn ) P —
T —— - Refresh

22G0 SITU2897456 Dves

NT —————

22G0 SEGU1881797 tvis

Chon 1énh gip container

Hinh 10: Vi tri bay-row-tier thuc té va trén phdn mém RTK-GPS

Ngoai ra, thuc nghiém hé thébng RTK-GPS véi qua trinh ddo chuyén container ciing cho két qua
twong tw. Vi tri container thuc té trén bai va vi tri bay-row-tier hién thj trén phan mém truéc va sau
khi d&o chuyén hoan toan trung khép (hinh 11).

Vi tri trude X e i Yoo By Vi tri sau ; Lond by

N\

a) b)

Hinh 11: Vi tri container truéc (a) va sau khi dao chuyén (b) thuc té va trén phdn mém

Két luan
Noi dung bai bao da trinh bay vé giai phap dinh vi container s& dung cong nghé RTK-GPS va
nhiing két qua thwrc nghiém tai cang Dinh Vi Hai Phong. Vé co ban, day la giai phap dwa vao toa
dd GPS cla xe gép container va cac tham sé do dwoc tiv cac cdm bién dé tinh ra chinh xac toa do
clia container, tra cu toa d6 dé trong div liéu ban d6 cang cho trwdc dé tra vé vi tri bay-row-tier
twong ng. Két qua thwc nghiém cho thay hé théng dinh vi hoat déng chinh xac, thoi gian dinh vi
nhanh chéng, két qua trd vé tirc thoi (ngay sau khi hoan tat viec gap tha container) khién cho hoat
doéng gidi phong container khoi kho bai dién ra nhanh chéng. Ngoai ra, do biét trwéc sd container va
hé théng tw dong tinh toan, cap nhat vi tri nén nguoi lai xe khéng phai nhap sé container va vi tri
bang tay, nhé d6 rat ngén dwoc thdi gian va nang cao dwoc nang suat lam viéc tai cang.
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NGHIEN CUU TiNH TOAN THIET KE HE THONG KHi NEN THAY THE HE THONG PIEN-DIEN
TU BE PIEU KHIEN TU XA BUO'C CHAN VIT TAU THUY
RESEARCH ON CALCULATION TO DESIGN THE PNEUMATIC SYSTEM TO REPLY
ELECTRIC-ELECTROLIC SYSTEM FOR REMOTE CONTROL OF SHIP’S PROPELLER PITCH

Pham Hiru Tan*, Vii Anh Tuan
Khoa May tau bién, Truong Pai hoc Hang héi Viét Nam
*Email: phamhuutan@vimaru.edu.vn
Tém tit
Bai b&o di nghién ctru tinh toéan thiét ké hé théng khi nén thay thé hé théng dién-dién tir dé
diéu khién ttr xa buéc chan vit tau thay. Hé théng khi nén thay thé cho hé théng dién —dién
ttr phdi ddm bao day du tinh néng diéu khién, chi bdo buéc chén vit nhw hé thdng diéu khién
ttr xa budc chén vit bang dién-dién tir. Hé théng khi nén thay thé da khdc phuc duoc nhiing
nhuwoc diém cla cac hé thong dién - dién t&r dang duwoc ap dung hién nay trén tau thay.
Nhuoc diém cta céc hé théng diéu khién tor xa buéc chan vit bang dién-dién tw la hoat déng
kém chinh xac trong cac méi trwong co nhiét d, do am cao, moi truong rung I&¢c manh trén
tau thay. Hé thong khi nén cé wu diém la hoat déng an toan, tin cay, do bén cao véi gié thanh
I3p dat hé thbéng thép. Hé théng c6 thé hoat dong duroc trong moi didu kién moi truong, thoi
tiét, khi hdu khac nghiét trén tau thay.
Ttr khéa: Chén vit bién budc, didu khién ter xa, Khi nén, budc chan vit.
Abstract
The paper goes to research on calculation to design the pneumatic system to reply electric-
electrolic system for remote control of ship’s propeller pitch. The pneumatic system that
replaces the electric-electronic system must ensure full control feature and pitch propeller
indicator as the remote control system of propeller pitch by using electric-electrolic system.
The alternative pneumatic system has overcome the disadvantages of electric-electronic
systems being applied on ships. The disadvantage of the remote control system of propeller
pitch by using electric-electrolic system is that the operation is less accurate in environments
with high temperature, humidity, strong vibration environment on ships. The pneumatic
system has the advantages of being safe, reliable and durable, with low installation cost. The
system can operate in all environmental conditions and bad weather on ship.

Keywords: Variable pitch propeller, remote control, pneumatic power, propeller pitch..

1. Dat van dé

Tau thay trang bi chan vit bién buéc 1am téng tinh co ddng clia tau thay. Dé thay ddi chiéu
chuyén dong hay téc d6 chuyén dong cla tau thay thi chi can thay ddi bwdc chan vit theo chiéu tién
hay Ui ma khong can thay ddi chiéu quay hay toc dd quay cGa may chinh. Chinh vi vy ma may
chinh cta tau thay it phai lam viéc & ché do khéi dong, sé giam dwoc mai mon céc chi tiét, ting tudi
tho may chinh cla tau thdy. Tham chi trong qua trinh thay ddi tbc d6 tau thi may chinh van dwoc
duy tri & mét tbc dd quay dinh mirc nén co thé phat huy tét cédng suét ctia may chinh.

Tau thay trang bi chan vit bién budc déu duwoc diéu khién tir xa bwdc chan vit tir budng lai va
budng may cla tau. Diéu nay giup thuyén vién chi déng hon trong qué trinh diéu déng tau. Hé théng
diéu khién tir xa bwdc chan vit trén tau thay hién nay déu 1a hé théng diéu khién bang dién - dién
tlr. Hé thdng nay c6 nhwoc diém 1a 1am viéc kém 6n dinh trong méi trwéng nhiét do, d6 Am cao va
diéu kién song gio cua tau thuy. Diéu _nay dang gay kho khan cho nguwoi van hanh, khai thac trén tau
thay. Heé thdng phirc tap doi hdi thuyén vién phai c6 trinh do vé dién - dién to.
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Hién nay cac hé thdng khi nén dang dwoc ap dung nhiéu dé diéu khién tir xa may chinh,
nhwng chwa ap dung dé didu khién tr xa bwéc chan vit tau thay. Hé théng diéu khién tir xa tbc do
may chinh hoat déng theo nguyén ly twong tw hé thdng didu khién tlr xa bwdc chan vit. Tay diéu
khién tbc do dat trong budng may khi thay dbi sé lam cho ap suét khi nén tac déng vao b diéu tbc
thay ddi, tin hiéu vao bd diéu téc thay déi, bd diéu tbc sé diéu chinh téc dd dong co thay ddi. Vi
diéu khién tir xa bwdc chan vit thi tay diéu khién bwdc chan vit thay dbi sé co tin hiéu t¢i mé van
diéu khién cap dau vao xilanh phu, piston cla xilanh phu dich chuyén mé& van phan phéi dau vao
xilanh dich buéc. Hé théng thay lwc khi nay ciing lam nhiém vu diéu khién buwédc chan vit. Nhw vay
tin hiéu diéu khién tlr xa buéc chan vit ciing chi la diéu khién mé van phan phéi dau vao xilanh dich
bwéc va cling chi la thay ddi tin hiéu vao cho hé théng thay lwc diéu khién bwéc chan vit. Theo cac
tac gia dwoc biét thi cling chwa cé cong trinh khoa hoc nao dé cép t¢i van dé nay. Chinh vi vay ma
viéc nghién ctru tinh toan thiét k& mot hé théng diéu khién tir xa bwdc chan vit tau thay béng khi nén
thay thé cho cac hé théng diéu khién bang dién-dién tt 1a can thiét. Cac hé théng nay dung cho diéu
khién tir xa tbc dd may chinh da chirng minh dwoc tinh wu viét cia né nhw lam viéc 6n dinh, tin cay,
an toan vé&i dd bén cao. Hé théng lam viéc dwoc ca trong mdi trwdng cé nhiét do va dd am réat cao,
ca trong diéu kién rung I&c I&'n cda tau thay. Trwdc tién bai bao di gidi thiéu qua nguyén ly diéu khién
chan vit bién bwéc tau thay.

2. Nguyén ly diéu khién chan vit bién bwéc tau thay

Chan vit bién bwdc tau thay la loai chan vit co thé thay dadi dugc buoc cla no nhw hinh 1b.
E)e thay ddi dugc budc chan vit thi trong than chan vit co bd tri co' ciu thay dbi bwdc chan vit. Co
céu nay dwoc ndi vai piston cla xilanh dich bwdc bdi mét truc nhé (truc dich buo’c) dat trong than
cla truc chan vit. Trong truc nay co6 bd tri cac dworng dan dau téi hai khoang cla xilanh dich buwéc
b6 tri & phia dau clia than chan vit. Truc dich budc nho ra tai phia dau tw do cla truc banh rang bi
dong dat trong hop gidm té¢c may chinh. Tai day bé tri van phan phéi diu thay lwc nhw hinh 1c. Buéc
chan vit thay aéi du nho mot hé théng thay lwc diéu khién bwédc chan vit nhw hinh 1a.

Hinh 1. Hé théng diéu khién bwéc chan vit bing dién - thiy Iwc [2]
a) Hé thong di;éu khién bwdc chan vit bang dién - thay luc.
b) Chan vjt bién bwéc tau thdy.
¢) Van phén phdi dau vao xilanh dich budrc.

Nguyén ly diéu khién bwédc chan vit nhw sau: Khi cé tin hiéu diéu khién tlr budng lai hay trong
budng may, tin hiéu s& dwa dén mot trong hai phia cta van diéu khién bang dién (loai van phan phbi
4/3). Gia thiét tin hiéu diéu khién tang bwdc chan vit theo chiéu tién, khi nay cudn hat bén trai co
dién day van diéu khién sang lam viéc & vi tri bén trai. Dau diéu khién dwoc cap téi khoang bén trai
ctia xilanh phuy, con diu & khoang bén phai ctia xilanh phu sé& dwoc hdi vé thap ap. Piston cta xilanh
phu dwoc ddy sang phai, cAn ACB sé xoay quanh diém B sang phai diy van phan phdi sang lam
viéc & vi tri bén trai. Dau thly lwc tir mot trong hai bom thiy lwc c6 ap lwc cao sé dwoc cap toi
khoang bén phai cta xilanh dich bwéc, con dau & khoang bén trai cia xilanh dich buéc sé dwoc hdi
vé thap &p. Piston cua xilanh dich bwéc dich sang trai va cAn ACB xoay quanh diém C. Khi buéc
chan vit thay dbi dung theo yéu cau diéu khién thi cum phan hdi dwa tin hiéu t¢i bod diéu khién dé xor
ly va cudn hat ctia van diéu khién mét dién, van tré vé vi tri gitra, cac dwdng dau vao xilanh phu
duoc khda lai. Khi nay can ACB lai xoay quanh diém A day van phan phéi vé lam viéc & vi tri gitra,
khéa cac dworng dau téi xilanh dich bwérc, piston ctia xilanh dich bwéc dirng lai & vi tri méi va bwéc
chan vit m¢i dwoc xac lap.
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Qua trinh diéu khién bwoc chan vit theo chiéu IUi dwoc thye hién twong tw nhw diéu khién
bwéc chan vit theo chiéu tién nhwng trinh ty thye hién thi nguwoc lai.

3. Thiét ké hé théng diéu khién tir xa bwéc chan vit bang khi nén

Céc phan tt khi nén duoc s dung dé thiét ké hé thdng diéu khién tir xa buéc chan vit d&
duoc st dung rat nhidu trén tau thay trong cac hé théng diéu khién tir xa tbc d6 may chinh. Qua
kiém nghiém thwc t& dbi voi hé théng diéu khién tir xa tbc d6 may chinh thi cac phan tir nay hoat
dong rat 6n dinh, chinh xac va tin cay. Cac phan ttr nay cé thé hoat dong &n dinh trong ca mai trwdng
khac nghiét trén tau thay nhw moi trwdng cé nhiét do va do Am cao, tham chi ca trong méi trwdng
nwéc, mdi trwdng rung Iac manh cla tau thay.

Dé thiét ké hé théng diéu khién tir xa bwdc chan vit bing khi nén thay cho diéu khién tir xa
béng dién-dién t& nhw hinh 1a thi hé thdng phai c6 nhirng thay ddi nhw sau: Thay xilanh phu loai
thay lwc tac déng hai phia béng xilanh khi nén tac ddng mét phia nhw hinh 2a va bd hé théng dau
thay lwc diéu khién. Nhw vay hé théng thay lwc diéu khién buéc chan vit chi con gir lai hé thdng
thay lwc chinh. Thay cum phan héi va chi bao bang dién thanh cum chi bao bang khi nén kiéu van
diéu chinh ap lwc khi nén nhu hinh 2b. Cum phan héi bay gi® chi ¢4 chirc ndng chi bdo buéc chan
vit, con chirc nang phan hdi bay gid do xilanh phu khi nén dam nhiém. Cum diéu khién t&» xa bang
dién trong budng may hay trén budng lai thay bang cum diéu khién tr xa béng khi nén nhw hinh 2c.
Cum nay bao gdm mét van diéu khién ap suat khi nén nhw hinh 2b, mét can diéu khién ma bén dwoi
c6 bd tri cam thay ddi lwc ty vao van diéu khién dé thay ddi ap suét ctra ra ctia van. Trén cum diéu
khién con cé déng hoé chi bao bwéc chan vit kiéu ap ké& khi nén.

Cam diéu khién
van digu khién

Cén didu khién tir xa
buéc chan vit

Vit diéu chinh cam

Giodng lam kin Van diéu
R khién khi
L6 xo phin hdi én
Dudng khi nén ra Duong khi nén vio = !-
Khoang xa ———_ [ piston I z = I
Gioang lam kin—~] Ban didu E E % § g
khién chan o] ] = =5 g
vit bién 8 3 & = EX
busc 5 = 2 E g
u = N k- 2 n = &
" Lo xo diéu chinh z = = 3 E
) £ | [} 5 ~
Pé dor 10 x0 & E g Z 2
a) L5 xi khi = " Q "

c)
Hinh 2. Céc phén tir cum diéu khién tir xa bwéc chén vit bing khi nén
a) Xilanh phy khi nén tac dong mét phia [3];
b) Van diéu khién khi nén [3];
c) Cum diéu khién tir xa bang khi nén

Céch bb tri xilanh phu khi nén diéu khién van phan phéi dau vao xilanh dich bwéc va cum chi
bao bwéc chan vit dwoc thé hién nhw trén Hinh 3.

So d6 hé thong diéu khién tir xa budc chan vit bang khi nén duoc thiét ké nhw trén Hinh 4.
Trong d6 phan hé théng thly lwc diéu khién bwéc chan vit van gitr nguyén, chi thay déi phan diéu
khién tlr xa bang khi nén thay cho dién - dién tcr.

Xilanh phy khi

Xilanh phy khi Py Kt
i nén didu khidn

nén didu khién

Gioi han
baccenan S35 %
Vit theo (@) Goihan
e ®
chiéu I0i U buéc chan vit

il theo chidu I
-

Khi nén chi bio bude t 0,5-7KG/em®

Khi nén diéu khién
tir 1-10kG/em®

Ngudn khi nén
30kG/em?

bng dau thay lyc cho didu
khién buéc chan vit

Thiét bi chi bo busc
chan vit bang khi nén

a) b)
Hinh 3. Céch bé tri xilanh phu khi nén diéu khién bwéc chén vit va bé tri cum chi bdo
bwéc chén vit bing khi nén
a) Cach bé tri cum chi bdo buwdc chan vit béng khi nén va cac vit giéi han budc chan vit
theo chiéu tién va Iui;
b) Céch két ndi xilanh phu khi nén véi van phan phdi déu vao xilanh djch buéc.
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Hinh 4. Hé théng diéu khién tir xa buérc chan vit bang khi nén

Nguyén ly hoat dong cla hé théng nhu sau: Khi chwa diéu khién thi tay diéu khién & budng
lai hodc budng may dwoc dat & vi tri “STOP”, mé& ngudn khi nén cap t&i hé théng diéu khién. Khéi
dong mot trong hai bom thay lwe sé 1 hodc sb 2. Khi chwa c6 tin hiéu diéu khién thi van phan phdi
dau vao xilanh dich buéc & vi tri gitra, khéa dau cép téi xilanh dich bwéc, con dau tir bom thay lwc
sé& di tt qua van phan phdi vé thap ap.

Khi diéu khién bwéc chan vit trong budng may van chuyén ddi vi tri diéu khién dwoc chuyén
sang vi tri diéu khién tai budng may. Néu diéu khién buwéc chan vit theo chiéu tién thi tay diéu khién
bwéc chan vit dwoc day sang chiéu tién “AHEAD”. Khi nay cam diéu khién gan & phia dwdi cia tay
diéu khién sé ty 1&n ty cGa van diéu khién nhiéu hon, van diéu khién sé diéu chinh ting ap suét khi
diéu khién cép t¢i khoang bén trai ca xilanh phy, nén 16 xo cia khoang bén phai xilanh phu lai.
Piston cta xilanh phu dich chuyén sang phai diéu khién van phan phéi lam viéc & vi tri bén trai cta
van. Dau thay lwc tr bom sé dwoc cap téi khoang bén phai cia xilanh dich bwéc day piston cla
xilanh dich bwéc dich chuyén sang trai dé tang bwéc chan vit theo chiéu tién. Khi lwc do ap suét khi
nén tac déng Ién bén trai piston cla xilanh phu khi nén can béng v&i lwe do stre cang 16 xo tac déng
lén bén phai piston cha xilanh phu thi piston ctia xilanh phu dirng lai. Van phan phéi bi kéo vé vij tri
gitra, khéa dworng dau vao xilanh dich budc. Khi nay piston cuia xilanh dich bwéc sé dirng lai xac
lap mét budc chan vit mai theo chiéu tién. Khi piston cla xilanh phu dich chuyén thi cam gén tai vi
tri diém A cling xoay lam lwc ty 1én ty clia cum chi béo ciing ting 1én, 4p suét khi nén dwa t&i ddng
hd chi bao buéc cling téng 1&n thé hién bwéc chan vit tdng theo chiéu tién.

Déi v&i cac hé thdng, thiét bi trén tau thay khi mudn hoan cai phai tuan thi theo tiéu chuan
clia SOLAS 74 cla IMO va cia QCVN 64: 2015/BGTVT-Quy chuan Quéc gia vé sédn pham coéng
nghiép dung cho tau bién. Cac hé thdng khi nén trudc khi dwoc 1&p dat 1&n tau thay phai dwoc thi
théa man do an toan clia hé théng, cac tinh nang diéu khién va cac diéu kién méi trwéng trén tau
thay. Khi két qua thir nghiém dap rng dwoc cac tinh nang trén va cé chirng nhan cla dang kiém thi
mé&i dwoc phép 1ap dat 1én tau thiy. Dé thiét ké dwoc thanh cong hé théng khi nén thay thé cho hé
thdng dién- dién t& diéu khién tir xa bwdc chan vit thi ap suét khi diéu khién téi thiéu pmin, 4p suét
khi nén diéu khién cuc dai téi da pmax va kich thuwéc xilanh phu trong hé théng khi nén phai dwoc
tinh toan thiét ké maot cach hoan chinh. Cac thiét bj khac nhw van diéu chinh ap lwc khi nén va ap ké
khi nén dé chi béo buéc chan vit sé lwa chon theo cac thong s pmin Va pmax.

4. Thiét lap cac cong thirc tinh toan thiét ké hé théng khi nén diéu khién tir xa bwéc chan vit

Hinh 5 gi&i thiéu so dd dé tinh toan thiét ké hé thdng diéu khién tir xa bwéc chan vit bang khi
nén. Hinh 5a la so d6 tinh toan mé men xoay can diéu khién van phan phéi diu vao xilanh dich
bwéc. Hinh 5b |a so db tinh toan thiét ké xilanh khi nén.

Hinh 5. So 6 tinh todn thiét ké hé thong diéu khién tr xa bwéc chan vit tau thay bang khi nén
a) So do tinh toan mémen xoay can diéu khién van phan phéi dau vao xilanh djch buéc;
b) So dob tinh toan thiét ké xilanh khi nén.
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T so dd hinh 5a va theo tai liéu [4, 5, 6], mémen ma sat clia cum can diéu khién va van cp
dau vao xilanh dich bwéc dwoc xac dinh theo cong thirc sau:

2 ) , .
M, =2.0,153.7.d, 'Li-@'*z-o,lf)&ﬂ.dl L23'ua)2R1 +_7rd2 L /U_w ( )
" w2 2k
d,
2 3
" o 0206 SR L @
2
Lwc dé xoay can diéu khién van phan phéi Fx dwgc xac dinh theo cong thirc sau:
FX = M = % (3)

R R

T hinh 5b va theo tai liéu [4,5,6] thi strc cang 16 xo ban dau (Foi) khi 16 xo day piston cla

xilanh phu sang trai rng v&i buwdc chan vit & vi tri lui t6i da dwoc xac dinh theo cbdng thirc:
. Fon=Co.Xo _ ) . o (4)
Lwc 10 xo ban dau phai I&n hon Iwc xoay can diéu khién van phan phoi dau vao xilanh dich
bwédc. Nhw vay dé 16 xo cé thé day dit khoat piston cta xilanh dich bwéc ta ¢ thé lay Fox= 4 Fx [6].

T do:
C, =4

R.X, (5)

Ap suét khi nén ban dau pmin tao ra lwc can bang véi lwc 16 xo ban dau tic 1a Fruin= Fon , tir
day ta co thé xac dinh dwoc ap suéat khi nén diéu khién ban dau pmin 1a:

— 16 M (6)
Phrin _16W
Lwe 16 xo khi bi nén t6i da Fimax twong dwong véi vi tri piston cla xilanh dich bwéc bj day
sang phai tdi da. Vj tri nay 1a vi tri ma bwéc chan vit tién téi da tng véi khodng dich chuyén téi da
Smax clia piston dich buéc chan vit.

lemax —Co-[X0+Smax.Rj (7)
rs z Y F IR1
Ap suat khi nén diéu khién cwc dai cap vao xilanh phu khi nén pmax dwoc xac dinh nhw sau:
4 S,..R
pmax :ﬂ__D:lZCO'[XU-’_ Rl ] (8)
Chiéu dai tdng cua 16 xo dwoc xac dinh theo cong thirc sau [6]:
_ SmacR |1 D (9)
g ‘[X“ R, J[ ! t.x]

Trong do6:

ds - dwdng kinh cb truc van phan phéi dau vao xilanh dich buwéc (m);

dz - dwdng kinh truc can diéu khién tai vi tri 6 d& (m);

hi - khe h& gitra truc va vé van phan phéi dau (m);

hz - khe h& gitra truc va vé 6 d& can diéu khién (m);

M - 0 nhét ddng lwc hoc cla dau thay lyc (Pa.s, N.s/m?);

L1, L3- chiéu dai ¢b truc ctia van phan phéi tai vi tri tiép xuc (m);

Ls- la chiéu dai bé mat tiép xdc cta 6 d& truc can diéu khién (m);

- tbc dd goc xoay truc diéu khién van phan phéi (rad/s);

Myoay - MGmen xoay can diéu khién van phan phéi dau vao xilanh dich buéc (Nm);

R - Céanh tay don tinh tir tam truc diéu khién van phan phdi dén vi tri két ni véi xilanh phu
khi nén;

Ri - Céanh tay don tinh tlr tdm van phan phdi dén tam truc diéu khién van phan phéi;

Smax la hanh trinh cwc dai clia piston trong xilanh dich bwéc chan vit (m);

dix - dwdng kinh day 16 xo (m);

tix - bwée 16 xo.
5. Két qua tinh toan

Xét cu thé cho mét nhédm tau cé céng suét dinh mirc clia may chinh 1a 5000kW, vong quay

dinh mire cha chan vit [a 185 v/p. Céc théng sb két cdu cia cum diéu khién van phan phbi dau vao
xilanh dich bwéc dwoce cho trong Bang 1.
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Béng 1. Céc théng sb6 két cdu hé théng diéu khién tir xa bwéc chén vit bing khi nén

d1 d> R R1 L1 L3 Ls Xo h1 hz Smax
(m) (m) (m) (m) (m) (m) (m) (m) (m) (m) (m)

0,1 0,03 0,3 0,3 0,03 0,02 0,04 0,05 0,1.10° |0,15.10°% 0,24

Déi v&i hé thdng khi nén diéu khién tir xa buwéc chan vit thi viéc tinh toan thiét ké cac thiét bi
quan trong nhét 1a tinh toan thiét ké xilanh khi nén, ap suét khi diéu khién téi thiéu pmin va ap suét
khi diéu khién tbi da pmax. C4c thiét bi khac nhw van diéu chinh ap lwc, ap ké chi béo budc sé duoc
chon theo &p suét pmin Va pmax. Cac thiét bj sau khi d& dwoc tinh chon sé order ctia cac hang cung
cép thiét bj ¢ co uy tin trén thé gi¢i dé cung cip cac thiét bj khi nén.

Trén co s& cac cong thirc trén, tac gid da s& dung phan mém Visual basic dé tinh toan cac
thong sb thiét ké hé théng khi nén diéu khién tlr xa bwdc chan vit. Két qua tinh toan dwoc thé hién
trong Bang 2.

Béng 2. Céc théng sé tinh toén thiét ké hé théng diéu khién tir xa bwéc chén vit bang khi nén

Mms Co Pmin Pmax Lix D1 D2 b Lx Lcan
(Nm) | (N/m) | (N/m?) (N/m?) (m) (m) (m) (m) (m) (m)
135 36000 |1,6.10° 8,0.10° 0,3 0,12 0,01 0,04 0,28 0,38

6. Hiéu chinh bwéc chan vit tau thuy

Ta xét cho nhém tau cé cong suat may chinh nhu tinh toan & trén. Tlr Bang 2 ta xac dinh
dugc cac thdng sb ap suat pmin Va pmax twong rng véi budc chan vit cwe dai (Hmax) theo chiéu tién
va lui. Cac dwdng dac tinh didu khién va chi bao bwédc chan vit 1a cac dwong (1) trén Hinh 6b,c.

Engine power (kw)  MCR (maximum continuous rating)
5500

5000 /\Aj‘éi 14.5Knots
4750 -/ r/74B
4500 S _‘7L 14.0Knots 1- Budng dc tinh didu chinh khi HID 0,9 1-Budng dac tinh thay a8 bude chan vit
P 7 e ~ WD 08
4000 b/, 13.5Knots Pak 2-Butng dic tinh didu chinh khi HID=0,85 Pos buo| = e . N
Eighe AT TS KGlom® HID K ema8) = 2-Buong dz i thay b bute chan i
g’ 2 13.0Knots g Kni HID=0,85
3500 S
Full Ahead 50
3000 K : 12.0Knots Haft 4.01
,% IR
2500 (0/7 11.0Knots
250 10.0Knots I
2000 } 0 HID=0.85 11 oon ﬂli !1 [ HID=0.85
4 A ooknots HID 0.9\ 0 haty :/ HIDo=0.9
I
1500 = —Z H/D ! WD 1.0 Full Astern i WD
. : . i N i U
— S ! VitiBK  Full Haft Stgp  Haft Full  Vjtri DK ASTERN 09 07 05 02 [002 05 07 09 AHEAD
1000 Synchronous ~ g (Himax) (Hmax)
120 130 140 150160 170 180 190 200 SPeed HiDnex=0.9 HID=0.85
Propeller speed (RPM)
a) b) C)

Hinh 6. Bic tinh déng co lai chan vit bién bwéc va cdc dic tinh diéu khién buwéc
a) Ddc tinh dong co lai chan vit bién buwéc cua tau c6 cong suat may chinh 5000 kW [1];
b) Ddc tinh dieu khién bude chéan vit bang khi nén [2,3];
c) Ddc tinh chi bao bwéc chén vit bang khi nén [2,3].

Tuy nhién vé&i bwédc chan vit gidn hét ¢ (Hmax) theo ca hai chiéu nay thi may chinh sé bj qua
tai cong suét. Trong thuc té thi bwdc chan vit (H < Hmax) dé tranh cho may chinh lam viéc bi qua tai.
T d6 thj dac tinh cOng tac cltia may chinh lai chan vit Hinh 6a, diém cbng tac hop ly trong khai thac
clia may chinh la diém B trén dd thj [1]. Diém B c6 théng sb cong tac ctia dong co la: Nekt = 4750kW,
vong quay chan vit ne,=185 v/p, tbc d6 tau dat viau =14,25 knots, vé&i ty sé H/D=0,85.

Viéc hiéu chinh dac tinh diéu khién t» xa bwdc chan vit dwoc thwe hién nhw sau: Trwdec tién
bwéc chan vit theo chiéu tién va Iui phai dwoc ¢b dinh bdi cac vit gi¢i han bwéc chan vit nhw hinh
3a. Khéi dong bom thiy lwc diéu khién bwdc chan vit va chuyén van chuyén dbi sang diéu khién tai
budng lai hodc budng may. Sau dé cdn cl vao so dd dic tinh diéu khién Hinh 6b, tay didu khién
duwoc day vé vi tri “FULL ASTERN”. N&i cac vit hdm cam diéu khién dwéi tay diéu khién, hiéu chinh
phia bén phai ciia cam cho ty vao van diéu khién khi nén sao cho piston cla xilanh phu dwoc day
vé& vi tri Ui hét clia buwédc chan vit, tire [a cin ndi véi can piston ctia xilanh phu khi nén ty vao dau vit
gi&i han buéc theo chiéu Iui. Tiép tuc day tay diéu khién tr xa bwéc chan vit vé vi tri hét tién “FULL
AHEAD’, hiéu chinh phia bén trai clia cam cho ty vao van diéu khién sao cho piston cta xilanh phu
khi nén dwoc day vé vi tri hét tién ctia budc chan vit, tiee 1a can ndi véi can piston cda xilanh phu
khi nén ty vao dau vit giéi han bwéc theo chiéu tién. Sau d6 dwa tay diéu khién ti xa vé vi tri “stop”
la vi tri bwédc chan vit bang “0”. Pwdng dac tinh diéu khién trong trwdng hop nay sé lam viéc theo
duong (2) trén Hinh 6b,
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Chinh dinh chi bao bwéc chan vit dwoc thue hién nhw sau: Van chuyén déi vi tri diéu khién
dwoc chuyén sang vi tri diéu khién tlr budng may. Tay diéu khién dwoc ddy sang vi tri “FULL
ASTERN”. N&i cac vit hdm cam diéu khién dwdi tay didu khién, hiéu chinh phia bén trai ctia cam
cho ty vao van diéu khién khi nén sao cho kim chi bao buwéc chi vé vi tri “FULL ASTERN” thi dirng
lai. Tay diéu khién tiép tuc dwoc day sang vi tri “FULL AHEAD?”, hiéu chinh phia bén phai ctia cam
cho ty vao van diéu khién sao cho kim chi bao buwéc chan vit dich chuyén dén vj tri “FULL AHEAD”
thi dirng lai. Sau tay diéu khién dwoc dwa vé vj tri “stop” va kim chi bdo bwéc chan vit chi “0” la duorc.
Khoa chat tt ca cac vit ham cta cam diéu khién va cam chi bao bwéc chan vit. Dac tinh chi bao
bwéc chan vit bay gidr 1am viéc theo dwéng (2) trén db thi hinh 6c.

Khi may chinh bi suy gidm cdng suét, buéc chan vit trong trwéng hop nay can phai duoc diéu
chinh gidm dé& may chinh hoat ddng an toan. Qua trinh hiéu chinh buéc chan vit ciing dwoc tién
hanh theo cac bwdc trén. Qua trinh hiéu chinh bwéc chan vit dwoc thé hién nhw trén Hinh 7.

Engine power (kW) ~ MCR (maximum continuous rating)
5500

AL 145Knots

4
45001} [_Li14.0Knots

4006 o 13.5Knots
13.0Knots
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Haft 4.0° %’ Z 1
L 11.0Knots WA |
S HIDsc=0.7 3.9¢ Stop | | -
10.0Knots sc \ / i HIDsc=0.7
9.0Knots N HDa085Y | i 72420 vt} HIDG=0.85
/ H 24 7 v
HID GTH I 6 HID Ca i 1.0 Fufl psten HID
% Viti DK Full  Haft sﬁ:{ Haft  Full VitiDK ASTERN 085 07 05 02 |0 02 05 07085  AHEAD
h (He) (Ha)
120 130 140 150160 170 180 190 200 sPeed HIDsc=0.7 HID=0.85
Propeller speed (RPM)
a) b) 0)

Hinh 7. Bdc tinh déng co lai chén vit bién bwéc va cdc dic tinh diéu khién bwéc
khi can giam céng suét’khai thac cia mdy chinh
a) Ddc tinh dong co lai chan vijt bién buoc khi giam cong suat may chinh [1]
b) So d'f) diéu chinh lai dac tinh diéu khién bwdc chan \/lt bang khi nén [2,3];
¢) So db diéu chinh lai déc tinh chi bdo buwéc chéan vit bang khi nén [2,3].
7. Két luan

Hé théng diéu khién tir xa bwéc chan vit tau thdy bang khi nén da dwoc tinh toan thiét ké mot
cach hoan chinh va da tinh toan cho mét nhém tau cu thé. Cac thiét bi s& dung trong hé théng da
duoc kiém nghiém théng qua cac hé théng diéu khién tir xa téc d6 may chinh nén da ching té dwoc
kha n&ng hoat déng 6n dinh va tin cay cta hé théng. Hé théng da khac phuc dwoc nhivng nhuoc
diém cla hé thdng diéu khién tlr xa bwéc chan vit bang dién - dién t& 1a c6 thé lam viéc duwoc trong
mai trwdng c6 nhiét dé va dé Am cao, moi trwdng c6 rung dong manh va cac mdi trwdng hoat dong
khac nghiét khac clia tau thay.

Hé thdng diéu khién ti» xa bwdc chan vit bang khi nén cé két ciu don gian, gon nhe véi do
bén cao. Hé thdng bao dwéng don gidn vi cac phan t& trong hé théng déu la cac phan t& khi nén
c6 vat liéu ché tao véi dd bén cao. Diéu nay da duoc kiém nghiém théng qua cac hé théng diéu
khién tir xa tbc dd may chinh.

Néu hé thdng diéu khién tlr xa bwdc chan vit tau thiy bang khi nén dwoc ché tao va duoc
thir nghiém day dd cac thong sbé ky thuat ctia hé théng va tinh nang vé mai trwdng, khi duwoc déng
kiém chép nhan thi hé théng c6 thé dwoc ap dung Ién tau thiy thi sé& tang cwdng ndi dia héa dwoc
céc trang thiét bi cho nganh déng tau.
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EVALUATE BASIC TECHNICAL PARAMETERS
OF THE ELECTRO-HYDRAULIC CONTROL SYSTEM
OF THE SHIP STEERING GEAR

Assoc.Prof. Le Van Hoc?, MSc. Nguyen Ngoc Dam?,
Vietnam Maritime University
2Sao0 Do University
Abstract:

Time of putting the ship’s rudder over from limited position on one side to limited position on
other side is one of the most important parameters of the electro-hydraulic steering system of
the ship. With each system, it depends primarily on hydraulic oil’s operating pressure in the
power cylinder driving ship’s steering rudder and is specified by the standards of the Vietnam
Register and International Convention SOLAS (Safety of Life at Sea).
This article introduces the method of determining these technical parameters of the ship
steering system W-130 Japanese-built with the electro-hydraulic control system, equipped on
a group of Vietham's medium - capacity ship from 6,000 tons to 12,000 tons by simulation
method on Automation studio software (AS). The method introduced in this article can be
applied to all type of electro-hydraulic steering gear. The results obtained allow evaluating the
technical state of the system at any time, as the basis for correcting and repairing them,
meeting the requirements of safe and effective ship exploitation.
Keywords: Ship steering gear, Electro-hydraulic control system, Time of putting rudder over, streering time,
Operating pressure.
1. Introduction

The steering system plays a very important role on the ship. It directly affects the safety of the
ship. The safe and effective exploitation of the steering system is an inevitable requirement for all
the marine officers. Nowadays, ships use electro-hydraulic steering system is widely used on the
ship because of its outstanding features such as reliable operation, compact size, large capacity,
easy to integrate with the automatic control system. During the operation of the steering system, the
steering time and pressure in the steering cylinder determine the accuracy of the trajectory of the
ship. In this article, authors introduce the method of determining these technical parameters of the
ship steering systems W-130 Japanese-built with the electro-hydraulic control system, equipped on
a group of Vietham's medium - capacity ship from 6,000 tons to 12,000 tons by simulation method
on Automation studio software. The method introduced in this article can be applied to all type of
electro-hydraulic steering gear. The results obtained allow evaluating the technical state of the
system at any time, as the basis for correcting and repairing them, meeting the requirements of safe
and effective ship exploitation.

2. The electro-hydraulic control system of the ship steering gear

2.1. Technical request (by Vietnam Register and SOLAS)

Unless expressly provided otherwise, every ship must be provideded with a main steering gear
and an auxiliary steering gear. The main gear and the auxiliary steering gear shall be arranged that
failure of one of them will not renderthe other one inoperative. The main steering gear and rudder
stock shall be [3]:

- of adequate strength and capable of steering the ship at maximun ahead service speed which
shall be demostrated;

- capable of putting the rudder over from 35° on one side to 35° on other side with the ship at its
deepest seegoing draught and running ahead at maximum ahead sevice speed and under the same
conditions, from 35° on either side to 30° on the other side in not more than 28s.

2.2. The ship steering system W-130 Japanese-built

This is the electro-hydraulic steering gear equipped on medium - capacity ship with drving
moment to 13Tm. In 2001, the Bach Dang shipyard imported the steering system W-130 to build
the 6300T Vinh Thuan ship, firstly built in Vietham under Japanese design and registration. After
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that, steering system W-130 continued to be imported and equiped for the 6300 - 6500T ships that
are built up to now. The steering gear W-130’s hydraulic principle diagram is shown in figure 1.
The W130 uses two-way cylinders with self-aligning sprockets at the cylinder head and piston
head.
The W-130 has a mains supply and backup power. The basic technical parameters of the steering
system W-130 are shown in table 1.
Table 1. The basic technical parameters of the steering gear W-130

Steering moment M=13Tm
Operating pressure Piv max = 180kG/cm?
Safety valve opening Dat = 225kG/em?
pressure
Cylinder diameter D =125 mm
Piston rod diameter d =70mm
Ste_erlng sector R = 470mm
radius
Piston stroke H/70° = 540mm
Maximum turn 0
. a =135

steering angle
Steering turn time t/70° = 23s
Emergency steering /309 = 60s
time

Power motor N =5,5 kW
Motqrs operation n = 1430 rpm
rotation
Oil pump’s type GFFP-AOS22AR-A0

13
-1
-2
10
? 9-1
9-2 é

]

1 5.1
2-1

Fig. 1. The steering system W-130’s hydraulic system.

1 - Oil tank

(2-1), (2-2) — Filter
(4-1), (4-2) - Motors
(5-1), (5-2) - Pumps
(6-1), (6-2) - Safety
valves

(7-1), (7-2) - Pilot
valves

(8-1), (8-2) - One-way
valve

(9-1), (9-2) - Safety
valves

(10) - Hydraulic key
(11-1),(11-2) -
Steering cylinders

13 — Sreering sector
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3. Simulate steering gear W-130 on AS
3.1. Build simulation
3.1.1. Hydrolic circurt

Using the hydrolic module of AS as the figure 2, the steering system W-130's hydraulic s circurt is
built as the figure 3.

Library Explorer | Main x| ré [d @& Mm@ N
LA 2L 21=] ko leal )

Main Library ~ Main |

HE Hydraulic =

B E Pumps and Power Units
i-|fl] Pumps with Shaft Connector

E Pumps with Shaft and Drain Connectors
E Transmission and Motors for Pumps with Shaft
(-[f] Flow Lines and Connections

[ Accumulators

E Actuators

[} Directional Valves

‘[ Flow Controls

E Pressure Controls

[} Sensors

[ Fluid Conditioning

E Measuring Instrumenits

--[f)] Catridge Valves

-

H
i
-
H

E Symbols with Cross-Section View j
]
= 525 M
Fixed Displacement Varizble Themal Matar

Pump With Shaft Displacement Pu

e

Electrical Maotor| Fixed D\sp\aceme_rrt

Variable
Y S S

Fig. 2. Hydraulic module of AS [1]

= i o T

Fig. 3. Hydraulic circurt [4]
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3.1.2. Electric control circurt

Using the Electronic Control (JIC standard) module of AS, authors establish electric control circurt

shown in figure 4.

)

-0

™

-

MOTO

Fig. 4. Electric control circurt [4]

3.1.3. Setting simulation for steering gear W-130

The steering gear W-130’s basis technical parameters are introduced in table 2.
Table 2. The steering gear W-130’s basis technical parameters

No | Equipment Technical parameter
Pmax 250 kG/cm?
1 | Oil pump Q 27 litre/min
Nmax 1500 | rpm
2 Hydrolic 5 41180 mm
cylinder mm
L 400 mm
3 | Hydrolic pipe | dt 8 mm
4 | Stop valve P 15 kG/cm?
5 | Safety valve | Pmax | 350 kG/cm?
6 | Motor N 3 kW
Nmax | 2900 | rpm
7 | Oil tank \% 74,25 | litre

After putting up the device’s technical parameters on the hydraulic circurt (Figure 3) and the
electric control circurt (Figure 4), simulation interfaces of steering gear W-130 are established as at

the figure 5, figure 6.
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Simulation  Tools Window 7

® A o - QQEEHR G (M vwe

START_MOTO
STOP -l

corL
= MoTO

Fig. 5 Simulation interface of steering gear
W-130

STOP_MOTO  START_MOTO

= .
con
COIL J
Lk

Fig. 6. Simulation interfaces of steering gear
W-130 with pump and motor

3.2. Determining steering time and oil pressure in power cylinder
3.2.1. The case of non load

Start simulation (figure 5, figure 6) by using command “Plotter” (figure 7) to determine time of
putting the rudder over from 35° on one side to 35° on other side.

Time of putting the rudder over from 35° on one side to 35° on other side and hydraulic oil's operating
pressure in the power cylinder. The simulation results are displayed on the graphics 8, 9, 10.

Plotter

Plots Selection

I Rod Side Flow

I~ Rod Side Pressure
I Piston Side Flow
 Linear Position

I Acceleration

I Piston Side Pressure
I Lincar Speed

E

Component Name Plot Color cale min.
T1A2  Double-Acting Cyinder  Lncar Foston I B2 0 100 on

Tmescie |2 ]
Fig. 7. Graphic interface on AS

Pistons’s change position is shown in figure 8

Né6i san Khoa hoc Khoa May tau bién  Sé 38 - 04/2020 30



Plotter B

Fig. 8. Pistons’s change position
From the graph, operating pressure’s real value can be exported into text file using in the
calculation by the "Export" command (Figure 9).
Plotter a

1060 s

Export | Help ‘<<Pmparnes‘

Fig. 9. Pressure’s change in the power cylinder
Received result shows that when the pump periodically operates, pressure is 2.8bar. The
maximum pressure when turning the rudder is 12.96bar. The pressure difference between the two
sides of the piston is about 1 bar (5.1bar at the side of piston’s top, 6.1bar at the side of piston’s pod).

Plotter B
i

0.00s 250s 7.50s 10.00 s
Fig. 10. Differential pressure between two sides of the cylinder

The above diagrams show that the necessary time that piston moves from the middle position to
the upper and lower position of the two cylinders is different. However, in fact the two xy lanh are
connected by the steering sector, so this difference is disabled.

Thus, the rudder’s rotation time from the middle position to the one of limited postions can be
approximated (obtained from the graph) as follows:
t=(6.7 + 4.5) / 2 = 5.6 seconds. It means that time of putting the rudder over from 35° on one side
to 35° on other side is 11.2s.

Expor

t

Help
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3.2.2. The case of full load

In fact, load moment impacted on the rudder changes depending on the rudder’ position for the
manual upload to the rudder or the rotation rudder of the change in the rudder corner. During
simulating on the AS software, the authors performed test with the maximun load of 1.0 Tm.

So the muximum force impacted on the cylinder head [2]:

10 3 10*
" R.cos35°y  0,3.c0535°.0,9

After that, load is placed on power cylinders as figure 11.

Simulation results in the case of full load are shown in the figures 12, 13, 14.
Component Properties (Double-Acting Cylinder)

=4521,39(N)

=

Basic Data

Driving Force Curve Piston Diameter (D) Calculated Data
Resistive Force Curve

Builder Fod Diameter (d) Piston Side Area (Ap): 78.54 cm2

Variable Assignment Stroke (L) Fiston Side Volume: 3141.59 em3
Edt . Rod Side Area (Ar): 65.97 cm2

Catalog nformation ension (%) Rod Side Volume: 2638.94 cm3

Displayed Information TR .

Persanalized Information Btemal Mass (M) kg~

Push Extemal Force 4521.39)
Pull Bxtemal Force 4521.39]
Mare

Fig. 11. Putting up load on power cylinders
Graphic (figure 12) shows that time of putting the rudder over from 35° on one side to 35° on other
side:
t=(9.8+14.8)/2 = 12.3s
Plotter x|

Export. | Help ‘ << Py

Fig. 12. Steering time with the case of full load.
Muximun pressure in power cylinder when one of pistons arrived to limited position is 28bar.

Plotter

10.00 s

Fig.13. Oil pressure in power cylinder in the case of full load
The differential pressure between the two sides of the pistons is 3.3bar.
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Plotter

210s 7.10s 12.10s
Fig. 14. The differential pressure between the two sides of the piston
4. Conclusion

The steering gear W-130’s technical parameters are checked by the Automation Studio software.
Time of putting the rudder over from 35° on one side to 35° on other side is 11.2s in the case of non
load, 12.3s in the case of full load, meeting Vietnam Register and SOLAS [4].

The results (operation pressure in power cylinder, it's difference between two sides of power
cylinder) obtained allow evaluating the technical state of the steering gear’s equipments at any time
and can be used as the basis for correcting and repairing them, meeting the requirements of safe
and effective ship exploitation.
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FRL: FILTER, REGULATOR, AND LUBRICATOR
Nguyén Tuan Anh
VIMARU, Marine Engineering Faculty, Power Fluid & Automation Division
Email: anhnt.mtb@vimaru.edu.vn
Abstract
Filter, regulator, and lubricator (FRL) compressed air systems are used to deliver clean air, at
a fixed pressure, and lubricated (if needed) to ensure proper pneumatic component operation
and increase their operation lifetime. The air supplied by compressors is often times
contaminated, over pressurized, and non-lubricated meaning that an FRL unit is required to
prevent damage to equipment. Filters, regulators, and lubricators can be bought individually
or as a package (as seen in Figure 1) depending on what is needed to ensure the proper air
specifications are being met for downstream equipment. It is recommended to install these
devices if you:
e Use pneumatic tools and equipment;
e Areinstalling an HVAC system;
e Require clean air to be delivered to your facility or workplace;
e Require compliance to ISO, OSHA, ASHRA or other air quality standards;
e Want to improve the service life, safety and reliability of your air system.
Keyword: Filter, regulator, lubricator (FRL)
What do FRL units do?
An FRL unit is comprised of a filter (F), regulator (R), and a lubricator (L). They are often used
as one unit to ensure clean air in a pneumatic system but can also be used individually. Having a
proper FRL unit installed in a pneumatic system provides higher reliability of the components
downstream, reduced power waste due to over pressurization, and increased component lifetime.
The three components work together to do the following:
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e Filters remove water, dirt and other harmful debris from an air system. This is often the first
step in improving the air quality.

e Regulators adjust and control the air pressure of a system to ensure that down-line
components do not exceed their maximum operating pressures. This is the second step in
the FRL system.

e Lubricators reduce the internal friction in tools or equipment by releasing a controlled mist of
oil into the compressed air. This is often done last and/or right before the component needing
lubrication.

Figure 1: FRL unit

What FRL components do you need?

Filters, regulators and lubricators can be purchased individually or as a combined filter-
regulator (FR) or filter-regulator-lubricator (FRL) unit. It is recommended to install an FR unit if your
equipment is self-lubricating and an FRL unit if your equipment requires lubrication. It is important to
understand the air requirements of your system and components to know if and what components of
an FRL unit are needed. The type of FRL components required is dependent on your system
requirements, but it is recommended that every air system uses at least one filter and one pressure
regulator. Most modern pneumatic tools use self-lubricating seals and as such, you often do not need
to install a separate lubricator. If they aren’t self-lubricating, a lubricator should also be installed in
the system. As a general rule, a pneumatic system’s order of installment is in this order: compressor,
filter, regulator, and then a lubricator. Give careful consideration to the location of these devices
because you may not need to treat your entire air system. To optimize the pneumatic system and
reduce cost, only treat air where air needs to be treated.

Application specifications to know

Before selecting a device, it is important to know the pressure, flow rate, and air quality
requirements of the tools using compressed air and if any air quality standards apply to your
workplace before selecting a device. To ensure that your FRL unit, or component, meets the pressure
ranges in and out the flow rate requirement (typically in liters per min) consult the datasheet for your
specific unit. Also, the environment that the device will be installed in and exposed to should be
considered. Housings come in different materials to accommodate different environmental
conditions. We recommend a metal housing if the device will be installed outside, exposed to heat,
salt water, salt air, or chemicals. Nylon or polycarbonate housing is acceptable for most general
applications. It is recommended to consult our selection guide for material compatibility for each
application.

Pneumatic filter selection

E:d

¥
i

Figure 2: Pneumatic filter
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Filters remove water, dirt and other harmful debris from an air system (Figure 2). The type and
size of contaminants present in the system and the air requirements for components will ultimately
affect what micron size and bowl material is needed for the filter. Common applications generally
only require a filter rated between 5-40 microns. However, ISO 8157 goes down to 0.1 micron and
for special applications, like medical or pharmaceutical the specifications can be as low as .001
micron. The rating means that it doesn’t allow bigger particles through. For example, if you have a
20 micron filter it will allow particles smaller than 20 microns to pass through. It should be noted that
filters experience a small pressure drop across the inlet and outlet ports because of the flow
restriction. A 0.1 micron filter will create a larger pressure drop than a 40 micron filter and will require
more regular maintenance due to the easy buildup of contaminants. Therefore, do not oversize your
filter by selecting the finest possible micron size. It will lead toto higher cost for the component, a
larger pressure drop, and more maintenance time. Instead, select a filter that will remove only the
smallest contaminant specific to your system.

The bowl material and drainage type are also important. The bowl comes into contact with the
contaminants and houses the filtered particles. The pressure, temperature, and chemicals present
affect the bowl material selection. Filters also require drainage, which can be either accomplished by
the filter as an automatic, semi-automatic, or manual drainage system or a condensate drain can be
attached to the outlet to remove the filtered contaminants.

e Automatic: An automatic drain is a 2/2-way valve that closes when the system is
pressurized. It has a float system in it that rises when the system is de-pressurized or when
liquid accumulates, and this rise in the float causes the drain to open. Advised when the
equipment is in continual use, requires frequent drainage, or in a hard to reach location.

e Semi-automatic: A semi-automatic drain automatically drains the system upon de-
pressurization. It can drain the system when pressurized, but only by a manual process. If
the system is not always under pressure, it is recommended to have a semi-automatic
drainage filter.

e Manual: The filter can be manually drained when the system is depressurized. Not advised
for a hard to reach location, if it requires frequent drainage, and if the system isn’t regularly
depressurized.

e Condensate Drain: A condensate drain can be attached to the outlet of the filter to
accomplish the drainage. However, proper timing of the open/closing needs to be set.

Pneumatic pressure regulator selection

Regulators, also called pressure reducing valves, adjust and control the air pressure of the
system to ensure that down-line components do not exceed their maximum operating pressures
(Figure 3). Two of the most important selection criteria are the pressure rating and if it is a relieving
or non-relieving regulator. It is important to include a safety factor on the max input pressure so that
the regulator can handle excess pressure. Typically, a regulator's manual will have a flow curve to
allow a user to correctly size a regulator based on the system flow rate and desired outlet pressure.
Regulators also provide a consistent and stable outlet pressure. If you need to regulate your pressure
to 0.6 MPa, we recommend that you select a regulator having a maximum range of 1MPa instead of
0.7 MPa to ensure that you do not damage the regulator if your system becomes over pressurized.
In addition, if the inlet pressure is too high for a single device, two pressure regulators in a row can
be used to decrease the pressure in two stages. On common pressure regulators, it is a manual
knob to set the output pressure.
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Figure 3: Pneumatic pressure regulator

The second consideration is if the regulator is considered relieving or non-relieving. Relieving
regulators have a built-in vent that lets excess pressure escape once it exceeds a certain threshold.
Non-relieving regulators will not vent this excess pressure and rely on a secondary device to
decrease pressure. For a non-toxic application, a relieving regulator is recommended to ensure that
a buildup in pressure doesn’t occur and cause damage. However, when the application consists of
dangerous or expensive gases, you do not want to release them into the atmosphere.

Pneumatic lubricator selection

Figure 4: Pneumatic lubricator
Lubricators reduce the internal friction in tools or equipment by releasing a controlled mist of
oil into the compressed air (Figure 4). Knowing the pneumatic component’s need for lubrication will
determine the oil type and drip rate. The drip rate is how much oil is released downstream. There are
two types of lubricators: oil-fog and micro-fog.
e Oil-fog supplies 100% of the oil seen in the sight glass downstream as a large droplet. It is
designed for short distances and typically just for one component requiring heavy lubrication.

e Micro-fog supplies roughly 10% of the oil seen in the sight glass downstream as a mist (< 2
pum). It is designed for long distances and multiple components.

Lubricators will require maintenance to re-fill the oil reservoir when it becomes low and can be
monitored through the sight glass or a window located on the housing. Lubricators also require a
pressure differential to make the oil drip, therefore, they create a pressure drop at the outlet. This
needs to be taken into account to ensure the proper pressure reaches the end component. This
means that air will not be lubricated if the system is off, which allows for no oil waste. It should be
noted that many pneumatic components are self-lubricating and don’t require any additional
lubrication.

REFERENCE
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NHONG HU’ HONG THUONG GAP CUA CLAPE TRONG MAY NEN LANH

FREQUENT FAILURE OF REED VALVES IN REFRIGERATION
COMPRESSORS

ThS. Vi Birc Anh
Bé mén tw déng thay khi — Khoa Mdy tau bién
Toém tat

Bon vi du vé sy c6 clape trong hé thong lanh duoc mé ta trong bai bao. Hw hdng trong méi
trrong hop la do gay mét hoac nhiéu phan trong cac clape. Hau hét cac hw hdng co thé duoc
chan doan la mdi do tac dong cla tw nhién. Sy mdi bat nguén tee sy pha ‘hL’Iy bé mat trén bé
mait tiép xuc cla clape do va cham va xoan. Hw hdéng con co thé bat nguén ttr cac khuyét tat

trong qua trinh didc bao gém ca bang clape.

ABSTRACT

Four examples of reed valve failures in refrigeration systems are described. Failure in each
case was by fracture of one or more reeds in the valves. Most of the failures could be
diagnosed as impact fatigue in nature. The fatigue originated at surface damage on the reed-
valve contact surface resulting from impact and reed twisting. One failure could be traced to
defects in the casting containing the valve seats.

1. Dat van dé

Clape la thiét bi don gian, chi phi thap va hiéu qua dwoc st dung trong cac hé thdng lanh.
thwong mai. Chung bao gom mét dai kim loai méng dwoc s&r dung nhw mét cai nap dé che 16 diéu
khién dong khi vao va khi ra trong may nén.

Hé thdng lanh st dung may nén khi tc do cao. Trong cac may nén nay, tén that dong chay
xay ra trong th&i gian can thiét d& mé van. Vi vay, dé hiéu qua, can co6 van quan tinh thap. Clape
la thiét ké van ton that thap nhét vi quan tinh thap. Clape cung cap tbn that thé tich tdi thiéu trong
may nén. Do tinh linh hoat cla chung, chang bit kin tét vi ap suat khi s& lam cho chuang tiép xuc tbt
v&i bang clape.

Hinh 1. a) Két cau clape don gian; b) Két cau clape dang vong tron;
c) Két cau clape dang vot tennis
_ Clape don gian nhét Ia mét Ia kim loai méng, hinh ch® nhat dwoc gan chat & mot dau, dat
phang trén tam van va che duwdng khi vao khoang cong tac. Mét sb thiét ké clape dwoc thé hién
trong hinh 1. Clape don gian trong hinh 1a hoat dong nhw 16 xo ctia chinh n6 va mé ra, dong lai
khi bi tac ddng bdi ap suat khi. Mot clape khdng phai 1a 16 xo chiu tai nhung c6 thé n’6i tw do nhw
van vong nhu trong hinh 1b. Thiét ké nay doi héi mot tam dirng phia trén dé han ché sw dich

Né6i san Khoa hoc Khoa May tau bién  Sé 38 - 04/2020 37




chuyén cla né. Hinh dang vot tennis dwoc thé hién trong hinh 1c 1a mét sy thay ddi ca thiét ké 16
xo la v&i dién tich khu viec déng van tang Ién.

La clape dwoc lam bang thép carbon hodc thép khong gi. Thép carbon thuéng chira mot vai
thanh phan dién hinh nhw sau: C 0,37%, Si 0,39%, Mn 0,60%, Cr 13,5%, Mo 1,0%, P 0,02%, S
0,002%. Thép nay dwoc xt ly nhiét t&i diéu kién mactensit. N6 c6 do bén mai cao hon AISI 420
SS tiéu chuan.

Mé&c du clape 1a khai niém don gidn, nhung né cé6 moét sb van dé vé dac tinh. Clape don gian
(1a) sé c6 xu hwéng vwot qua khi né bat mé va sé dao ddng nhiéu 1an, thwéng xuyén cham vao
bang van trong qua trinh dao déng. Trong cac giai doan ban dau cla viéc mé, khi di qua gitra tAm
va van sé khién né bj rung (hiéu ng Bernoulli). D& chéng lai hiéu (rng nay, dé van co thé dwoc
lam nhw mét ving dat hep dwoc nang 1én dé gidm chiéu dai dwong ro lot. D& hep nay 1am cho van
dé bj ro i tr cac khuyét tat bé mat lam kin. Vi 14 van 1a mot chum udn, né c6é thé bi gay mdi. L4 van
rat nhay cam (ng suat dot ngot. Van vong cé thé tiép xic véi dé theo huwéng nghiéng gay ra rng
suét tiép xtc cao trong dién tich tiép xtc nhd ban dau. Diéu nay cé thé gay ra mai mon va lam
nham dé van. Clape don gian (1a) ciing c6 thé c6 van dé tac dong. Néu chu ky nén trong may nén
yéu ciu van déng lai tai thoi diém van vuwot qua bién dd mé binh thuwdng, nd cé thé dong lai véi
tbc do cao. Qua trinh nay c6 thé dan dan lam thd dé van va gay ro ri hodc hu héng cho la van.

Bai viét nay mé ta ban chat ctia nhirng hw hdng gép phai va cac gidi phap cho cac van dé
dé.
2. Nhirng hw hong thwong gap
2.1. Clape bj gay do méi

La van trong truong hop nay la thiét ké dang vot tennis. Hién twong gay xay ra & phan la van hinh
tron che cac 16 thoat khi. Hinh &nh theo d6i théng qua kinh hién vi dién t&r quét SEM.

Valve port

Hinh 2. Hinh anh clape bigdy  Hinh 3. Hinh anh SEM clape Hinh 4. Sw bién dang trén bé
va bang clape bi gay mat clape

Hinh dang cda khu virc gy cho thay ngudn goc cua vét nirt gay dwoc hién thi bang mi tén
(hinh 2). Bay chinh la vi tri tiép xuc gilra la van va bang van trong qua trinh hoat déng. Vét nirt gay
¢6 hinh dang twong ty nhw gay mai trong thép cirng.

Kiém tra bé mat tiép xuc ctia mét 1a van cho thay Ia van chiu tac dong nang né. Mét vi du
duoc hién thi’ trong hinh 3. Vung dwoc danh dau mdi tén da bi dap cho dén khi cac dau trén 14 van
hoan toan bién mat.

~ Nguoi ta két luan rang nguyén nhan clia gay clape la do tac dong clia (rng sudt méi. Nha
ché tao da de xuat rang mét la van cé do ben mg’ai cao hon nén dugc thay thé cho Ia van hién tai.
Phun bi lam bén bé mat la van cling dwgc khuyén khich.

2.2. Xuat hién nhirng vét “thép det” trén bang van
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j— 0.4 =

3%
Hinh 5. Hinh anh Hinh 6. Nhirng vét I6m “thép Hinh 7. Vét nirt va 16m xuat
clape bi ré det” trén bé mat bang clape hién trén clape

M6t may nén lanh da gép sw cb trong dé bé mét tiép xuc clia cac clape dang bi rd. Cac clape
la thép khong gi va bang clape 1a thép carbon cirng. Mét vi du dwoc chi ra trong hinh 5. Vét moén
rong khoang 1 mm dwoc tim thy trén bang clape & gan clra thoat khi. Kiém tra bang kinh hién vi
dién tt cho thay cac diu hiéu la thé hién trong Hinh 6. Nguwi ta cho réng cac du hinh “thép det”
dwoc tao ra bdi mét manh vun phang dinh vao clape. N6 duwéng nhw kéo dai trong hai dén bn chu
ky va sau d6 roi ra. Cé thé thay réng clape khong tiép xuc véi bang clape & cung mot chd véi méi
chu ky.

Kiém tra thém vé bé mét clape cho thay vét nirt lién quan dén vét Im. Diéu nay duwoc thé hién
trong hinh 7. Cac manh vun giong nhw vay dwoc tim thay trén clape bi géy da dwoc phan tich trong
SEM (EDX) va dworc tim thay cé thanh phan cda bang clape.

Gay clape duoc coi 1a két qua clia cac manh vun bj ket gitra clape va bang clape. Do hién
twong ré xay ra trén hai clape lién k&, ngwdi ta cho rdng ngudn gbc clia cac manh vun 1a vat liéu
bang clape tir viing 1an can cua hai clra khi lién quan. Khuyén céo réng qua trinh lam sach sau khi
gia cdng cac bang clape va sau khi thao I&p bao dwéng phai dwoc nghién clru d& dam bao rang tat
cé cac manh vun da dwoc loai bo.

2.3. Hw hong clape dang néi tw do

Broken
Tab

Hinh 8. Clape dang néi tw do v&i mét bén Hinh 9. Hinh anh sy bién dang va dun Ién
vau bivoe cta ranh dan hwéng

Thiét ké clape c6 hinh vong nhw trong hinh 8, m& va dong clape duoc diéu khién bai chénh
léch ap suat trén clape. Trong thiét ké dac biét nay, clape dwgc dan huwéng b&i chot co dinh vao
bang clape. Clape s& mé ra khi chénh Iéch ap suét trén n6 da dé nang né 1én. Mét tAm dng phia
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trén sé& dirng chuyén dong di Ién. Hinh 8 cho thdy mét phan clia vau dan huéng vé ra va clape sé
mat kiém soat.

Mot sb clape da dwoc thao ra khdi cac may nén thir nghiém & cac giai doan khac nhau. Nguoi
ta nhan thay réng cac vau dan huéng bi mon qua mirc va va dap vao cac chbt dan huwéng gay ra
bién dang va vau bi mé réng hon. M6t vi du vé vau dan huéng bi dap dwoc thé hién trong hinh 9.
Lwu y cac canh bj cudn hodc ép dun 1én. Phan tich Fractographic ctia cac vau bi gay chi ra vét gay
kha nhanh bat nguén tr viing 1an can cla vau bj dap.

Céac vau dan hwédng cla clape co xat véi cac chét dan hwéng cirng hon gay ra mai mon voi
tbc d6 khong thé chip nhan dwoc. Khi khe hé tang 1&n, sy kiém soat cla clape gidm dan va dap
vao chét gay ra bién dang qua murc, dun va nit gdy. Khuyén cdo réng vat liéu clape nén dwoc lam
bang vat liéu ctrng hon va cac bé& mat chét dwoc 1am min hon.

3. Két luan

Clape la thiét bj hiéu qua, ré tién, hiru ich cho cac (rng dung chénh léch ap suét twong dbi
th4p nhw van may nén lanh. Phan méng khéng cé trong thiét ké say khién ching dé bi gay. Clape
phai khéng c6 khuyét tat bé& méat nhw vét 18m va vét trdy xwéc dé gidm thiéu gay do méi. Mac du
clape c6 trong lwveng nhe, nhwng ching cé thé tac dong lén bang clape véi lwc i manh dé gay ra
huw hai bé mat va gay méi. B& mat go ghé clia bang clape gay ra boi s tiép xdc canh voi clape c6
thé tao ra cac vet I6m va nut. Nguwoi ta phai quan tam den viéc lwa chon thép véi dd bén maéi can
thiét (nha cung cép vat liéu clape sé cung cap div liéu ve rng suat méi). Kha nang chéng an mon
ciing nén dwoc xem xét. Thiét ké clape nén gidm cac yéu té thiét hai nhw rung clape va chénh léch
ap suét qua murc trén cac clape. Do cirng 16 xo cta clape va khdi lwong ctia né cé thé dwoc didu
chinh d& loai bé cdng huéng trong hoat ddng cuia clape. Th&r nghiém cac thiét ké clape khac nhau
ciing dwoc khuyén khich.

Thép déc biét cé sén cho san suét clape. Co thé str dung thép carbon véi cac ciu trac vi mé
sach sé& va bé mat nh&n da dwoc thir nghiém trong san xuat mé phéng clape. Clape nén duoc xr ly
dé gidm cac canh séc nhon va phun bi dé tang strc bén méi. Lép khong gi dwoc ap dung dé chéng
lai nhirng yéu t6 gay an mon.

Tai liéu tham khao
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PIEU KHIEN TRONG BOM PISTON ROTO HUONG TRUC

VARIABLE DISPLACEMENT PUMP CONTROLS — AXIAL PISTON PUMP
ThS. Vi Anh Tuan

B6 mén tw déng thiy khi — Khoa Mdy tau bién

Toém tat

Bai béo liét ké mét sé phuong phép diéu khién bom piston roto huéng truc hién nay. Ttr d6,

nguoi doc cé thé hinh dung duoc wu nhuoc diém cua ting loai va ting dung cho phu hop véi

diéu kién thuec té.
1. Bom piston roto hwéng kinh trong mach hé

Hang loat phwong phép diéu khién bom bom piston roto hwéng truc dwa vao mét trong cac

théng s6 nhu ap suét, lwu lwong, cong suat hodc két hop cac théng sé dé clia bom. Trong bom
piston roto huéng truc, thé tich cong tac cla bom 1a thé tich bom cap di trong mét vong quay, thé
tich nay phu thudc vao hanh trinh clia piston trong roto. Trong bom piston roto hwéng truc, thé tich
cbng tac nay c6 thé thay dbi bang cach thay ddi géc nghiéng clia dia nghiéng trong bom.

N6i san Khoa hoc Khoa May tau bién ~ S6 38 - 04/2020 40



Hinh 1. Bom piston roto hwéng truc

2. Phwong phap bu ap suat

Phuwong phap didu khién bu ap a phu’o’ng phap phd bién déi véi bom pt. Bia nghiéng quay
quanh cac 6 d& cua né. Géc nghiéng cla dia nghiéng trong bom phu thudc vao moi twong quan
gitra lwc cia 16 xo dia nghiéng va piston diéu khién. L xo dia nghiéng luén ludn cé xu hwéng tang
goc nghiéng ciia dia, trong khi piston diéu khién thi tac dong ngwoc lai. Khi dong co lai bom quay,
bom sé& cap Iwu lwong I6n nhat. Ap suét clra ddy bom dwoc dan téi piston diéu khién day 16 xo dia
nghiéng. Khi ap suét clra day tang du I&n, so véi ap suét dat, dau tlr clra day sé dwoc dan téi piston
diéu khién day dia nghiéng va nén 10 xo lai, géc nghiéng cta dia nghiéng gidm dan twong (ng giam
lwu lwong cap ctia bom. Khi phu tai thay déi, 4p suat hé théng thay ddi theo lam thay ddi géc nghiéng
cla dia nghiéng. Khi d6, bom sé cip mét lwu lwong viva da dé duy tri 4p suét dat.
Trong trwéng hop nay, lwu lweng cta bom chi cé thé thay dbi khi ap suét ctra ddy cla bom da dat
duoc gia tri ap suat dat & goc nghiéng Ién nhat cta dia nghiéng. Nhw vay bom phéi phat ra dwoc
codng suét I&n nhat rng vé&i 4p suét lén nhat & goc nghiéng Ién nhét cla dia nghiéng. Néu déng co
lai bom khong dd cong suét thi cé thé dan té¢i giam vong quay rdi dirng lai vi qua tai.

B X

T
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. _ Hinh 2. So d6 mach cua bom c6 bu ap.
3. Phwong phap dieu khién cam bien phu tai
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Hinh 3. So d6 mach cua bom c6 co cau cam bién tai. o .
Phwong phap nay, nguoi ta dung mét van dieu khien cam bién phu tai dé dieu khién géc
nghiéng cla dia nghiéng. M6t dwong tin hiéu ap suat tir hé thong dwgc dan vao van nay. Khi déng
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co lai bom quay, bom bét dau hoat ddng. Luc nay ap suét ctra ddy bom thap, van bu ap chwa lam
viéc, goc nghiéng cla dia nghiéng dat gia tri I&n nhat. Khi chwa c6 tin hiéu diéu khién co cdu chap
hanh trong hé thdng, ap suat hé théng con thép, van cam bién tai lam viéc c&p dau vao piston diéu
khién dé giam gdc nghiéng dia nghiéng va giam lwu lvong bom t&i lwu Iuo’ng t6i thiéu. Khi can diéu
khién co cAu chép hanh, ap suét hé thdng tang dan gan voi ap suét ctra ddy. Néu &p suét hé thong
téng t&i gia tri dat trén van cdm bién tai thi van cdm bién tai ngat dau t&i piston diéu khién. Phan dau
trong piston diéu khién bi 16 xo phia déi dién day ra ngoai qua van tiét lwu vé thap ap, géc nghiéng
tang dan va lam tang lwu lwvgng bom.
4. So sanh hiéu suat cia mot sé phwong phap diéu khién bom

Biéu dd dwéi day mo td mire dd st dung cdng suét clia bom ddi véi cac trwong hop diéu
khién bom piston roto hwdng truc trong hé théng truyén dong thay lwc.

Pg

Cong suat
tén that

Céng sudt Cong suat tén that
tén that Py

Pr

Py Pr

Phu tai Phuy tai

Q Quas Q Qunax Q Qunax

a b Cc
Hinh 4. So sdnh Zaiéu dé céng suét trrong rng voi rzujt s6 phwong phép diéu khién bo)'m khi cung phu
tai.
a) Bom c6 san lwong va chiéu cap khéng doi. '
b) Bom c6 san lwong va chiéu cap thay qéi v6i bg diéu chinh Iwu Igng theo dp suat.
c) Bom c6 co’ cau cam bién phu tai.

Hinh 4a biéu thi cong suét tiéu thu (’ng véi phu tai nhat dinh) so véi cong suat bom cép ra.
Trén hinh nay ta thay, phan lwvu lwgng bom cép ra thira ra sé qua van tran vé két chira lam gidm
dang ké hiéu suat ctia hé thdng. Hon thé, phan ap suét cao hon mrc can thiét cling anh hwéng téi
thong s nay. Trén dd thj hinh 4.b, lwu lwong da phu hop song ap suét ludn duy tri cao hon mirc
phu tai cAn. V&i co cdu cam bién phu tai nhu trén hinh 4c ta thay, co ciu nay luén duy tri 4p suét
bom cao hon &p suét yéu cau mot khoang da Ién (gia tri dat trén co céu) gilp gidm dang ké &p suét
dw thira néu chi tréng vao van bu ap nhw truéng hop hinh 4b.
TAI LIEU THAM KHAO
1. Linde Hydraulic. “HPR-02 Self — regulating pump for open loop operation”.
2. Peter J. Chapple. “Principles of hydraulic system design” first edition, Coxmoor publishing
company (2003).

N6i san Khoa hoc Khoa May tau bién ~ S6 38 - 04/2020 42



DANH GIA CHAT LWQNG PHUN SUONG, HOA TRON HON HOP VA CHAY
CUA DONG CO' DIESEL HANSHIN 6LU32 KHI THU NGHIEM HON HOP DAU
CO-DO LAM NHIEN LIEU THAY THE

ASSESSMENT OF SPRAY, MIXED COMPRESSION AND FIRE OF DIESEL
HANSHIN 6LU32 ENGINE WHEN TESTING COMBINATION OF THE MIXTURE
FUEL OIL (DIESEL OIL AND PALM OIL) AS AN ALTERNATIVE ONE

NGUYEN PU’C HANH?, DPANG VAN UY2, NGUYEN DAl AN3
123 Trwrong Pai hoc Hang hai Viét Nam

Toém tat:
Bai béo gi6i thiéu két qua nghién ctru thuc nghiém véi céc théng sé qua trinh phun, hoa trén,
chéy trong bubng dét déng co diesel thiy Hanshin 6LU32 khi st dung nhién liéu hén hop déu
co thé chura este héa va dau diesel trong phong thi nghiém. Két qua nghién ciru thuc nghiém
nhdm danh gig kha ndng str dung loai nhién liéu méi trén thay thé cho nhién liéu truyén théng.

T khéa: Nhién liéu hén hop; qua trinh phun, hoa trén - chay; déng co diesel tau thiy 6LU32.

Abstract:
The paper introduces the results of experimental research with spraying, mixing, burning
parameters in the Hanshin 6LU32 marine diesel engine combustion chamber when using the
fuel of un-esterified crude palm oil and diesel in the laboratory. Empirical research results to
evaluate the possibility of using the new fuel instead of traditional fuel.

Keywords: Mixed fuel; spray, mixing - fire processing, marine diesel engine 6LU32.

1. DAT VAN BE

Hién tai, xu hwéng nghién ctu st dung nhién liéu thay thé cho déng co diesel néi chung va
dong co diesel thay 1a rat phd bién trén toan thé gidi. B&i vi, cac loai nhién liéu thay thé bao gdm
nhién liéu hén hop va nhién liéu nhii twong c6 kha ndng tai tao va gidm sw phu thudc vao nhién liéu
hoéa thach trong twong lai [1, 2, 6].

Tuy nhién, khi nhién liéu hdn hop dwoc st dung dé thay thé nhién liéu thong thwdng cho déng
co diesel cé thé anh hwdng dén qua trinh hoa tron-chay hén hop nhién liéu-khéng khi trong budng
dét dong co, sau dé la anh hwdng dén hiéu suat ctia ddng co, do cac dac tinh ly héa clia nhién liéu
hén hop thay déi [7, 8, 9].

Vi vay, khi nghién ctru st dung nhién liéu hén hop (d3u co thd chua este hoa va dau diesel)
cho ddng co diesel thay thi viéc nghién ctru thiee nghiém trong phong thi nghiém la rat quan trong.
Day van con la mot van dé& con kha méi mé trong cac nghién ciru & Viét Nam (biodiesel méi duoc
tap trung nghién cru nhiéu) cling nhw con nhiéu ban luan trén thé gisi. Do dé trong bai bao nay, tac
gid sé danh gia cac két qua nghién clru thwe nghiém véi cac théng sé qua trinh phun, hoa tron, chay
trong budng dét dong co diesel thily Hanshin 6LU32 khi st dung nhién liéu hdn hop dau co thé chuwa
este hoa va dau diesel thay cho nhién liéu truyén thdng 1a dau diesel.

2. NOI DUNG
2.1. Piéu kién thtr nghiém
2.1.1. Muc dich, ché do, diéu kién va déi twong thwe nghiém

Thu thap day du cac két qua vé qua trinh cap nhién liéu cho dong co lién quan dén thoi diém bét
dau phun nhién liéu, 4p suét phun nhién liéu cao nhét... trong budng dét ctia dong co diesel & ché do tai
nhét dinh nham danh gia sw &nh hwéng dén thoi diém phun, lwu lweng va ap suét cta hé théng phun
nhién liéu [7].

Thue té cho thay, néu ché do thwe nghiém cang nhiéu, sé cang khang dinh mirc dd chinh xac va
tin cay cla két qua thir nghiém. O’ chwong trinh nghién ctvu nay, cac két qua thwc nghiém dwoc tién
hanh 14y & ché d6 tai 60% cla dong co diesel nhw thé hién trén Bang 4.1. Thwc nghiém duoc tién hanh
trong PTN & diéu kién nhiét d6 méi trwdng la 24°C, ap suat mdi trwong po= 1 bar, dd dm twong déi la
75% [3, 4, 5.
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Bang 1. Cdc ché dé thiznghiém [7]
Ché d6 tai ctia dong co Tbc do (v/p)
60% (600 kW) 273

Bong co diesel tau thdy HANSHIN 6UL32 lai phanh thly Iwc Omega 1500 va HTPNL cho dong
co dwoc lap dat t,ai Trung tdm nghién ctru hé dong lwc, Trwdng Dai hoc Hang hai Viét Nam.
2.1.2.Trang thiét bi phuc vu nghién ctru thwc nghiém
1. M6 hinh thwc nghiém ( Hinh 1)

L
P

9
) [ —— 8
~F~~ Thiét bi do /7
oo~ | |- PoN A Pc, Pinj, Ge, Visio Scope NIO
.i { {-' Xy
\4 /_1

A
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1 - Bom cao 4p; 2 — Phin loc tinh; 3 — Luu long ké; 4 — Bom cép nhién liéu hén hop; 5 — Béy hém; 6
— B6 khuay trén nhién liéu hon hop; 7 — Phanh thdy luc; 8 — BS phén tich khi xa; 9- Cac thiét bi do.
Hinh 1. So' d6 hé théna va cdc thiét bi thi nahiém [71:
2. Théng s6 déng co 6LU32 (Bang 2) :

6LU32 7 P)

Béng 2. Céc théng sé ki thut cia déng co diesel Hanshin 6LU32 [7]

STT | Théng s6 ki thuat Don vi Gia tri

1. S6 xy lanh Cai 6

2. Cong suat dinh muc kW 970

3. Vong quay dinh mrc vip 340

4. DPuwong kinh xy lanh mm 320

5. Ap suat nang kim phun bar 280

6. GPS Do GQTK 11° trwéec DCT
7. Suét tiéu hao nhién liéu dinh mdc g/kW.h 200

8 Ap suét chay I&n nhat bar 90

3. Dic diém ky thuat cta cac thiét bi do [7]:

- Thiét bj camera nghién ctru qua trinh cong tac dong co bang hinh anh Visio Scope cé kha
nang chup &nh va quay phim qué trinh phun, hoa trén - chay cta nhién liéu trong budng dét cta
dong co diesel @ méi GQTK. Thiét bj bao gdm 01cdm bién quang, camera cao tbc, dng noi soi va
céc thiét bi bién ddi tin hiéu, xt ly div liéu:

+ Chup hinh anh trong budng dét v&i téc dd cao, do phan gidi dong 12bit, téc dd chdp 10um
dén 10ms;

+ Ong nodi soi cd lam mat v&i cac géc nhin 0, 30,70 do;

- Thiét bj do &p suét qua trinh chay p., kiéu loai 2516A cla hang Kistler.

- Hé théng thu thap sb liéu tir dong co cha hdang AVL, Cong hoa Ao:

N6i san Khoa hoc Khoa May tau bién ~ S6 38 - 04/2020 44



+ GOm 16 kénh twong ty, 05 kénh ap suét, 06 kénh nhiét d, 01 kénh GQTK, 01 kénh mo
men, 03 kénh cho cac tin hiéu khac;

+ Sai s cac cadm bién trong dai cong tac khéng qua 2%;

+ Cé4c thiét bj cdm bién dadm bao lam viéc dwoc trong diéu kién nhiét dd mai trwéng dén 800°C:
04 bd ca&m bién, bién dbi ap suat 100mbar—40 bar; 01 bd cdm bién ap suét khi quyén 800-1200
mbar; 06 bd cdm bién nhiét do dén 650°C; 01 bé cam bién GQTK.

- Thiét bi giam sat ap suat qua trinh chay Indi Modul 621 (do ap suét cong tac, vé do thi)
dam bao do dac 06 kénh ap suét chay, 01 kénh ap suat phun vé&i dd chinh xac cao, phan mém xw
ly, tinh toan va hién thj sé liéu dang sb va dang dé thi, bao gdm:

+ Bd cam bién va xw ly tin hiéu ap suét chay tbc do cao véi 06 cadm bién Piezo thach anh, sai
s6 < 0,01%;

+ 01 cam bién ap suat phun nhién liéu cao ap (dén 200MPa);

+ M6 dun x ly di¥ liéu sau do (Data Post Processing Concerto) kém phan mém lap cong thirc
tinh toan, xt ly dé hoa.
4. Nhién lidu thi nghiém (bang 3)

Béng 3. Chi tiéu co’ ban cta nhién liéu hén hop dau co - dau diesel phuc vu nghién cteu [7]:

" s ein Loai nhién liéu

STT Tén chitieu DO PO10 PO20 PO30
1 |Khéilwong riéng & 15°C, (kg/md) 850,0 853,8 859,9 866,8
2 | D6 nhét dong hoc & 40°C, (cSt) 2,60 3,42 5,31 6,45
3 | Trisé Cetan, (CN) 42,89 50,13 50,91 52,11
4 | Nhiét do chép chay coc kin, (°C) 72 73 75 77
5 | Nhiét tri, (MJ/kg] 43,4 39,72 39,55 38,69
6 |Strc cing bé mét & 40°C, (mMN/m) 20 21,4 22,8 24,2
7 | Ap suét hoi bdo hoa & 25°C, (MPa) 0,0477 0,0456 0,0432 | 0,0407

5. Quy trinh do va xt ly sé liéu thwe nghiém:

- Méi loai nhién liéu déu dwoc thlr nghiém & méi ché do tai, nhw vay tdng cdng sé can thuc
hién 4 I1an thi nghiém. Mai 1&n thi nghiém can thyc hién khoang tir 3-5 gi¢. Trung binh déng co diesel
6LU32 tiéu thu tr 70kg dén 90kg nhién liéu/gic.

- Lwong tiéu hao nhién liéu dwoc do theo chi phi nhién liéu gid (kg/h) dé tinh toan suét tiéu
hao nhién liéu cé ich cda déng co (g/kW.h).

- Do ap suét chay, thoi diém phun nhién liéu va thoi diém béc chay.

- B6 tri thiét bi camera chup anh va [quay phim Visio Scope dwoc gén vao nap xy lanh.

- C4c thiét bj do dwoc hiéu chinh vé diéu kién chuan trwdc khi do thwe nghiém, sb liéu thu
dwoc cho mét 1an do 1a trung binh clia cac gia tri co tan suét xuat hién nhiéu nhéat trong thoi gian ghi
nhan.

2.2. Két qua va thao luan

Trong qua trinh thi nghiém, IAn Iwot 4 loai nhién liéu dwoc st dung va thiét bj Visio Scope dwoc ap
dung dé ghi lai hinh anh qua trinh dién bién cta thdi diém bat dau cap nhién liéu vao budng dét dong
co, thoi diém bat dau chay va dién bién qua trinh chay cho cac hinh anh kha rd nét:

Tai Hinh 2 cho thay thoi diém nhién liéu bat ddu dwoc phun vao budng dét cta xy lanh sé 1
dong co diesel thay 6LU32 & vong quay 273 v/p twong dwong 600kW (60% tai).

Xét tai thoi diém -11,7°GQTKtrwdc DCT & Hinh 2, tia phun cda nhién liéu DO la rdt mé nhat,
con tia phun cdia nhién liéu PO10, PO20 14 kha; con hinh &nh tia phun ctia PO30 14 rd hon ca. Tiép
theo tai thdi diém -7°GQTK trwéc DCT & Hinh 3 ciing cho thdy hinh anh twong tw nhwng lic nay
hinh anh phun da ré nét hon.

Nhw vay ciing c6 thé thay ré nhién liéu hén hop dwoc phun sém hon so véi nhién liéu DO du
cho déng co diesel déu lam viéc & diéu kién twong dwong nhau.

Hinh 4 xét &ng v&i thei diém -3°GQTK trwéc DCT 14 hinh anh chup duwgc bat dau qua trinh
chay voi cac tia mau vang (ngon Itra chay), nhién liéu PO30 chay rd rang nhat, sau d6 1a PO20,
PO10 va cubi cung méi la DO. Hinh anh nhién liéu bat dau chay ciing cho thay nhién liéu hén ho’p
PO dwoc phun vao budng dét doéng co sdm hon, thoi gian chay tré& ngan hon va bat dau chay xay
ra sém hon so v&i nhién liéu DO didu nay cé thé do PO cé tri sé Cetan I&n hon.
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7 DO - Playing...

1 PO20 - Playing... =

1 DO - Playing... 1 PO20 - Playing...

Rep 0(0) | 9of 75 |Enabled |(194,472)[ 41, 35, 36!/ | | Rep 0(0) | 14of 81 | Enabled Rep 0(0) | 100f 75 |Enabled [(194,472} 41, 35, 36!/ | | Rep 0(0) | 150f 81 | Enabled
=117 "CA Cye 1 540 2731pm =11.7 "CA Cye 1 540 2731pm -7.0 'CA Cye 1 540 2731pm -7.0 'CA Cye 1 540 2731pm

P PO10 - Playing ... = | @ | 5| | A PO30-Playing... S eli=]

A PO30 - Playing... [ea|=

# PO10 - Playing... sl@s

Rep 0(0) | 14ef 81 |Enabled [(295,2341] 47. 43, 421 [ [Rep 0(0) | 14of 81 | Enabled Rep 0(0) | 15¢f 81 | Ensbled (296,284} 47. 49, 421/ | | Rep 0(0) | 150cf 81 |Enabled
=11.7 "CA Gyl 540 2731pm -11.7°CA Gyt 540 273pm =7.0°CA Cye 1 540 273pm <7.0 'CA Ce 1 540 273pm

Hinh 2. Hinh anh nhién liéu bat du phun """ Hinh 3. Hinh anh nhién liéu héa trén, chdy
&-11,7 d6 GQTK trwée DCT, 273 vip &-7 d6 GQTK trwéc DCT, 273 vip

Rep 0(0) | 13cf 75 |Enabled (194,472} 41, 35, 38} Rep 0(0) | 18of 81 | Ensbled Rep 0(0) | 21of 75 |Enabled (194,472 41, 35, 36) Rep 0[0) | 260f 81 | Enabled
=30 'CA =} 50 2731pm «3.0 'CA Cye 1 540 73pm 5.0 'CA Cye 1 54 273 ipm 50 CA Cye 540 273ipm

1 PO10 - Playing...

1 PO30 - Playing... o|[@]= 1 PO10 - Playing... < @1 = | | P PO30- Playing... o=

Rep 0(0) 180f 81  Enabled (296.284)] 47, 49, 42} Rep 0(0) 180 B1 | Ensbled Rep 0(0) | 26of 31 | Enabled (296, 284} 47, 43, 42! Rep 0(0) | 260f 81 | Enabled
-30°'CA Cye 1 540 273 1pm -30°CA Cye 1 540 273pm 5.0 'CA Ty 1 540 273 50 °CA Ty 1 540 273m
Hinh 4. Hinh anh nhién liéu chay Hinh 5. Hinh dnh nhién liéu chay
A -2 dA GOTK trivie POT 272 vin & 5db6 GOTK sau BCT. 273 v/b

7 DO - Playing... |- |-E- &5 | P PO20 - Playing... 7 DO - Playing... ' | =S | P PO20 - Playing...

Rep 0(0) | 270f 75 |Enabled [(194,472}( 41, 35, 36 | |Rep 0{0) | 320f 81 |Enabled Rep 0(0) | 380l 75 |Ensbled [(134,472[ 41, 35, 36) | [Rep 0(0) | 430f 81 |Ensbled
11.0 °"CA Cye 1 540 273 1pm 11.0 °CA Cye 1 540 2731pm 22.0 'CA Oe 1 540 273 1pm 22.0 "CA Cye 1 540 2731pm

1 PO30 - Playing... sl @ P PO10 - Playing... ® =

P PO10 - Playing... o @l =

P PO30 - Playing... s @=

&

Rep 0(0) | 320f B1 |Enabled |(295,284}[ 47. 49, 42% Rep 0(0) | 32cf 81 | Enabled Rep 0(0) | 43¢f 81 | Erabled [(296,284)] 47. 49, 42/ | (Rep 0(D) | 430f 81 | Ensbled
11.0 'CA Ce 1 540 2731pm 11.8°CA Cye 1 540 273ipm 22.0 °CA Cye 1 540 273pm 22.0°CA Gy 1 540 273ipm
Hinh 6. Hinh anh nhién liéu chdy Hinh 7. Hinh anh nhién liéu chdy

& 11 d6 GQTK sau DCT, 273 v/p & 22 dé GQTK sau DCT, 273 v/p
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Ngoai ra, quan sat trwc quan cac két qua hinh anh ciing co thé danh gia vé sw hoa tron clia
nhién liéu va khéng khi nén trong buéng dét. Hinh anh hoa trén cGa nhién liéu DO va PO10 cé do
min rat cao, diéu nay déng nghia véi kich thwdc hat nhién liéu 1a kha nhé; con déi véi PO20 dd min
co glam di, tuy nhién déi v&i nhién liéu hén hop PO30 d6 min kém hon va tao nhiéu vét dam di tw
trén xubng. Cac vét dam nay c6 thé 1a nhirng “tia nhé” nhién liéu co kich thuwéc hat Ién hon va xam
nhap vao khéng gian budng dét sau hon. Hinh &nh nhién liéu chay cla 4 loai nhién liéu trong budng
dét dong co diesel 6LU32 tiép tuc dwoc trich xuat & thoi diém sau DCT 5°GQTK, 11°GQTK va
229GQTK thé hién tr Hinh 5 dén Hinh 7.

O Hinh 5 thé hién hinh anh tai thoi diém 5°GQTK hén hop nhién liéu-khdng khi chay rét ro
rang va dén 11°GQTK chay rat manh - Hinh 6, khi quan sat mau chay c6 thé rut ra mot sé két luan:

- Nhién liéeu DO cé mau chay sang nhét, nhién liégu PO10 va PO20 c6 nhirng diém mau
sam, tuy nhién PO20 c6 nhiéu hon déi chat. Nhién liéu PO30 cé mau chay vang sam:;

- V&i mau sac chay khac nhau nhw vay cé thé nhan dinh rang, nhiét dd chay cuta cac loai
nhién liéu khac nhau va DO c6 nhiét dd chay cao nhat, con PO30 c6 nhiét do chay thap nhat. Mau
séc chay cta nhién liéu PO30 cho thay chat lwong chay véi nhiéu khéi mubi;

- Théng qua nhiét dd chay cla ting loai nhién liéu va theo quan diém kinh nghiém khai
thac dong co, day cé thé la mdt nguyén nhan lam cho qua trinh chay cla nhién liéu hén hop sé tao
NOx it hon so véi DO vi nhiét d6 chay thadp hon DO;

Con & thoi diém 22°GQTK (Hinh 7), hdu nhw nhién liéu dang & thoi ki cudi qué trinh chay
(chay tan):

- V6&i nhién liéu DO, mau chay sang chuyén sang mau chay tbi v&i nhiéu khéi, tuy nhién
nhién liéu PO30 van con chay twong déi manh (do nhién liéu nay cé nhiéu thanh phan & xy hon).

3. KET LUAN

Chét lwgng phun swong va hoa trén - chay dwoc camera VisioScope chup hinh va quay phim
lai cho thdy sw khac nhau vé& mat hinh anh déi v&i 4 loai nhién liéu tac gid chon lwa dé& nghién ctru
thwc nghiém.

Trong d6 loai PO20 Ia loai nhién liéu hén hop cé ty 1&é diu co nguyén chéat cao dén 20 % trong
hén hop véi dau DO van cho hinh &nh vé chét lwong phun swong va hoa tron - chay kha tét tuy cé
kém hon DO va PO10, tét hon so véi PO. Diéu nay la mét yéu té quan trong trong viéc cé thé chon
Iwa loai PO20 nay lam nhién liéu thay thé cho déng co diesel tau thay.
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BO PIEU KHIEN PI MO: TU THIET KE DEN 'NG DUNG
LE DANG KHANH
Khoa méy tau bién, truong Bai hoc Hang hai Viét Nam
Email: ledangkhanh@vimaru.edu.vn
Tém tit
Bai béo nay trinh bay mét phuong phép tinh chinh online théng sé ctua bé diéu khién Pl
(Proportional-Integral controller), v&i khodng tinh chinh da réng xung quanh gia tri dat duwoc
ttr phuong phéap thuc nghiém Ziegler-Nichols, bang ky thuét logic mo. Céu tric diéu khién
lai bao gébm mét bé diéu khién Pl va mét bo diéu khién mo duoc thiét 1ap. Trong doé, bé diéu
khién Pl git vai tro la bé diéu khién chinh, tao tin hiéu diéu khién dbi tong va bo diéu khién
mo git vai tro la bd quan sét, cung cép théng sé phu hop cho bé diéu khién Pl theo thoi gian
thue.
Tr khéa: B6 diéu khién PI, B6 diéu khién mo, Ziegler-Nichols, Diéu khién qua trinh
Abstract
The article presents an online fuzzy tuning technique for a Pl controller (proportional—-integral
controller) with wide enough tuning ranges around parameters obtained from Ziegler-Nichols
tuning method. A hybrid control structure combining a PI controller and a fuzzy controller is
established, where the PI controller plays a role of main controller to generate control signal
and the fuzzy controller acts as a supervisor for real-time providing parameters of the PI
controller.

Keyword: PI controller, Fuzzy controller, Ziegler-Nichols, Process Control.

1. D&tvan dé

Ngay nay b diéu khién tich phan ti 18, goi tat Ia bo diéu khién PI (Proportional-Integral
controller) dwoc trng dung rat phd bién trong diéu khién cac qua trinh cdng nghiép, do kha néng diéu
khién hiéu qud, cAu tric don gian va pham vi &ng dung réng (Salami, M. and G. Cain, 1995;
Kanagaraj, N., P. Sivashanmugam, and S. Paramsivam, 2008). Trong ly thuyét diéu khién, cé rat
nhiéu phuo’ng phap dé hiéu chinh théng sé cia bd didu khién PI, phd bién nhét 1a phwong phap
Ziegler-Nichols (Kwok, D.P. & P. Wang, 1992). Tuy nhién, d6i v&i mot sd hé thdng, viéc hiéu chinh
bd diéu khién Pl bang phwong phap nay doi hdi mét qua trinh thwe nghiém kha méat thei gian (Jones
A.H. & P.B.M. Oliveira, 1995). Thong thuong, cac thong sé cta bd diéu khién duoc xac 1ap bang
phwong phap Zlegler Nichols dwa trén két qua do dac duoc tlr dap (rng cla hé thong Tuy nhién,
do anh hwéng cla nhiéu va sai s6 clia phép do, dan dén viéc hiéu chinh théng sé cla bd diéu khién
Pl kho dat dwoc gia tri tot. Vi vay, mot qua trinh tinh chinh dwoc thye hién trude khi ap dung bd diéu
khién vao hé théng (Kwok, D.P. & P. Wang, 1992).

V& nguyén téc, c6 hai kiéu tinh chinh bd diéu khién Pl da dwoc nghién clru va trién khai (rng
dung. D4 13, tinh chinh ngay trong qua trinh hoat déng clia hé théng (goi tat la tinh chinh online) va
tinh chinh trong Itc tat hé théng hodc chi cho hé thdng van hanh moét thoi gian nhét dinh (goi tat 1a
tinh chinh off-line). Trong do, ap dung giai thuat di truyén dwoc xem la moét phwong phap hiéu qua
dé tinh chinh off-line bo diéu khién (Salami et al., 1995; Kwok et al., 1992). Tuy nhién, viéc tim kiém
truc tiép cac gia tri tbi wu cla cac thdng sb bo diéu khién trong mién xac dinh cla chung doi hdi rat
nhiéu thoi gian, cling nhw cé thé phai can dén mé hinh toan ctia dbi twong (Nguy&n Chi Ngon, 2008;
Mitsukura et al., 1997). Trong khuynh hwéng phét trién cong nghiép ngay nay, cac qua trinh thiét bj
doi hdi viéc tw dong diéu chinh mét cach hiéu qua, trong pham vi hoat dong réng, cling véi viéc thiét
ké va thi cong bd diéu khién don gian. Tinh chinh online bd diéu khién Pl bang cac giai thuat thong
minh dwoc xem la mét trong nhiéu cach thirc dé dat dwoc yéu cau nay (Kanagaraj et al., 2008).
Trong s6 cac ky thuat diéu khién théng minh, logic mé ndi 1én nhw 1a mot phwong phéap thé hién kha
nang suy dién cla bd 6¢ con ngwdi va né da dwoc (rng dung thanh coéng trong nhiéu linh vwc véi
vai trd ctia mét bd quan sat (Er, M.J. and Y.L. Sun, 2001). Co ché suy dién m& duoc xem & mot
phwong phap don gian va hivu hiéu dé tinh chinh cac bo diéu khién kinh dién (Kanagaraj et al.,
2008). Bai bao mé t& phuwong phap tinh chinh online théng sb ctia bo diéu khién Pl xung quanh gia
tri kinh dién dat dwoc tlr phwong phap Ziegler-Nichols, bang k§ thuat logic mé. Théng sb cla bd
didu khién Pl dwoc quyét dinh béi bo diéu khién me, dwa trén didu kién hoat déng hién tai ctia dbi
twong. O’ day, cau tric hé thédng bao gdm hai bo diéu khién, con dwoc goi 1a cau tric diéu khién lai.
B6 diéu khién PI gitr vai trd la bo diéu khién chinh, tao tin hiéu diéu khién déi twong va bo diéu khién
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mo gir vai tro 1a bd quan sat, cung cép théng s6 phu hop cho bé diéu khién Pl theo thoi gian thurc.
Vi thé, dé don gian hai bo diéu khién nay dwoc goi la bd diéu khién Pl mo.

2. Phwong tién va phwong phap

2.1.Phwong tién nghién cru

CAu truc diéu khién dwoc thiét 1ap nhw hinh 1. Trong d6, X la dap tng thuc té ctia dbi twong;
Xref la tin hiéu tham khdo; e la sai biét gitra dap (rng thwc t& va tin hiéu tham khao va Y 1a tin hiéu
didu khién dwoc xac lap béi bod didu khién Pl me. Bo diéu khién Pl md trong nghién ctvu nay dwoc
xay dwng trén phdn mém MATLAB/Simulink, phién ban sinh vién 2009b va céng cu logic m& (The
MathWorks, Inc., 2009).

B0 diéu khién m&

Xeet + - 2 N Dél tuong X
. B¢ di€¢u khién PI Y didu khién

A
v

Hinh 1: M& hinh téng quét ctia hé théng diéu khién
2.2.BO dié‘u khién PI
B diéu khién Pl dwoc thwe hién bdi (Johnson M. A. & M. H. Moradi, 2005):
Y(t) = Kye(t) + K, [ e(t)dt
e(t) = Xper (0) — X (1)
(1) . ) 2

Trong do, Kp va K lan lwot |a do lgi ti 1é va do lgi tich phan ctia bd dieu khién. Nhiénj vu clia
ngu(yi thiét ké bo diéu khién Pl, 1a chon lwa b gia tri {K, [(i} théa man cac yéu cau vé chat lwong
diéu khién. Cac thong sb do loi Ky va Ki anh huéng dén thoi gian tang (rise time), do vot 16
(overshoot) va thoi gian xac lap (settling time) cua dap ng dwoc cho trong bang 1 (Kanagaraj et.
al., 2008). Cac théng tin nay duwoc xem 1a co sé tri thire dé xac dinh luat chinh dinh mé b diéu khién
PI.

Bang 1: Anh hwéng cua viéc ting céc théng sé do lgi cia bé diéu khién PI

Do loi Thoi gian tang Do lotvd  Thei gian xac lap  Sai so xac lap
Kp Giam T&ng Thay déi it Giam
Ki Giam Tang Tang Triét tiéu

2.3. Xac dinh théng s6 bd diéu khién Pl theo phuong phap Ziegler-Nichols

Ziegler va Nichols da dé xuét hai phwong phap thwc nghiém ding dé xac dinh cac théng s6 {Kp, Ki}
cla bd diéu khién PI (Astrom, K.J. & T. Hagglund, 1988).

2.3.1. Phuong phap Ziegler-Nichols dua trén dép tng vong hd

Phwong phap nay ap dung cho cac hé én dinh vong hé, véi tha tuc nhuw sau:
= Ap moét ham nac don vi tai ngd vao clia hé théng va xac dinh thdi gian tré L va d6 déc cuc
dai R clia dwong cong dap trng (Hinh 2a);
= Thong sb bo diéu khién Pl dwoc xac dinh nhw (2):

0.9
Kp,zn =t Ki zn =
0.27

— 2)
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Input signal Input signal

N
h —

U 0 . L
0 (a) 3 0 () 30

Hinh 2: Cac théng sb do dac tir phwong phap Ziegler-Nichols
2.3.2. Phuong phap Ziegler-Nichols dya trén ddp ¢'ng vong kin
Mot phuong phap khéac dé xac dinh bd diéu khién PI c6 thu tuc nhu sau:
= Thiét 1ap vong héi tiép am don vi, v&i bo diéu khién ti1& c6 dd loi Kp;
= Té&ng dd loi K, dén gia tri Ky ma & do dap ng bét dau dao dong va do chu ky dao dong Py
cla dap trng (Hinh 2b);
= Thong sb bo diéu khién Pl dwoc xac dinh nhw (3):
Ky zn = 05Ky; Kizn =
0.54 2 3)

. Cac gia tri {Kp_zn, Kizn} dat duoc tr phwong phap Ziegler-Nichols can duoec tinh chinh lai
bang thwc nghiém, mat kha nhieu thoi gian, tredc khi ap dung (Jones A.H. & P.B.M. Oliveira, 1995).
Muc tiéu cta bai bdo nay nham ho trgr qua trinh tinh chinh online cac théng sé trén bang ky thuat
logic m&.

3. Tinh chinh m& bo diéu khién PI

Bo diéu khién md dwoc dwa vao clu tric diéu khién Hinh 1, nhdm muc tiéu cung cép cap
gia tri {Kp, Ki} cho bd diéu khién P, dwa theo diéu kién hién tai cla {e, Y}. Nghia la bo diéu khién m&
s€ c6 2 ngd vao va 2 ngd ra, nhw Hinh 3.

AU XX

Fuzzy_Pl
°® Kp (5)
(mamdani)
; : ; 15 rules
Y@ Ki (5)

System Fuzzy_PI: 2 inputs, 2 outputs, 15 rules
Hinh 3: CAu trtic bo diéu khién mo

O cAu tric Hinh 3, ngd vao thir nhat clia b déu khién mo la e, dwoc mo hoa bai 5 tap {NB,
NS, ZE, PS, PB} va ngd vao th hai la Y, dwoc mo hoa béi 3 tap {LOW, MED, HIG} (Hinh 4a va 4b).
Céc tap m& ngd vao dwoc ky hiéu nhw sau: NB |a Negative Big, NS |a Negative Small, ZE |a Zero,
PS la Positive Small, PB la Positive Big, LOW la Low, MED la Medium va HIG la High. Ham lién
thudc cla cac tap md ngd vao dwoc sl dung la ham Gauss, xac dinh béi (4):

U-Ai(x) =

(ci—x%)?

exp(= =5 ) C)
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Trong d6, C:va dihoanh do tAm va do rong cua tip mo Al tuong tng. Mién
xac dinh cua cac bién ngd vao cua bd diéu khién mo, duoc xac dinh tuy thudc
vao timg dbi tuong cu thé.

Hai ngd ra ctia bo diéu khién mo 1an luot 1a Kp va Ki, déu duoc mo hoa
bang 5 tap {VLOW, LOW, MED, HIG, VHIG} (Hinh 4c va 4d). Cac tip md ngd
ra dugc ky hiéu nhu sau: VLOW la Very Low, LOW la Low, MED la Medium,
HIG 1a High va VHIG la Very High. Ham lién thudc cta cac tap mo ngo ra
duogc st dung dang tam giac, xac dinh bai (5):

0 x<a
% a<x<b
i(x) =1<,_ 5
Hyt (%) |% b<x<c )
kO xX>c

véi a, b, ¢ 12 hoanh d9 3 dinh ctia tip mo tam giac Al tuong tng.

B o e

oy ()

Kp_min Kp_max Ki_min Ki_max
c) Kp d) Ki

Hinh 4: Ham lién thudc ngd vao va ngd ra ctia bo diéu khién mo

Mién xac dinh clia cac bién ngd ra {K,, Ki} ctia bd didu khién m& dwoc xac dinh xung quanh
gia tri {Kp_zn, Ki zn} dat dwoc tr phwong phap Ziegler-Nichols, cho b&i (6):

aKp 7y < Kp < BKp 7y
aK; zv < K; < BK; zn

(6)

trong d6, (a, B) 1a cac hé sé dwoc xac dinh tuy thudc vao tirng ddi twong diéu khién, va dwoc
chon sao cho khoang tinh chinh da rong dé tim dwoc gia tri tbi wu cho {Kp, Ki} xung quanh gia tri
{Kp_zn, Ki zn}- . . . .

T co s& tri thive vé bd diéu khién Pl & Bang 1, luat diéu khién clia bd diéu khién me dwoc
thiét ké thong qua thuc nghiém va cho trén Bang 2. Nguyén tic xay dwng bd luat diéu khién duoc
mo ta nhw sau: néu thdi gian ting clia dap (rng 16N, tire dap (rng clia hé théng cham (E=NB), thi Ko,
duwoc hiéu chinh tdng béi {HIG, VHIG} va nguoc lai béi {MED, LOW}; néu dap trng bi vot 16 (E=PS,
PB) thi K, dwoc gidm xubng béi {LOW, VLOW},... M6t luat diéu khién cu thé dwoc phat biéu nhw
(7), b6 luat diéu khién dwoc ap dung dé tao ra tin hiéu diéu khién tai méi thoi diém l1ay mau, & day
st dung thai gian lay mau Ts=0.5 giay:

If e=NSandY = MED then K, = MED and K; = LOW @)
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Co ché suy dién m& dwoc chon 1a MAX-MIN va gidi m& theo nguyén Iy trung binh cla
phwong phap cwc dai, xac dinh béi (8):
. {Kp’Ki} =
i=1 Dilti
S ©
Vi {Kp, Ki} 1a thong sb bo diéu khién Pl s& dat dwoc; bi va pi 1an lwot 1a hoanh d6 diém trung
binh va gia tri cia ham lién thuéc ngd ra xac dinh béi luat the i trong R luat tac dong tai thdi diém

xem xét.

Bang 2: Luat diéu khién

Y
Ke/Ki LOW MED HIG
NB VHIG/HIG HIG/MED MED/MED
NS HIG/MED MED/LOW LOW/VLOW
e | zE MED/LOW LOW/LOW LOW/VLOW
PS MED/VLOW MED/MED HIG/HIG
PB MED/VLOW HIG/VLOW HIG/MED

4, Kétluan

Bai bdo mé ta phwong phap tw dong tinh chinh online théng sé cta bo diéu khién Pl bang
logic m&. Uu diém cla phwong phap nay la thiét ké va thwc hién bd quan sat mo rat don gidn ma
khéng can quan tdm dén c4u tric bén trong cla dbi twong diéu khién. Khoang tinh chinh céc théng
sb clia bo diédu khién Pl dwoc thiét 1ap du rong xung quanh gia tri dat dwoc tlr phwong phap thuc
nghiém Ziegler-ichols.
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NANG CAO KHA NANG CHONG NHIEU CHO HE THONG KHOA DICH HON
LOAN VI SAI CO MOT ANTEN PHAT VA NHIEU ANTEN THU BANG MAY THU
HOAT DONG THEO NGUYEN LY PHAN TiCH THANH PHAN POC LAP
ICA-BASE RECEIVER FOR IMPROVING ANTI-JAMMING PERFORMANCE OF A

SIMO DCSK SYSTEM
LE DANG KHANH
VIMARU, Marine Engineering Faculty, Power Fluid & Automation Division
Email: ledangkhanh@vimaru.edu.vn
Tém tat
Bai béo nay xem xét hé théng khéa hén loan vi sai khéng nhét quan trong méi truong nhiéu
don &m c6 béng tan hep. Nhém tac gid mét mé hinh may thu méi dwa trén thuét todn phén
tich thanh phan déc lap (ICA) dé téng cuong kha ndng chéng nhiéu cho hé théng. M6 hinh
may thu duoc dé xuét trong nghién ctru nay truéce tién sé phén tach tin hiéu nhiéu va tin hiéu
cén léy, tiép theo tin hiéu céan ldy sé dwoc nhén dang va chon ra duwa trén gié tri d6 nhon
(kurtosis) cta né, cudi cung tin hiéu dwoc chon ra dwoc gii téi bd trong quan va bo phat hién
nguéng dé thu duwoc céc bit thong tin. Cac két qué mé phéng chirng minh réng may thu duoc
dé xuét trong nghién ctru ndy cé cac déc tinh tét hon nhiéu so véi céc may thu truée dé.
Tir khéa: Khéa dich hén loan vi sai, Nhiéu don am, BER, Phan tich thanh phan doc lap,
SIMO.
Abstract
This paper considers a non-coherent differential chaotic shift keying (DCSK) system under the
narrowband single-tone jamming environment. We propose a novel receiver based on the
independent component analysis (ICA) technique to improve the system anti-jamming
performance. The proposed receiver first separates desired and jamming signals, then the
desired signal is identified and selected based on its kurtosis value, finally the selected signal
is passed through a correlator and a threshold detector to obtain transmitted bits. The
simulation results show that proposed receiver gives a much better performance than that
provided by conventional counterparts.
Keywords: Differential chaotic shift keying, single-tone jamming, BER, independent
component analysis, SIMO.
1. Introduction
Chaotic communications (CC) has recently been considered as a promising alternative to the
conventional direct sequence spread-spectrum (DS-SS) systems. The basic idea of CC is to replace
pseudo-noise sequences by chaotic sequences, which can be directly generated by chaotic maps.
Among various chaotic maps, logistic has been extensively exploited due to its simplicity and good
performance [1]. Chaotic systems are generally categorized as coherent and non-coherent chaotic
systems, among which non-coherent chaotic systems have got a lot of interest from research
community due to their simplicity [2]. The fundamental and the most studied nhoncoherent modulation
scheme is differential chaos shift keying (DCSK) [3]. The performance of a single input - single output
(SISO) DCSK system over the adaptive white Gaussian noise (AWGN) is investigated in [4] and [5].
In addition, the author of [6] analyze the performance of a single input - multiple output (SIMO) DCSK
system. Moreover, in [7], the effect of the single-tone jamming (STJ) on a SISO DCSK system is
studied. Although the performance of DCSK systems under jamming environments have been
adequately considered, there have not yet been any efforts to propose jamming mitigation schemes
for those systems. In addition, among various blind source separation techniques, the independent
component analysis (ICA) is the most popular candidate due to its convergence speed [8]. Motivated
by the aforementioned facts, in this work, we consider a SIMO DCSK system under the STJ
environment and propose a novel ICA-based receiver to improve the system anti-jamming
performance. We show that our proposed receiver can provide a much better BER performance than
that given by conventional filter-based receivers.
The remainder of this paper is organized as follows. The system model is presented in Section
Il. An ICAbased receiver for the considered SIMO DCSK system is presented in the Section Ill.
Simulations are carried out in Section IV to show advantages of our receiver. Finally, our conclusion
is given in Section V.
2. System and jamming models
The considered system is graphically illustrated in the Fig. 1. Particularly, we have a single-
antenna source communicates with a two-antenna destination under the attack of a single-tone
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jammer. Following several recent works on chaotic communications, i.e. [1] and [3], we use the
logistic map for generating the chaotic sequence. The mathematical representation of the map is
given as follows
Xnep =1 —2x7 1)

In addition, for the modulation process, each bit duration

T, is divided into two equal time slots. The first time slot is allocated for transmitting the reference
chaotic sequence length B. In addition, in the second time slot, if the bit information b, is 1, the
reference sequence will be again transmitted, otherwise the inverted version of the reference
sequence will be transmitted. As a result the transmitted signal can be expressed as follows

Xy
S, =
“ {b| Xy

fork =24(0-1)+1,....,21 -1)p
fork=(21-)p+1,....218 @)
The transmitted signal S, goes through the block Rayleigh fading channels which keep constant

during each block of transmission. In addition, the reception of the destination is disrupted by the
narrow band sinusoidal jamming signal which can be expressed as follows

j(t) = /2Py SIN (27t + 6) ©)

where Py, and fjq,, denote the jamming power and frequency and 0 e[- =, x]is an arbitrary
phase angle.
The sinusoidal jammer is used in this paper because it is one of the most common signals to

use and is easy to generate. The equivalent discrete baseband model of the above jammer can be
written as [7]

j =/2Pjan sin[Zzzk%ﬂQ) = J2Pjan sin(ﬂk%Jr@J (4)

where F = 2P;,,, T}, is the normalized jamming frequency.

_— 1
i (21-1)p
Chaotic | | [Delay % (Fading and ca | souree || Z} 77 || Threshold | %
Sequence| x | ¥ij (Jammmgs~ S Kk+p detector
k — }»k selection k=2(I-1)8+1
Information bit b}.

Figure 1. Block diagram of a DCSK system with our proposed receiver under jamming environment
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Figure 2. Notch filter-based receiver for a MISO DCSK system [6], [10]
At the destination, the received signals at the two receiving antenna are denoted as rlk and rzk
and expressed as follows

i = hgs(k) +hyy j(k); (5)
ry = hg,s(k) +hj, j(k); (6)
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where hg; and hg, denote the channel gains from the source to the destination and h;; and h;,
are the channel gains from the jammer to the destination. Here, we ignore the effect of the additive
white Gaussian noise (AWGN) at the receiver side since the AWGN can be readily dominated by the
intentional jamming signals. These received signals are fed into the ICA block for the separation of
the desired and jamming signals. Then, an estimated version of the desired signal, r,, will be

selected based on its ’kurtosis’ value. The detail of the ICA block and how to select the desired signal
will be presented in the next section. Finally, T, is passed through the correlator and the threshold

detector to recover the transmitted bits.
3. Conventional and ICA-based receivers
31 Conventional Receiver

Before going into detail about our proposed ICAbased receiver, we will present a conventional
filterbased receiver to highlight the differences between the conventional and our proposed ICA-
based receivers. The conventional receiver is illustrated in the Fig. 2, where infinite impulse response
(IIR) Notch filters are integrated into the equal gain combining receiver given in [6]. Each received
signal is first passed through an IIR Notch filter to excise the components that are jammed. Then,
the outputs of the Notch filters are fed into correlators and the outcomes are summed up and used
as an input of the threshold detector for deciding the transmitted bits. To further enhance the system
anti-jamming performance, one can deploy clippers in front of the Notch filters to reduce the power
of the high power received signals.
3.2 ICA-based Receivers

Independent component analysis is a technique used for separation of independent source
signals from their mixed observations (mixtures). In our considered system, the original sources are
the desired and the jamming signals. The received signals at the destination for each block of
Transmission, or the mixtures of the original sources, can be expressed as follows

1 h hi | s
Rzl:rkz:lz{hﬂ hjl}{k}zA& "
re 2 Mja || Jk

A here is called mixing matrix. Under the assumptions of independent sources, ICA is performed on
the mixtures by finding the inverse linear transformation that maximizes the statistical independent
between the mixtures. Inverse linear transformation matrix B, which is the inverse of A, is then used
for the estimation of the source signals

F }: BR. (8)
Jk

The ICA algorithm for sources separation can be briefly presented as follows

Although the ICA technique can separate the sources, it does not tell us which one is the desired
information and which one is the jamming signal. To differential the two signals, we use the concept
of kurtosis which is defined as follows [9]

4

Ky (X) = E[(X—:‘x)], ©)

X

where u, and g, are the mean and the standard deviation of x. It is important to note that kurtosis of
a sinusoidal signal is exactly 1.5. By using this fact, we can identify our desired signal as follows.
By using the Algorithm 1 and 2, we can obtain the jamming-free desired chaotic signal. Passing this
signal through the correlator and the threshold detector will give us the transmitted bits.
Algorithm 1: ICA For Source Separation

“Input R
:mu = E[R]
Re=R-mu

: cov = Covariance of R

. [U; S;~] = SVD Decomposition of R

: White matrix T = USIU'

"R =TRc

: r = number of sources

: Generate ar X r zero matrix B

10: fori=1:rdo

11: Defining convergence conditions

O©CoOO~NOOITDS,WNPE
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12: Generate a 2 x 1 normalized column vector b

13: while not converged do
14: bow=b
15: t=Rwb
—_t2
16: g=te?
-
17: dg = (1-12) e 2
18: b=— =9 _Elagh
length(R,)
19: b=b-BBb
20: Normalize b
21: end while
22: end for

23: Estimated sources S =BR
Algorithm 2 Identifying desired signal

1: Input S

2: Kurl = Kurtosis (§ ()]

3: Kur2 = Kurtosis (S (2;:)

4: if Abs(Kurl-1.5)>Abs(Kur2-1.5) then
5: Desired signal I, = (S (1;:)

6: else

7 Desired signal I, = (S (2;)

8: end if

4. Simulation results

The simulation setting follows the system model given in the Section Il. In Fig. 4, we provide a
comparison among the system BER provided by a naive receiver (without jamming rejection), a
Notch filter-based receiver, and our ICA-based receiver. It is first show that among the three
receivers, our proposed ICA-based receiver provides the best performance, especially the
performance given by our receiver does not depend on the jamming level.

10" . . . . : ' .
>

BER

=t Naive Receiver

—8— Naive Receiver with Clipper
= W = Notch Receiver

T = ® = Notch Receiver with Clipper
# ICA Receiver

o ] R

—-10 ;*:r ? 1 | 2 2 _ﬁ
ISR (dB)

Figure 3. BER comparison between our ICA-based receiver and the conventional one
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In addition, it is observed that the naive receiver gives the worst performance, as expected.
Moreover, we can see that employing clippers also greatly improves the performance given by the
naive and the Notch filter-based receivers.

5. Conclusion

In this work, we considered a SIMO-DCSK system under the single-tone jamming environment.
We proposed a robust ICA-based receiver to improve the system antijamming performance. We
showed that our proposed receiver can provide a much better BER than that given by the
conventional counterparts. In addition, we showed that the performance of our receiver does not
depend on the jamming level.Q
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BOI TRON XILANH TREN DONG CO DIESEL C&’ LON
CYLINDER LUBRRICATION ON LARGE BORE DIESEL ENGINE

ThS. MTr. Nguyén Ngoc Hoang
TS. MTr. Nguyén Tri Minh
Khoa Mdy tau bién, Trweong dai hoc Hang Hai Viét Nam

Tém tat:

Boi tron xilanh déng co diesel la rét quan trong, nham duy tri mot mang déu béi tron va lam
kin téi wu, véi mét lwong ddu chéy nhé nhét, va co thé thuc hién viéc truyén tai ap suét tir
piston dén xilanh. Pé dadm bdo bé mét céc xecméng va véch xilanh luén khéng bj tach roi khdi
mang dau trong sudt chu trinh. Do dé6 can thiét phai ddm bdo mét luong cap phu hop theo tai
va gi¢’ hoat déng cia piston-xilanh, Péng thoi cdn quan tdm dnh hudng cua luu huynh trong
nhién liéu, n6 cé thé g8y an mon vach xilanh do nguwng tu nwéc va tao ra axit suphuric. Bai
béo gidi thiéu toan bo viéc boi tron xilanh, tir nguyén ly boi tron, diéu chinh déu trong chay ra,
chon loai dau béi tron phu hop véi ham lwong lwu huynh trong nhién liéu...

Tir khoa: Béi tron xilanh déng co diesel tau thiay

Abstract:

Diesel cylinder lubrication is very important, to maintain a lubricant oil film, an optimal sealing
with minimal of oil burning and may realize a good head transfer from the piston to the cylinder.
To keep the surfaces of the piston ring and the cylinder wall are not separated by a continuous
oil film throughout the entire cycle. Thus, need monitoring the appropriate lube oil feed rate at
specific load and piston ring - cylinder running hour. Simultaneously, have to care influence of
sulphur in the fuel, which may cause corrosive wear by formation and condensation of water
and sulphuric acid on the cylinder wall. Article instroduces all cylinder lubricant, from
lubricating principle, control lube oil in running in, chooesen suitable oil for fuel sulphur
content...

Key words: Cylinder lubrication of Marine Diesel engine

Né6i san Khoa hoc Khoa May tau bién  Sé 38 - 04/2020 57



1. Datvan dé

Bai tron xilanh trén cac dong co c& 1én, hanh trinh dai dang cé nhirng tién bd khéng ngirng
theo thoi gian.Viéc van ddm bao mang dau béi tron gitra xéc méng va Xilanh khi than nhiét cla may
tang, cho phép chung ta nang cao nhiét dd nwéc lam mat ra khai xilanh xap xi 100°C, do do giam
mat mat nhiét dang ké cho nwéc lam mat , diéu d6 hoan toan phu ho’p véi xu thé va yéu cau phat
trién khoa hoc k¥ thuat, nang cao hiéu suat hé dong lwc tau thiy dé gidm phat thai toan cau, trén co
s& cla nghi dinh thu Kyoto vé& hwéng dan thuc hién cac qui dinh bat budc vé hiéu qué néng luong
tau thay theo MARPOL annex VI, trong dé cé chi tiéu ké hoach quan ly hiéu qua nang lwong tau
thay SEEMP (ship energy efficiency management plan) la sy danh gia hiéu qua hoat déng khai thac,
thuc ddy cha tau va ngwdi khai thac nang cao hiéu suat s& dung nhién liéu trong qua trinh hoat
déng tau.

Nhw vay viéc nghién clru nang cao chét lwong bdi tron xilanh trong qua trinh thiét ké va khai
thac dong co diesel tau thuy sé g|up glam chi phi khai thac tau, ddng thoi cling gop phan thda man
cac yéu ciu ngay cang khat khe clia td chirc hang hai thé gi&i theo chi tiéu yéu ciu vé nang lwong
nhw da gioi thiéu & trén.

2. Noidung

2.1. Béi tron xéc mang — xilanh

Bai tron xi lanh trong cac may diesel hién nay chd yéu 1a béi tron cwdng birc bang cac dau
phun ap luc, diesel thap tdc hanh trinh 160, ddu béi tron xi lanh dwoc dwa vao thoi diém dau hanh
trinh nén, khoang 100° trwéc diém chét trén, qua cac dau phun dau bé tri trén chu vi xi lanh. DAu xi
lanh dwoc bom dau lai trén dau truc cam hodc hién nay chi yéu dwoc cap t binh &p luc qua van
dién tir va van mot chiéu bd tri trong cac dau phun, thoi diém clp la khi xéc méng th hai tiv trén
xubng che kin 16 phun va ranh ngam dau, nhw vay sé lam cho dau béi tron khong bi vang té 1én
piston va phan tan tt ra cac hwéng, nap day vao ranh ngam dau (hinh 1.1), chiéu day mang dau
gira xecmang va xilanh dwoc duy tri nhd nhat va dwoc goi la vong dau diéu chinh, I6p dau nay nam
dwdi cac xecmang nén lvong duw sé duoc truc tiép gat xudng khoang gi6 quet. Mang dau con lai
trén vach xilanh do 16p dau nay gat qua sé la dau boi tron cho xecmang tiép theo.

Combustion
gases :
Lubricant
injection
holes

Hinh 1. So dé thoi diém béi tron va dnh chup ranh ngdm déu trén bé mét xilanh
2.2. Chay ra xéc mang - xilanh

Trong khai thac chung ta muén cé su twong thich tét gitra xéc mang va xilanh dé mang dau
gitra ching luén ludn khéng bi pha hoai dé tang tudi tho cla xilanh, xecmang va sw lam viéc véi chu
ky lap 1a rat tét cho cong viéc nay. Khi con méi, hodc stra chiva dung dinh ky, cac kich thuwéc va luc
gitra chiing con gan vai thiét k&, néu ching ta chay ra dung quy trinh thi chat lwong lam viéc va do
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do tudi tho ctia xecmang-xilanh s& nam trong tdm kiém soat. Vi ring, xéc mang trong qua trinh lam
viéc chiju tac dung ctia nhiéu lwc cé hwéng va bién do thay déi va thwong xuyén cé xoay twong ddi
S0 VGi piston, v&i chuyén dong chinh la trwot twong dbi trén bé mét xilanh, do d6 can duy tri mang
dau boi tron giira xéc mang va xilanh, véi lwong dau bdi tron cip nhiéu hay it la tly thudc theo
tai va loai dau dbt dwoc st dung, thuc té do dac kiém tra nguwoi ta thay khi diéu chinh duwoc lwong
clp dau boi tron tdi wu & hinh thanh mang dau, nhung tang lwu lwong cép thi chiéu day mang ciing
khong tang, cho nén chi tang lwgng dau béi tron vao xilanh khi can trung hoa axit sunphuric (dwoc
hinh thanh do ham lwong Iwu huynh trong dau dét) ho&c khi chay trong ving bién c6 d6 &m qua cao.

Rpm
%
100

100

O
[€8)

Chay ra xec mang 79 060
a7 13

51
34 Chay ra xilanh

80

16%MCR
60 f

40

20

Hour
O 2 4 6 8 10 12 14 16 18 20 22 24

Hinh 2. Chay ra xecmang — xilanh dong co 6S70MC

Hinh 3. Kiém tra xilanh va xéc méng

Xéc mang khi con méi sau nhiét Iuyén dinh dang, hay sau khi ma crém thi bé& mat lam viéc
hoi thé rap gb ghé, c6 go tron, sau khi chay 6n dinh, kiém tra thdy bé mat xéc mang mon min c6 gor
séc nhw hinh 3.a, xéc mang di chuyén dé dang trong rénh, con bé mat xilanh thi dong nhét, chi c6
xwéc nhe trén van bé mat, nhat |a phia dwéi gan clra gid quét, trong khi d6 néu bé mat xéc mang
khé, cé hién twong bam ban t trén xubng (hinh 3.b) 1a hién twong méat mang dau, diéu d6 sé dan
dén hién twong ket xéc mang trong ranh, triéu chirng cta ro khi chay, nhw vay thi dé dan dén xéc
mang sé gay khuc, va bé mét xi lanh sé& bi mon xuéc.
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Hinh 2 Ia biéu d6 diéu chinh vong quay may theo thdi gian trong qua trinh chay ra xéc mang
cla déng co 6S70MC, hang Man B&W-dwong nét dam, va dwdng nét nhat la qua trinh chay ra cho
xilanh.

Feed Rate
[e/k®-h] 4
(200% BASIC SETTIMGY

2.2 pg-cssscsccimmssnnne- {(Max. Feed Rate) o

EBreaking=in

Running=in F' s M=o A A g
‘*"‘T"""’ Scavenge port Inspection

_______________ (150% BASIC SETTIMG) -

r
|
1,
S J P ———

1.4 R (125% BASIC SETTING) --

1.1 ¥ (100% BASIC SETTING) —

0.9

- - f

0.8 (Min. Feed Rate) —_—— e =
=

1
0.7
1525'05% 1100 1700 2300 2900

BLEE
Serviee hours
Hinh 4. Biéu chinh dau béi tron xi lanh trong chay ra

Trong qué trinh chay ra can diéu chinh téng lwong diu béi tron xilanh, hinh 4 13 biéu dé diéu chinh
dau béi tron xilanh khi chay ra xéc mang va xilanh cho may 6S70MC cla hang Mitsui - Man B&W.
Khi chay ra cho xilanh, trong 15 gi® dau lwgng dau nhén béi tron xilanh cé thé dwoc diéu chinh téng
lén (200-220)% so véi dinh mrc(chay ra cho chi xéc méng c6 thé chi can 150%), sau khi khang dinh
tinh trang xéc mang va xilanh( qua kiém tra badng méat thwdng qua cac ctra gié quét 1a tét nhat), trong
250 gid' tiép theo dau nhon béi tron xilanh dwoc diéu chinh gidm xudng mirc 150% dinh mdc va sau
500 gi¢» lam viéc khong c6 bat thwdng trong mai mon xilanh thi mirc dau béi tron xilanh méi dwoc
diéu chinh vé 100% dinh murc. Néu xilanh c6 moén bat thwong (do thiéu dau béi tron, do chay ra sai
qui trinh va dac biét hay gap la mon nhiéu do 6 van do gian thoi gian dinh ky thay thé xilanh va xéc
mang) s€ pha hoai xéc mang va xilanh r4t nhanh, trong qua trinh chay ra xilanh can kiém tra tinh
trang thwc té cta xilanh va xéc mang bét ky khi ndo cé co hoi, vi rang, cac biéu hién va théng sb
khai thac khéng cho ta biét gi tinh trang cGia xéc méng va xilanh.

2.3. Chon déau va diéu chinh Iwong dau béi tron xilanh
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Low-sulphur fuel oil | High-sulphur fuel oil
70 (BN4D) T (BN100)

Max. Feed Rate
1860 |
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020
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Hinh 5. Biéu chinh dau béi tron xilanh theo ham Iwong lwu huynh trong nhién liéu cho déu cé chi sé
kiém co sé& (BN)40 va BN100.

Can lwu y tuan tha hwéng dan si dung cta nha ché tao két hop véi quan sat thye té tinh hinh
béi tron xilanh dé cé nhivng diéu chinh thich hop, vi mon xilanh chi yéu 1a do &n mon axit, dwoc tao
ra do qua trinh chay nhién liéu c6 Iwu huynh, cho nén can diéu chinh lwong dau bdi tron xilanh theo
ham lwong lwu huynh trong nhién liéu (hinh 5), dau dét cé ham lwong lwu huynh thap thi dung dau
béi tron xilanh c6 do6 kiém thap, nguoc lai dau béi tron xilanh c6 d6 kiém cao thi dung cho loai nhién
liéu c6 ham lwong lwu huynh cao. DA&u bai tron xilanh dong co diesel tau thay hién hanh cé chi s
co s& TBN (total base number) 70, thich hgp cho nhién liéu cé ham lwgng lwu huynh ttr 1,5 - 3,5%.
Kiém trung hoa axit ngidn &n mon xilanh, nhwng néu dé kiém cao sé gay ra &n mon kiém
nghiém trong, nhat l1a & nhiét doé cao, cho nén khi chay ra bé mat xilanh va xéc mang con
chwa twong thich thi nén str dung dau dét c6 ham lweng Iwu huynh thép, twong tng cho dau
béi tron xilanh c6 do6 kiém thap dé giam &n mon kiém.

Trong khai thac khong dung dau béi tron xilanh ¢ d6 kiém thap cho dau dét duwa vao budng dét
dong co ¢6 ham lwong lwvu huynh cao va chi cho phép dung dau bdi tron c6 do kiém cao cho dau
dét c6 ham lwong lwu huynh thdp dwéi hai tudn, vi réng khi d6 xilanh lai bi &n mon kiém.

hoangnguyenvmu@gmail. com

Hinh 6. Béi tron xi lanh kém trong chay ra
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Hinh 6 &nh chup tinh trang so' mi xilanh sau khi chay ra kém bdi tron do diéu chinh thiéu dau
nhe, b& mat so mi hoi khé va bi chay & khu vwc gan clra gié quét, hinh chup nhin tir hop khi quét,
theo huwéng cua dong khi quét nén cling cho chung ta thay c6 thé tau dang hoat ddng trong vung
nhiét d&i cé dd 4m cao lam cho ham lwong nwéc cudn theo trong khi nap cao, bén vao véach xilanh
phia dbi dién lam pha mang dau béi tron va lam xilanh bi &m mon axit va bj chay. Khi bao duéng
xilanh nay sau 10.000 gi& lam viéc, xilanh bi moén ché 16n nhat 0,5mm, binh thwérng 10.000 giey
xilanh chi mon khéng quéa 0,3mm. Con cac xéc mang cla xilanh nay mon trung binh ttr 1,5-1,7mm
c6 chd dén 2,0mm, trong khi néu chay ra dung, thi d mai mon xéc mang trung binh ctia may nay
chi 0,5-0,7mm sau 10.000 gi¢ lam viéc(cho xéc mang nhiét luyén dinh dang loai thwdng khéng ma
créom).

Can lwu y rang thiéu dau bai tron xilanh 1a rat nghiém trong, tuy nhién viéc téng thira dau béi tron
c6 thé 1am ngap xecmaéng trong ranh, sé khién xecmang khong xoay dwoc trong qua trinh lam viéc
va c6 thé gay hién twong ‘hydraulic lock’, d&c biét lwong cip dau béi tron dw thira sé gay ra hién
twong danh bong hoa hoc ‘chemical bore polish’, nhw vay vé lau dai sé khé duy tri mang dau boi
tron.

3. Kétluan

Nhw vay trong qua trinh chay ra piston-xilanh can thiét phai quan tam giam tdc dd chuyén doéng
cua piston, tang lwveng dau béi tron theo dung huwéng dan clia nha ché tao, s&v dung dau dét c6 ham
lwong lwu huynh thdp trong qua trinh chay ra, twong (rng néu cé thé thi st dung dau béi tron xilanh
c6 do kiém thap dé gidm &n mon va mai mon khi sy twong thich gitra chiing con chwa dwoc that tét,
vi vay gidm vong quay khai thac may va tang lwong dau béi tron xilanh trong qua trinh chay ra mét
cach dung muc sé tdng dwoc tudi tho clia xéc méng va xilanh (tudi d&i hay mai mon cho phép cla
xilanh héng Mitsui - Man B&W la (0,004 — 0,008)D, D-dwdng kinh xilanh).
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HE THONG XU’ LY KHi THAI NOx (NOR) SU’ DUNG CONG NGHE KHU cO XUcC
TAC CHON LOC (SCR) CUA HANG WARTSILA
WARTSILA NOx REDUCER (NOR) SYSTEM USING SELECTIVE CATALYTIC
REDUCTION (SCR)

KS. Nguyén Thi Nhan
Bé mén Mdy tau thay, Khoa Mdy tau bién

Toém tat

Bai viét giGi thiéu hé théng xtr ly khi thdi NOx (NOR) st¥ dung céng nghé khir cé xuc téc chon
loc (SCR) cta hang Waértsild, dwoc Idp dat trén cac tau hién dai nham gidm lwong phat thai
nitro dioxide (NOy) ra moi truwong. Téng quan hé thbéng xt ly khi thdi NOx va hé théng céng
nghé SCR cua hdng Whartsilé duoc trinh bay. Phan trng khir NOx dién ra trong 16 phan tng
cling nhw két céu cta hé théng SCR duoc gidi thiéu.

Abstract

The paper introduces a Waértsild NOy Reducer system (NOR) using Selective Catalytic
Reduction (SCR), which is installed in modern ships to reduce nitrogen dioxide (NOy)
emissions exhausted to the environment. An overview of the NOR system and the SCR
system are discussed. A NOy reduction reacting process and an SCR system structure are
discussed.

Key words: NOy Reducer system (NOR), Selective Catalytic Reduction system (SCR), catalyst
layer, NOy reduction reaction.
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1. Dat van deé

Qua trinh chay trong dong co diesel tao ra cac san pham th cép la cac oxit nito. O’ nhiét do
cao, nito' (N2), thwong tro, phan rng véi oxy (Oz2) tao thanh oxit nitric (NO) va oxit nitor (NO2), thwdng
duwoc nhom lai véi nhau dwéi dang phat thai NOx. Lwong NOx sinh ra lién quan ch&t ché dén nhiét
do dbét chay. NO ciing ¢6 thé dwoc hinh thanh thong qua qua trinh oxy hoa N2 trong nhién liéu va
thdng qua cac phan tng hoa hoc v&i cac gdc nhién liéu. NO trong dong khi thai la trong moi trvong
nhiét d6 cao va nong dd oxy cao, do dé oxy héa nhanh chéng thanh NO.. Lwgng phat thai NO2 xap
xi 5% téng lwong phat thai NOx. Do dé, viéc x& ly khi thai NOx sinh ra trong qua trinh van hanh cla
dong co la van dé cap bach ctia cac nganh céng nghiép néi chung va céng nghiép van tai bién noéi
riéng. Nhét la déi véi cac khu vire bién co kiém soat viéc phat thai khi thai ra moi truong (SECAS,
NECAs). bBiéu nay khong chi cé y nghia quan trong vé& bao vé moi trwdng ma con co vai tro quan
trong trong viéc thuc day sang tao, ung dung cdng nghé mai hién dai. Nham dap ¢ng yéu cau tiéu
chuan vé viéc phat thai NOx cap 3 cta IMO, hang Wartsila da phan tich va (rng dung céng nghé
SCR cho hé thdng xt ly khi thdi NOx, dam bao khir lwgng NOx trwdc khi thai ra méi truong.

S dung hé théqg khtr co xuc tac chon loc (SCR) la cach hiéu qua dé dong co diesel dat duoc
murc giam NOx can thiét theo tiéu chuan IMO Cép 3. N6 lam gidm lwong hat bui (PM) va NOx xubng
mirc gan bang khéng nh& cac phan (rng hoa hoc chuyén oxi nito' thanh nito, nwéc sau dé thai ra
mdi treong.

2. Téng quan

2.1. Hé théng xu ly khi thai NOx cda hdang Wirtsild (NOx Reducer — NOR)

Hé théng NOR ctia hang Wartsila hoat dong dwa trén cdng nghé khir cé xuc tac chon loc —
SCR dé khir NOx sinh ra trong qua trinh van hanh clia dong co. NOR la mét hé théng xt ly sau phat
thai, no giai quyét cac yéu cau vé gidm phat thai khi NOy, nhw yéu ciu ctia IMO cép 3. Hé théng nay
ciing c6 thé dwoc st dung cho hoat ddng gay quy giam phat thai NOx cGia Nauy hay dap (rng cac
gi&i han phat thai NOy theo yéu cu cua tirng khach hang.

Wartsila NOx Reducer 1a hé thdng tiéu chuén, cé sén mét sb cac kich thwéc va hinh dang
khac nhau, st dung linh hoat va cé trong danh muc cta déng co 4 ky str dung MDF va HFO. Cac
thiét bi trong géi tiéu chudn 1a: L6 phan &ng, thiét b thdi, thiét bi hoa tron va phun, thiét bi dinh lvong
uré, thiét bi diéu khién, thiét bj bom, thiét bi chira khéng khi. Ngoai ra, hé théng cé mét sé thiét bi
tuy chon theo nhu cau clia khach hang: Buong 6ng hoa tron, két chira uré, thiét bi chira khi nén.

Thiét bi théi
L6 phan trng R 4 muoi

khir NO, e {i; W

Thiét bi hoa
trén va phun

-

Budng éng
hoa trén

Két chira
Ure

Thiét bi dinh = LY et .
xu:;?:gb! an R u Thiét bi chira
, ; = v khi nén

Thiét bi diéu Thiét bi bom

khién ‘
8| Thiét bi chira
khéng khi

Hinh 1: Téng quan hé théng NOR
2.2. Hé théng céng nghé SCR cua hé théng xa ly khi thai NOx

Céac thanh phan chinh trong goi tiéu chudn 1a: L6 phan (rng, cac chét xtc tac, thiét bj thi, thiét
bi hoa trén va phun uré, th[ét bi djnh lwong uré, bd diéu khién va ty dong héa, thiét bi bom uré, thiét
bi chtra khéng khi, cAm bién d6 am.

- Ngoal thanh phan trong goi tiéu chuan, cé thé thém céc thiét bi sau: May phan tich NOx, hé
thdng cdm bién NOy, 6ng hoa tron, tram nén khi (cAp khi nén dé phun uré va hé théng thdi mudi).
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- Cac thanh phan khac can thiét cho hé théng la: Két chtra uré, thiét bi cach nhiét, ng thdi co
cac mat bich, thiét bj hd tro 6ng dan va I6 phan (ng, dwdng 6ng va van gitra cac thiét bj ctia hé
théng NOR
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Hinh 2: Téng quan hé théng SCR
Thanh phan hé théng:

1-Bang diéu khién 6-Voi phun

2-Thiét bj thoi 7-Két Uré

3-Buwong cap khi nén 8-Thiét bi bom

4-Thiét bi chra khéng khi 9-Cam bién NOx (tuy chon)
5-Thiét bi dinh lvong 10-Cam bién dd dm

3. Hé théng cong nghé SCR

3.1. Co' ché phan dmg khd NOx

SCR la hé théng cong nghé kiém soat khi thai hoat dong tién tién, lam giam mic NOx trong
khi thai tir ddng co’ bang cac loai chat xuc tac va chat khtr. Khi qua trinh xay ra, mét chat khir cta
dung dich nwéc uré dwgce thém vao dong khi thai. Nwéc trong dung dich uré bi bay hoi khi dung dich
dwoc phun vao khi thai néng.

Nhiét d6 cao cling gay ra sy phan hay nhiét cta uré ((NH2)2CO) thanh amoniac (NHs) va
carbon dioxide (COy):

(NH2)2CO + H20 — 2NH3 + CO2

Khi thai NOx sau d6 dwoc chuyén thanh nito phan t& (N2) va nwéc (H20), khi chiing phan (rng
v&i amoniac & bé mat xuc tac:

4ANO + 4NH3z + O2 — 4N2 + 6H20

6NO2 + 8NH3 — 7N2 + 12H20.

Cac chéat xtic tac dwoc dat bén trong 10 phan (ng két cau kim loai nam trong duong khi thai.
San pham cudi cung ctia phan &ng 1a N2 thudn tay va H20, tire 1a thanh phan chinh cua khong khi
xung quanh. Khéng cé sé&n phadm phu Idng hoac ran.

3.2. Két cdu héthéng SCR

3.2.1. Lo phan dng SCR

M6t 16 phan (ng SCR sé dwoc l&p cho mét déng co va dwdng éng khi xa. Lo phan &ng vo
thép co két cau mot dau vao va mot dau ra hinh con, cac I6p xuc tac, mot khung thép dé gilr I&p xuc
tac va mot thiét bj thi mudi. MGi I6p xuc tac néi voi duwong khi nén dé thdi mudi. Lo phan tng duoc
trang bi mot thiét bi do chénh ap dé theo dbi trang thai clia cac chat xuc tac va thiét bi do chénh nhiét
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dau vao, dau ra dé theo déi nhiét d khi thai. Ngoai ra, 16 phan (ng cling dwoc trang bi mét hodc
nhiéu céac 16 quan sat kiém tra 6ng dan, clra bao tri dé thay thé cac chat xuc tac.

Lo phan tng tiéu chuan duoc thiét ké mét cach linh hoat tiy thugc vao clu tric tau, va cé thé
dworc lap dat the,o chiéq doc hoac chiéy ngang trén tau. Hinh dang 10 phan tng dg’cyc tiéu chuan hoa
khac nhau va neu co bat ky han che ve khong gian nao thi 16 phan ¢rng SCR va 6ng hoa tron co thé
duwoc thiet ké riéng. Lo phan (ing SCR cling co the dwoc tich hop voi bé giam am va dugc st dung
cung v&i hé thong gidm am cla hang Wartsila (Wartsila Compact Silencer System-CSS) dé toi wu
hda hon nira viéc str dung khong gian trén tau. Be giam tieéng on khi thai, hé thong SCR cua Wartsila
cé san:

Hé thdng NOR tich hop: Lo phan rng SCR c6 bd gidm am tich hop (loai hap thu)

B6 giam am hoa tron: Thiét bj hoa tron va phun uré tich hop véi bd gidm am (loai phan (rng)

SCR va bé giam
am

am

Hinh 3: Hé théng NOR tich hop va bé giam 4m 6ng hoa trén

C6 nhiéu cac yéu t6 chinh can dwoc xem xét khi két hop 16 phan rng SCR v&i cac thiét bi khi
thai khac trong dworng 6ng khi thai. Hinh minh hoa cho thay céc tinh ndng gidm am cé thé dworc két
hop nhw mét phan cla 16 phdn rng SCR (bd khir NOR tich hop) va éng dan hoa trén (bd gidm am
hoa tron bao gébm ca bd phun uré) dé tiét kiem khong gian.

B6 giam am hép thu va

bé loc khi sau SCR o Bd loc khi

Néi hoi va cac thiét bi
khac sau SCR — )
—g

AN

truéc SCR

) Néi hoi
- . /
\7\ si .
L6 phan ¢ng SCR . \7\ L B NOR tich hop 16 phan
S "3 . - rng SCR va b6 giam am
B hoa trn va phun 1 '
‘I

B giam dm hoa tron cé
bao gém thiét bi phun

Bé giam am phan (rng

Hinh 4: Bé tri chung cta hé théng khir NOx hang Wartsilé
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L6 phén trng tiéu chuan cé kich thwéc ddm bdo mic giam phat thai NOx ttr cép 2 IMO dén
cép 3 cua IMO va co thé dwoc st dung cho ca MDF va HFO. Déi voi viec st dung nhién liéu c6 cac
yéu cau ve viéc gidam NOx khac, 16 phan (rng SCR va 6ng dan hoa trén c6 thé duoc thiét ké rieng
theo yéu cau.

3.2.1.1. Cdc chét xuc tic

Cac chét xuc tac dwoc dat trén cac khung bang thép bén trong 16 phan &ng, cé hinh vién gach
v&i cau trdc hinh té ong dé tang bé mat tiép xdc cla chat xuc tac.

Vanadium pentoxide (V20s) dwoc st dung lam chét xtc tac. Mac du cac chét xtc tac duwoc
lam sach thwéng xuyén béng cach thdéi mudi dé tranh hinh thanh cén gay tdc nghén nhwng hiéu suét
clia chat xuc tac sé bi gidm theo thoi gian. Nguyén nhan chinh 1a do tai nhiét va mét lwong nhd chat
ddc hai trong xuc tac. Cac chét xtc tac phai dwoc thay khi kha ndng hoat ddng gidm qué nhiéu. Tudi
tho théng thwdng tv 4-6 nam.

3.2.1.2. Thiét bj théi mudi

M@i 6 phan &ng duo’q trang bi mot thiét bi théi,mucf)i tw dong. Hé théng thdi mudi cé tac dung
loai bd c&n, ban khdi cac chét xuc tac, dé tranh 1am tac nghén cac Iép xuc tac dat bén trong.

Cac chét xdc tac dwoc lam sach bang cach thdi khéng khi vao 16 phan (rng thong qua cac van
dién t lon, cam l'frjg nhanh. Hé thong théi mudi cling bao gom mét binh ap Iwc, van xa va b truyén
bao ap lwc. Viéc cap khi luén phai dwoc dam bao khi dong co dang chay.

3.2.2. Hé théng bom uré

) Hé théng bom cé nhiém vu van chuyén uré tr két sang hé théng dinh lwong va duy tri du é’lp
suat trong cac dong uré. Phai c6 bom dy phong dé khi mét bom héng ciing khéng &nh hwéng dén
hoat déng cua hé thong SCR.

Céac thanh phan chinh ctia hé théng bom 1a hai bom truc vit chay béng dién dwoc gén trén
mét khung cung véi cac phu kién can thiét. Bo loc dau hat bao vé cac may bom va cac thiét bj & dau
ra clia dong chay khdi tap chat. Cac van moét chiéu ngan dong chay ngwoc clia uré dwoc lap dat sau
moi bom. D& bdo vé may bom, hé théng ciing ddm bao viéc theo ddi nhiét dé stator cling nhw theo
ddi &4p suét huat, xa. Van tran c6 nhiém vu bdo vé bom va cac bd phan khac ctia hé théng khéi qua
&p. Uré du hoi vé két chira théng qua dudng tran. Hé théng bom duoc két ndi vai bo diéu khién
SCR théng qua hop két néi cé cac cong tac an toan cho cac bom. Mot hé théng bom c6 thé dwoc
st dung cho nhiéu |6 phan (rng SCR.

3.2.3. Thiét bj dinh lwong uré

Thiét bi dinh lvgng xac dinh chinh xac ty 1& lwgng uré can cho hé théng phun. Lwu lugng uré
dwoc dieu chinh phu hop bang van dieu khién tw dong. B6 phan dinh lwong ciing cung cap khong
khi cho thiét bi théi mudi. Mot 10 phan (rng SCR can lap mét thiét bi dinh lwgng gan vi tri phun uré,
vi du trong phong may.

3.2.4. Thiét bj chdra khéng khi

Thiét bj chira khong khi khi la noi dé cung cép khi nén cho hé théng SCR. Thiét bj nay phan
phdi khéng khi cho céc thiét bi dinh lwong. N6 bao gébm bé phan loc, cac bd diéu chinh ap suét va
bd truyén ap suét dau ra. N6 tich hop tinh nang dw phong dam bao viéc bdo dwéng cé thé duoc
thwe hién trén thiét bi trong qua trinh van hanh hé théng SCR. Ap suét dat trén thiét bi cip khi sé
xac dinh &p suat diu vao cla céc thiét bi dinh lwong va ap suét cla thiét bj théi mudi.

3.2.5. Thiét bj diéu khién

B diéu khién SCR la bd diéu khién chung cho toan bd hé théng SCR. M&i mo-dun duoc két
ndi v&i hé thdng diéu khién nay théng qua cac két ndi bus trworng hodc két ndi cirng. Trong hé théng
diéu khién, t4t ca chirc nang va viéc diéu khién déu dwoc tw dong xt ly va thuc hién tly thudc vao
trang thai hoat déng clia dong co' va hé théng SCR. Bao dong vé cac gia tri clia qua trinh va thong
tin trang thai hé théng dwoc gri qua bus trudng (Modbus TCP hodc Modbus RTU) dén hé théng tw
dong hoa tau. Néu hé thdng didu khién SCR khong dwoc ndi véi cac hé thdng tau théng qua lién két
Modbus Ethernet hodc ndi tiép thi bat budc phai co két ndi gitra cac thiét bi bao dong nhém ky thuat
sb va chi bao trang thai ctia SCR v6i hé thdng gidm sat, bao dong tau.

Viéc phun uré dya trén hoat dong ctia dong co. Bo diéu khién nhan dwoc tin hiéu toc do va
tai clia dong co’ sau doé diéu chinh lieu lwgng uré phu hgp. Khi tai dong co tang, lwgng uré cling tang
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Ién dé duy tri hiéu qua cla viéc khir NOx. Lugng uré c6 thé duoc kiém soat bang tin hiéu phan hoi
ttr cdm bién NOx tuy chon, may phan tich khi thai hodc may phan tich khi thai bén ngoai.

Cac may théi mudi duoc van hanh tw dong trong khoang thoi gian dinh san. Hé théng diéu
khién khéi dong théi mudi bang cach mé cac van dién tir trong cac dwdng khi nén. Trong qua trinh
thdi mudi, cac van thdi mudi lam viéc theo thir tw dé 1am sach mot I&p xuc tac tai mot thoi diém.

M6t thiét bi dau cudi véi mét man hinh va cac phim duoc dat trong bang diéu khién phia trwéc
cula ta diéu khién dé theo doi cac gia tri clia qua trinh va dé kiém tra cac bao déng.

Néu hé thdng & ché dd chd, viéc bom uré sé tu dong duoc kich hoat khi déng co da khéi
dong va dat dwoc nhiét do 16 phan ng téi thiéu. Twong tw, khi ddng co dirng lai, lwong uré bi cat.
Hé thc"'>ng phun dwoc ty ddng lam sach uré sau khi dirng. Hé théng SCR sé tw déng dirng phun uré
khi bat dau rira tuabin. Viéc phun uré bj dirng theo chi sé cdm bién nhiét d6 diu vao SCR cho thay
nhiét do khi thai qua thap. Day 1a mét tinh ndng an toan dé tranh phun uré vao khi thai qua lanh. Vi
qua trinh rtra tuabin duwoc diéu khién béng tay nén kiém tra d& dam bao khong cé bao déng nao lién
quan dén 16i cdm bién diu vao SCR. Néu xuét hién 16i cdm bién, can phai dirng hé théng SCR
cwdng birc dé ngat lwong uré va thay thé cdm bién bij 16i.

Thanh phan hé théng:
1-B6 diéu khién
2-Thiét bi cdm bién NOXx (tuy
chon)
3-Van théi
4-Thiét bi khéng khi

5-Van diéu khién khi nén
6-Bom

7-Van diéu chinh lwong uré
8-Dong co

Hinh 8: Bé tri hé thdng diéu khién
3.2.6. Thiét bj hoa trén va phun uré

Chét khr dwoc phun vao dng dan khi thai va dwoc tron véi khi thai trudc khi vao 16 phan tng.
Viéc phun uré dwoc thwe hién nhe khi nén. Thiét bi phun dwoc gén trén 6ng dan khi thai, va né kéo
dai dén gitra dng dan. N6 bao gébm hai 6ng déng truc, dng bén trong dwoc st dung cho dung dich
uré va éng ngoai cho khi nén. Uré va khi nén dwoc tron déu trong mot voi phun & dau éng lam cho
dung dich uré di vao khi thai dwéi dang phun tot.

) MGt tam tron dwoc Iap bén trong 6ng dan khi thai & trivd'c voi phun uré. Bo trén tinh dam bao
rang chat kh&r dwoc trén déu véi khi thai. Sau‘khi phun chat khtr, q(‘)ng khi thai di qua moét éng tron
trong d6 uré chuyén thanh amoniac va tron déng nhéat trwdc khi dén 16 phan (rng véi cac chat xdc
tac.

Hinh 9: Thiét bj hoa trén va phun uré
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Thanh phan thiét bi:

1-Ong dan dén voi phun 4-Mat bich dau phun
2-Tam tron 5-DAu nbi véi Uré
3-Thiét bi chi bao hwéng tAm tron 6-Dau ndi v&i khong khi
4. Két luan

Hé thdng xt ly khi thai NOxstr dung cong nghé khir cé xuc tac chon loc 1a hé théng giam phat
thai NOx ra méi triedng hiéu qua cao, dap tng yéu cau cla Té chirc hang hai quéc té va co két ciu
nhd gon, don gian. Nhiéu hang san xuét Ién, khéng chi Wartsila, da nghién ctru, phan tich va &rng
dung SCR cho hé théng xtr Iy NOy. Diéu nay chirng t6 wu thé va pham vi ’ng dung phd bién ctia hé
thdng SCR trén tau thay khi y&u cau xt& ly khi thai trwéc khi thai ra mdi trwéng ngay cang khat khe.

Viéc tim hiéu, nghién clru d& ndm virng cAu tao, nguyén 1y hoat dong va co ché phan &ng
héa hoc dién ra trong hé théng mang tinh chat cap nhat cho giang vién, sinh vién trong qua trinh
giang day va hoc tap. Dong thoi, 1a ngudn tw liéu tham khéo cho cac quy trinh cong nghé lap dat hé
thdng va van hanh hé théng.

TAI LIEU THAM KHAO

[1] Wartsila Environment Product Guide “The NOy Emissions Control”, Wartsila Environment Product
Guide, 2017

[2] Wartsila Environment Product Guide “International Maritime Organisation”, Wartsila Environment
Product Guide, 2017
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TU DONG HOA CHI PHi THAP CHO CAC DOANH NGHIEP VU'A VA NHO & VIET NAM

TS. Ng6 Ngoc Lan
Khoa may tau bién, trirong Dai hoc Hang hai Viét Nam
Email: lannn.mtb@vimaru.edu.vn
Tém tit
Tw dong hoa la viéc tao ra va tng dung cong nghé dé giam sét va kiém soét viéc san xuét
va phan phéi céc sén pham va dich vu. Trong thé gi6i ngay nay, béat ky nganh céng nghiép
nao tén tai trong thi trvong canh tranh, déu phai tw dong héa. Tw dong héa doi hdéi dau tuw
von rét Ién d&n dén phai san xuéat hang loat véi sé lwong I6n dé thu héi vén nhanh. Do do,
cac nganh céng nghiép quy mé Iém cé thé du khé ndng dé Iwa chon tw déng héa, trong khi
céc nganh céng nghiép quy mé vira va nhd rét khoé trién khai tw déng héa. Tw déng héa chi
phi thdp (TPHCPT) la mot gidi phép déc biét cho cac nganh coéng nghiép quy mé vira va
nhé. TPHCPT sé thay thé hodc hoan cai cac méy théng thudong bang CNC, VMC, SPM, v.v.,
Xt ly vat liu tha céng bang bang tai, AGV, va nhiéu thtr khac. Trong bai bao céc khai niém
co ban vé TDHCPT sé duoc gidi thiéu ciing nhw khd ndng &p dung cho céc doanh nghiép
vira va nhd & Viét nam
Tor khéa: Tw déng héa chi phi thap, doanh nghiép vira va nhé,
Abstract
Automation is the creation and application of technologies to monitor and control the
production and distribution of products and services. In today's world, any industry that exists
in a competitive market, must be automated. Automation requires huge capital investment,
resulting in mass production in order to recover capital quickly. Therefore, large-scale
industries can afford to choose automation options, while small and medium-sized industries
are difficult to apply automation. Low cost automation (LCA) is a special solution for small
and medium-sized industries. The LCA will replace or convert conventional machines with
CNC, VMC, SPM, etc., manually handling materials with conveyors, AGVs, and more. In the
paper, basic concepts of CLC will be introduced as well as the applicability to small and
medium-sized enterprises in Vietnam.
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5. Datvan dé

Tw déng hoa la mét tap hop cac cong nghé dan dén sy hoat dong clia may moc va hé théng
ma khoéng can sy can thiép dang ké cta con nguoi dé dat dwoc ndng suat va chat lwong vuwot troi
so v&i van hanh tha céng. Uu diém cla tw dong héa la khdéng phai ban cai nhuwng cac nganh céng
nghiép quy mé vira va nhd khong thé ap dung né chu yéu la do han ché vé tiém lwc tai chinh. Tw
dong hoéa chi phi thap (TDHCPT) Ia mét gidi phap cho cac nganh cong nghiép quy mé vira va nhd.
Nhiéu may méc, db ga, dd dac, hé thdng xt ly vat liéu khac nhau c6 thé dwoc thiét ké, hoan cai va
phét trién m&i béng cach st dung khai niém TDHCPT. Tuy theo yéu cau thiét ké&, cac phu tung tir
cac may moc, thiét bj cti sé dwoc kiém tra va tai siv dung lai, dong thoi trang bi thém cac thiét bi mai.
Diéu nay c6 thé gidam chi phi san xuét xuong gan 50 -70%. Do d6, cac nganh céng nghiép quy mo
vira va nhé ciing c6 thé du kha ndng dé tw dong héa trong td chirc clia ho véi chi phi thap.

6. Khai niém vé tw dong héa chi phi thap

Tw déng héa chi phi thap 1a mét giadi phap cong nghé tao ra moét mirc dd tw déng hda voi
céc thiét bi, cong cu, phwong phap va con ngudi hién cé, st dung hau hét cac thiét bi tiéu chuén co6
san trén thi treong. N6 cho phép dau tw thap dé thdi gian hoan vén ngén, thuong 1 tiy vai tudn dén
dwdi mot nam.

6.1. Uu diém ciia ty ddng héa chi phi thip

e Viéc ap dung TDHCPT khéng can nhiéu tién dau tw. Trong khi cac thiét bi tw dong hda tién
tién thwong rat dat tién dan dén thoi gian hoan vén dai, TDHCPT dwoc xay dwng xung
quanh céc tai nguyén hién cé (may maéc, con ngudi). Do dd, cac khoan dau tw can thiét thap
hon va thdi gian hoan vén ngan

e Né&ng suét lao dong cai thién nhe s& dung TDHCPT

e Tw déng hoa hién dai rat tbn kém nén can doanh thu da Ién dé c6 hiéu quéa chi phi. San
lwong va doanh thu nhd, dién hinh cia cac doanh nghiép quy mé vira va nhé 1a mot dac
trwng clia cac doanh nghiép nay, cling co thé tw dong hoa dwoc nhd TDHCPT

e Gia nguyén liéu va nhan cong da tang déu dan; Diéu nay doi hdi phai st dung nguyén liéu
va nhan cong tiét kiem hon dong thoi gidm thiéu san pham bij 16i. TDHCPT cé thé gidp gidm
bt sy lang phi nay

e Nhirng nguwdi hién dang tham gia vao cac hoat dong san xuét cla doanh nghiép duoc
khuyén khich tham gia phét trién hé théng TDHCPT, cac k§ ndng bd sung can thiét cho hoat
doéng bao tri va stra chiva cling dwoc phat trién. Diéu nay lam gidm chi phi va théi gian dirng
san xuat. Do do, tinh than 1am viéc nhém, sw hai long va long ty trong clia cong nhan dwoc
cai thién

e Khithiét 1ap cac hé théng TDHCPT lién quan dén cach tiép can tirng buéc, rii ro clia dau
tw rat thap (gan nhw khong cé). Rui ro cuc I&n thuong lién quan dén dau tw 16n hodc lva
chon mét cong nghé khéng phu hop, hodc dw doan sai tiém nang cla thi truéng

e RAét than thién vdi nguoi st dung. Ban than ho 1a nhitng ngwdi dang st dung thiét bi, ho
quen va ndm rdé dugc wu nhwoc diém cda né. Hon thé nira chinh ban than ho 1a nhirng
ngudi phat trién TDHCPT nén chi phi dao tao rat thdp gan nhw bang khéng.

6.2. Han ché cla tw ddng hda chi phi thap

e Khi dau tw mot may hay mot hé théng tw déng hién dai ban sén, thdi gian can dé phat trién,
khdc phuc sw cb va hoan céi c6 thé duoc loai bd. Nguoc lai, cac hé thdng TDHCPT duwoc
xay dyng don chiéc va ca biét (thwong co tinh ndi bd) nén can nhiéu thoi gian hon dé phat
trién.

e Mét sb cong nghé nhw Computer Numerical Control (CNC) chang han can rét it thoi gian
khi mudn thay ddi tlr ban vé, thiét ké nay sang ban vé khac, vi cac thao tac dé da dwoc xay
dwng sén trong chwong trinh. TDHCPT chd yéu dung ngudn nhan lwc sn cé do d6 mét
nhiéu thoi gian hon dé tim hiéu, dac biét 1a khi nhiéu sw thay déi két hop véi nhau.
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Tuy nhién, theo nhirng trai nghiém cua tac gia thi nhitng wu diém ctia TDHCPT vuot xa
nhi*ng han ché cla no.

7. Cac linh vire c6 thé ap dung tw dong héa chi phi thap
Bat ky mdt Iinh vwe san xuét nao ciing déu co thé Ia mét ing clv vién tiém ndng cho
TDHCPT. N6 rat hivu ich trong cac truéng hop ma cac hoat déng lién quan dén san xuat la cac
cobng doan, nguyén cong roi rac, khdng phan biét san pham la gi. Mét trong vé van cac linh vuc cé
thé ké ra & day la:
e Céc qua trinh rdi rac trong céng nghiép ché tao may nhw ga kep va cép phdi, gia cong, han,
tao hinh, do dac, |ap rap va déng goi...
e Céc nganh hoéa chat, dau mé, dwoc
e Céc nganh in &n, dan nhan va logistics
e Nganh néng nghiép c6 thé bao gdm cac nguyén coéng lam dat, gieo hat, thu hoach, nganh
ch&n nuéi nhw cho &n, vé sinh chudng trai, thu hoach san pham ...
e Céc codng doan cla nganh ché bién thwc phdm can dwoc thwe hién trong diéu kién vé sinh
hoan toan ciing cé thé dwoc thue hién dé dang théng qua céac hé théng TDHCPT

8. Phwong phap thyc hién

Iechanical

Systern Synthesis
Standardize,
sitnplifyy, male it
flezzible

Flectronic I Electrical I

‘ Estitnate The Cost

Y

Payhack Period and |

Cost Benefit Analysis

Systetn
Implementation
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Productiity
FProductivity Enbancement
Azgessment |_. suggestion

Phwong phdp téng thé trién khai TDHCPT

Trén hinh vé cho thay phwong phap tdng thé dwoc st dung dé phat trién hé théng TDHCPT.
Tuy nhién, diéu quan trong can lwu y la giai doan 1 va 2 (tong hop hé thong va dy toan chi phi) cia
giao thire phat trién la rat quan trong cho giai doan 3 (Trién khai hé thdng)

Trong c& ba giai doan phat trién, sw twong tac chat ché gitra nhirng ngudi lam viéc trong
nha may duwoc chon dé (rng dung TDHCPT va ngudi thiét ké hé théng TDHCPT 14 rat can thiét. That
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vay, thanh céng hay that bai ctia LCA, trong qua trinh thwe hién, bi anh hwéng rat nhiéu bdi sy ky
lwdng trong viéc chuan bi ba giai doan nay. Theo kinh nghiém cla tac gid, ngwdi da tham gia
TPHCPT trong gan hai mwoi ndm, dé thwe hién thanh cong, chuyén gia TDHCPT chon lwa mot giai
phap kha thi bang cach str dung cac céng nghé phu hop, trong khi chd y dén y dén hai yéu t6 rang
budc: dé béo tri va tinh kinh té tbng thé cla phwong phap nay. Thong thwong, cac phwong phap
phd bién trong k¥ thuat cong nghiép nhw LAy mau cong viéc (WS), Nghién ctru chuyén dong va thoi
gian xac dinh trwéc (PMTS), Phuo’ng phap phat trién cai tién (DBM), v.v., cling v&i cac nguyén téc
"Thiét ké dé tw dong héa" (DA) c6 thé rat hivu ich trong thuc hién.

9. Kétluan

Noi vé thoi dai cong nghiép 4.0, rat nhiéu cac chinh tri gia thwong rao gidng nhirng khai
niém rat cao siéu va triru twong. Xem ra nhirng khai niém do6 con qua xa la v&i dai da so cac doanh
nghiép dé hiéu ch chwa mudn néi dén ap dung va theo dudi ching. Vay mét doanh nghiép vira va
nhd can gi? Cau tra 16 don gian 1a ho can cé khach hang, can loi nhuan véi tiém lwc tai chinh han
hep trong khi phai canh tranh song phang v&i cac doanh nghiép Ién. Cudc chién diu khong can
strc nay da thay rd hoi két theo mot tw duy logic théng thwéng. Qua tréi nghiém ctia ban than toi ca
trong va ngoai nwéc, cac hé thdng TDHCPT da va dang dwoc st dung rong rai & nhiéu nuéc, ké ca
cac nwéc phat trién, bao gdm Nhat Ban, Han Quéc va cac nuwéc Dong Nam A khac nhw Théi Lan,
Malaysia, Indonesia.... N6 da duoc kiém chirng |a mot gidi phap hap dan nhéat dbi véi cac doanh
nghiép vira va nho. Khong phai la vién vong khi toi hy vong rang v&i TDHCPT sé gilp nhung doanh
nghiép vira va nho l&p day khodng cach rat I&n vé tiém lwc tai chinh. Thyc sy day cé thé la mot thé
vé hiém clia cac doanh nghiép nhd, trong cudc chién khoc liét hién nay.

Diéu nay dbi v&i Viét nam cang quan trong vi theo sb liéu théng k& maéi nhat nhat ndm

2017 s6 lwgng doanh nghiép vua va nhé chiém 98.41% [1] trai déu trén tat ca cac vung, mién va
céac Iinh vue khac nhau cla toan bo nén kinh t&. Néu nhw ching ta cé g|a| phap thuc day dwoc lwc
lwong san xuat nay phat trién thi day méi thue sw la dong lwec méi clia dat nwéce trong cong cudc hoi
nhap sau va réng hién nay.

TAI LIEU THAM KHAO
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CHAY KHOANG GIO QUET DONG CO DIESEL HAI KY
SCAVENGING FIRE OF TWO STROKE DIESEL ENGINE

ThS. Bui Quéc Tu
Khoa M4y tau bién — Trwong Pai hoc Hang hai
Tém tat
Viéc khai thac dong co chinh an toan, hiéu qua la nhiém vu quan trong cla sT quan may tau
bién. Tuy véy trong qua trinh khai thac c6 thé gap mét sé sw cb véi déng co chinh va mét
trong cac sy ¢o do la chay khoang gi6 quét cla dong co Diesel. Khi gép sw ¢b nay si quan
may c&n phai binh tinh va xt Ii dung cach
Abtract
Safety and effective operation of main propulsion engine is important duty of marine engineer.
However, during operational process there may be troubles happening with it and one of these
accidents is fire in scavenging box of two stroke Diesel engine. The engineer should be calm
and tackle such situation properly

Dé& dam chay xay ra thi phai ddm bao dd 3 yéu t6 1a 6 xy, ngudn nhiét va nhién liéu. O xy cé rat
nhiéu trong khoang gié quét, nhiét cé thé tir so' mi bi théi hodc co séat ctia hai bé mét kim loai con
nhién liéu c6 thé tlr ddu dét khong chay hét hodc dau nhon. Khi cd mét ddng thdi ctia 3 yéu to trén
thi dam chay phat sinh.
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Nguyén nhan chay khoang gi6 quét

Do khi chay bj théi tr trén budng dét xubng bén dwdi xuat phat tir xéc mang bi gdy, qua mon hodc
xéc mang bi ket trong ranh hodc so mi qua mai mon hoac bj 6 van. Ciling c6 thé do truc trac & viéc
bdi tron so mi xi lanh nhw thiéu ho&c thira dau boi tron so mi xi lanh

Do piston bi qua nhiét phat tan nhiét xudéng khu vuc phia dwéi, viéc nay gay ra do sy phun swong
kém hodc ap suét phun khoéng dam béo, géc phun sém khoéng ding cé thé muén qua, bi mét ap
suat nén, dong co bj qua tai, thiéu lam mat do nhiéu nguy&n nhan khac nhau.

Do phan ap cua khi chay Théng thwo’ng ap suét clia bén khoang gi6 quét luén I&n hon ap suét
cua ong gop khi xa khi clra quét va clra x& déu mé; nhung néu vi li do ndo dé lam ap suét cia bau
gop khi xa 1&6n hon ap suat khoang gi6 quét thi khi chay bi day nguoc lai khoang gi6 quét gay ra
chay Nguyen nhan nay gay ra c6 thé do téc ban trén dwong dng xa, trén ndi hoi kinh t&, ban &
ctra xa hodc tic ban trén tua bin khi x& nhw ban canh hwéng, canh tua bin. Hoéc ciing c6 thé do
ap suét gid tang ap thap qua do tc ban bén phia téng ap

Dw c6 mét cla dau dbt hodc didu nhon bén trong khoang gié quét do khiém khuyét & voi phun vi
du nhw chiéu dai chum tia phun xa qué lam cho nhién liéu dinh trén thanh so mi hodc dau nhon
dong trong hoang gi6 quét qua nhiéu do thira dau béi tron hodc tc dwong xa dau.

Biéu hién cta chay khoang gié quét

Co6 mot sb dau hiéu cla chay khoang gié quét ma nguoi s quan di ca can hét sire lvu y d6 13
Vong quay cua dong co chinh giam;

Nhiét dé khoang gi6é quét tang lén;

Tua bin hoat ddong khéng &n dinh va cé thé bj ho;

Nhiét do khi xa cta xi lanh bj chay tang I&n cao bat thwong;

Nhiét d6 nwédc mat ra cla xi lanh bi chay tang Ién;

C6 khéi di ra néu mé van xa& bén canh méi xi lanh; ho&c nhin thay ngon Itra néu ctra trén bén héng
khoang gi6 quét la loai vat liéu nhin xuyén qua dwgc

Trong trweng hop bi chay to thi son bén ngoai khoang gié quét bi xém mau hodc phdng rop.

AV

o

B
Build up il i Ecevenge
of oll deposits — 4 ]
{unburnt fuel, Air 3 }:
cylinder oil, ) A t
crankcase oil) Ry gl . - | -
{ " 1
|'I Stuffing
/ Box
/
Diaphragm —

Plate

Hinh 1.1 Minh hoa chay khoang gi6 quét
Phan trng khi phat hién chay khoang gié quét
Khi dang di ca ma chay khoang gié quét xay ra thi tuy theo dam chay dé la nhé hay to ma nguwoi st
quan di ca c6 phwong an xt li phu horp.
Vé&i dam chay nhé
Théng bao cho budng lai dé& giam vong quay dong co';
Cét nhién liéu cla xi lanh bj chay;
T&ng dau bdi tron so mi cGa xi lanh bi chay. Tuy nhién néu viéc tang dau bdi tron cla xi lanh bj
chay lai lam cho dam chay to 1én thi khéng tang nira;
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Duy tri lam mat cho xi lanh bi chay;

DPong tat ca cac van xa diu cla xi lanh d6 dé dé phong tia Itra (hinh 1.2);

Khéng dwoc dirng canh van an toan khoang gié quét hodc van an toan cac te d& dé phong nd;
Theo dai nhiét do khi quét va nhiét d khi x& dé khang dinh dam chay tw tat. Sau khi da xac nhan
dam chay da tat roi thi tiv tir ting vong quay déng co' va dé phong s chay lai.

V¢&i dam chay I1én

Néu dam chay khong tét va lan ra toan bd khoang gié quét thi:

Théng bao cho bubng lai va dirng déng co;

T4t bom cip dau dét;

M& biét xa, vao may via va via may dé dé phong dong co bi ket;

Bit phin loc gi6 cla tua bin tang ap khong cho tiép thém khong khi;

Dap chay bang hé thong chiva chay cé dinh nhw hé théng dung CO2 ho&c diing hoi nwéc tiy theo
bd tri s&n cua tirng tau;

Van duy tri lam mat va boi tron ddng co’ dé lam ngudi déng co;

Sau khi xac nhan dam chay da dwoc dap tat va khoang gié quét da nguoi thi di tién hanh théng gié
céan than sau d6 di vao kiém tra tinh trang bén trong cGia dong co

1
=@ B 3 FE & # AF
:{ Normally open. To be closed
By, AV in case of flfe in the
i r:[n E E n E n EF' scavenge air box.
DHIIIIl \|||
10 mm orifice
. a
Sludge tank Drain tank
for heavy oil
centrifuges
“'"l J

T

Ncrlma\ly cllosed.‘ Tank to be emptied
Hinh 1.2 Hé théng xa d4u cta khoang gié quét

Kiém tra sau khi chay khoang gié quét
Chay lon khoang gi6 quét co thé gay ra bién dang va co thé lam mét déng tam cla so' mi, piston;
do vay dé kiém tra can via may va xem dau vét cha xwédc hoac ket gitra xéc mang va so mi, can
piston va bd lam kin khéng; bd dan hwéng can piston.
Kiém tra van an toan cla khoang gié quét;
Kiém tra hop lam kin can piston nén dwoc kiém tra vi né c6 thé bi &nh huédng do bi qua nhiét;
Kiém tra xiét lai bu 16ng dngke

DPé phong chay khoang gi6 quét

Phong bao gid cling tét hon chéng do vay dé& dé phong chay khoang gié quét thi can thyc hién
mot s6 cong viéc sau:

Thuwong xuyén vé sinh khoang g|o quét va dwdng xa cla khoang gi6 quét; Hang ngay sT quan di
ca phal kiém tra dwong x& dau cha khoang gio quet c6 bi tac hay khéng bang cach so tay vao éng.
Néu &ng bi tdc thi phai nhanh chéng vé sinh ké ca khi déng co dang chay.

Tranh dau bdi tron so mi thiva nhiéu;

Tinh trang ki thuat clia nhém pit téng xi lanh la rat quan trong do vay dinh ki phai kiém tra bao
duéng va thay méi xéc mang, so mi xi lanh néu dé mai mon qua gi¢i han cho phép;

Tinh trang ki thuat cGa b6 Iam kin can pit todng phai tot dé tranh dau nhdn xam nhap vao khoang
gié quét;

Binh ki kiém tra va bao dwdng voi phun, bom cao ap, kiém tra géc phun sém;
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6. Giam strc can trén dwdng nap va phan ap trén dwdng xa nhw vé sinh phin loc gio, sinh han gio,
may nén..; Vé phia dwdng xa thi dinh ki vé sinh tua bin khi xa, n6i hoi kinh té nhw thoi mudi hang
ngay.

7. Tranh khai thac qua tai dong co trong thoi gian dai.

Ket luan

Nhw vay cé rat nhidu nguyén nhan gay ra chay khoang gié quét ma trong d6 nguyén nhan
chinh do bao duong van hanh khong dung cach. Do do sT quan may trén moi tau can tuan tha quy
trinh bao dwéng ciia nha ché tao va ké hoach bao quan bao dwéng clia cong ty, kip thdi béo cao
tinh trang ki thuat dé& cong ty cung phdi hop gidi quyét. Tuy vay néu trong qua trinh di ca ma chay
khoang gié quét xay ra thi can phai binh tinh phan doan va giai quyét tinh huéng nhw nhirng
hwéng dan & trén, tranh sw cd lon xay ra v&i con tau va hé dong lwc
TAI LIEU THAM KHAO

[1] Every thinks you ever wanted to know about fire in scavenging box — marine insight;

[2] Scavenging fire and the effects of scavenging fire — marinediesel.inform;

[3] Causes, effects, Prevention and Action of Scavenging Fire — Marineengineeringolne.com;
[4] Service Letter SL2019-671/JAP, Man Energy Solution;

[5] How to avoid scavenging fire — internal combustion engine. Machinery Spaces. com;

[6] Operation of Man B&W two stroke Engine.

GIOI THIEU HE THONG LAM SACH KHi XA CUA PONG CO DIESEL TAU THUY
INTRODUCE EXHAUST GAS CLEANING SYSTEM OF MARINE DIESEL ( SCRUBBER)

. Ths.MTr. Hoang Van Thuay
] Bé mén Khai thdc may tau bién — Khoa Mdy tau bién — Dai hoc Hang hai
Tom tat: Bai bao gioi thiéu vé hé thong lam sach khi x4 thai ra cda cac dong co diesel dwéi tau thay
nham giam thiéu néng dd Sox trwde khi xa ra méi trirong
Abstract: The article introduces about exhaust gas cleaning system of main engine and generator
engine to reducing percentage of Sox discharge out environment.
. Muc dich cla viéc trang bi hé théng lam sach khi xa.

1. Nhuw chang ta biét, theo quy dinh ctia IMO, tir thang 1 ndm 2020 tat ca cac tau thly trén thé
gi¢i bat budc phai chuyén sang s dung loai nhién liéu ma néng dé lwu huynh khéng duoc
vuot qué 0.5% khi hoat ddng trén cac vung bién khéng han ché va 0.1% Iwu huynh trong
céac vung han ché nham han ché téi da lwong khi xa véi ndng dé Sox ra madi trwéng. Do vay
v&i yéu cau khét khe nay thi tt ca cac tau ma dang hoat ddng chwa dap &ng dwoc cac yéu
cau cla IMO nhuw trén sé phai chuyén sang st dung cac loai nhién liéu sao cho phu hop,
viéc nay sé anh hwéng truc tiép dén kinh doanh cla con tau vi loai nhién liéu cé ndng do
lwu huynh thap dat dd hon nhiéu loai nhién liéu c6 néng dé cao dang s& dung nhw trwéc
day.

2. Vay dé dap rng duwoc yéu cau cia IMO va van s dung dwoc nhién liéu cé ndng do sulfur
cao nhw ¢ ( nhd hon 3.5%) nham gidm chi phi st dung nhién liéu c6 ndng do sulfur thap
bét budc cac chi tau phai trang bi, hoan cai thiét bi sao cho lwong khi xa cla cac dong co
thai ra moi tredng ddm bao cac yéu cau cta IMO va dang kiém. Mot trong céc thiét bj dé 1a
thiét bi hay hé théng lam sach khi xa- Exhaust Gas Cleaning System- EGCS hay con goi la
SCRUBBER.

Il. Nguyén ly lam viéc cta hé théng lam sach khi xa.
1. Hé théng dwoc thiét ké hoat dong trong ving SECA (Sulfur Emission Control Areas) theo
quy dinh cla phu luc VI cia MARPOL Protocol. Theo d6 khi hoat dong trong viung SECA
phai ddm bao yéu cau khi x& SOx thai ra twong dwong 0.1% Sulfur hay ty I& SO2/C0O2= 4.3
theo MEPC.259(68). Con khi hoat ddng ngoai ving SECA néng khi xa Sox thai ra twong
dwong 0.5% sulfur hay ty 16 SO2/CO2=21.7
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2. Thiét bi Scrubber nay dwoc thiét ké va ché tao béi hang Wartsila, va lap dat trén tau cé trong
tai DW 26 van tan, may chinh c6 céng suét 21910 Kw, 3 may dén méi may coéng suéat 880
Kw ty déng hoan toan khi ra vao tai.
3. Khi may chinh va cac may den hoat dong lvong khi xa phat ra sé dwoc dwgc gom lai va di
qua hé thdéng xt ly. Tai day khi x& dwoc xt ly bang cach phun nwéc bién dé giam thiéu
lwong Sox trwde khi thai ra méi trwdng
4. So dd nguyén ly hoat ddng cuia hé thdng nhu so d6 duéi day.
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Hinh 1: So' dé nguyén ly hoat déng cta hé thbng EGCS 1
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Hinh 2: So' dé nguyén ly hoat déng ctia hé théng EGCS 2

Cac thiét, bi chinh cla hé théng EGCS
1. Thiét bjlam sach, xt ly khi xa, gidam Sox

Thiét bi nay bao gdm éng gép khi xa tr may chinh va cac may dén di qua hai 6ng Venturi
s6 1 va sb 2. Tai day khi xa dwoc phun nwéc bién x&r Iy 1an mét nham gidm nhiét d6 va
ap suét rdi sau d6 di vao thiét bi lam sach lan 2. Tai thiét bi nay khi xa dwoc di qua 3
tang phun nwéc bién sau dé thai ra ngoai thai ra méi triedng. Khi thai ra mdi trwong thi
nhiét d6 khi xa dwoc gidam xubéng gan nhw bang nhiét dd nwéc bién va ndng dd Sox hay
ty 1&6 SO2/CO2 theo dlng yéu cau.

2. He théng bypass dampers- van 3 nga cho khi xa vao hé thiét bj Scrubber hay cho ra ngoai
mdi treong.

Céc damper dwoc lap dat trén dwong 6ng xa clia may chinh va cadc may dén co tac
dung nhw van 3 nga va dwgc dieéu khién dong mé bang khi nén. Khi EGCS hoat dong
& ché do6 tw dong thi cac van nay ty dong dwgc chuyén doi tw dong.

3. Hé thdng bom nwéc bién, dwdng 6ng, voi phun

4.

Hé théng bom nwéc bién dwoc cung cép béi 3 bom ly tam, khi hoat déng thi thwdng cé
2 bom, con 1 bom dé dy trér. Lwu lwgng cac bom nay dwoc tw dong thay déi bang cach
thay 60| vong quay sao cho lwvgng nuwéc phun vao Scrubber dé& néng d6 SOx thai ra
ngoai ndm trong gIO’I han cho phép. Tin hiéu dé thay ddi vong quay nhadm thay di lwu
lwong duwoc lay tir cdm bién néng dd SOx. Nong dd Sox thi phu thudc vao néng luvong
khi xa thoat ra, ttrc phuc thudc vao tai clia cac dong co.

Hé théng cam bién, x& ly nwéc bién - Water monitoring

Hé thdng nay dwoc lap dat trén duwdng ra cia bom nuwéc bién trudc khi vao hé thdng
Scrubber va trén dwéong ra sau khi di qua Scrubber dé lam sach cho khi xa truwéc khi xa
ra bién. Hé théng nay bao gébm cac phin loc, thiét bi cdm bién ndng dd6 PH, PAHSs, nhiét
dd nwéc bién, dd ban cta nwédc bién (Turbidity). Cac théng sb nay duwgc cac cadm bién
do dac duy tri trong gi¢i hanh cho phép, dac biét thong s6 PH, PAHs trwdc khi thai ra
ngoai duwoc kiém soat rat nghiém ngat sao cho nwdc blen xa ra ngoai khong mang tinh
axit cé hai cho méi trwong. Néu mot trong cac thong sb nay nam ngoai gi¢i han thi hé
thong sé bao déng va cé thé dirng hé théng.

5. Hé thdng gi6 diéu khién
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10.

11.

12.

Hé thdng gi6é diéu khién c6 nhiém vu dé diéu khién déng mé cac damper va lam sach
cac cau cin cla khi xa bam quang cac damper, gitr cho cac damper hoat dong tét khéng
bi ket

Hé théng guat gi6 lam kin-Sealing Air
Hé thdng nay bao gdbm mét quat gié c6 cdng suét twong ddi I&n ludn tuc truc, cap gié
dé 1am kin cho phia khi khéng lam viéc cGa cac damper tranh hién twong khi x& do lot
qua scubber va thai truc tiép ra méi trudng.

Thiét bi cdm bién va x ly khi xa.
Bao gém céc thiét bj cdm bién va x& ly néng d6 khi xa, ap suat nwéc phun, nhiét do khi
xa vaora...

Hé théng hoi
Hé thdng nay bao gébm 6n phun hoi lay hoi tir ndi hoi trén tau, much dich dé vé sinh,
lam sach scrubber khéi déng cau cén, duy tri trang thai hoat dong tét khong bi tic. hé
thdng nay hoat dong khi scruuber dirng.

Hé thdng dinh vi
Hé thdng nay dwoc ndi trugc tiép véi hé thdng dinh vi clia tau, nhdm ludn duy tri xac
dinh su hoat déng cla tau dang nam trong vuing nao, trong ving SECA hay ngoai viing
nay.

Hé théng ghi nhat ky.
Hé thdng nay bao gdm mét man hinh cam bién dwoc ndi véi hé thdng diéu khién chwong
trinh, ghi lai thoi gian, toa do, cac théng s hoat dong ctia hé théng. Cac théng sé nay
c6 thé duoc xuét ra dwoi dang dd thj va file PDF qua USB dé ngwoi khai thac theo dai,
X ly.

Hé thdng diéu khién
Hé théng nay bao gdm hai man hinh cdm (rng ndi v&i hé théng diéu khién dung dé khéi
dong, dirng, kiém tra cac théng sé hay thay ddi cac thong sb...hoat ddng cutia hé thdng.
Mét man hinh dwoc dat trong budng diéu khién bubng may, mét man hinh dat ngoai
budng may.

Thiét bi lam lanh
GOm mét didu hda nham lam mét cho cac vi mach bang dién ma dwoc 1ap d&t bén trong
khu vuwe scrubber.

Khai thac, van hanh hé thdng.

1.

Khéi dong hé théng: hé théng dwoc khéi dong hoan toan t» man hinh diéu khién cam
trng

65118: 30

ACCESS LEVEL 'SCREEN
. WARTSILA MOSS - EXHAUSTGAS CLEANING SYSTEM s e ConmenD ot
f 3
- -
PROJECT NAME: NSU
WARTSILA ORDER NUMBER: SP@3634
Vijeo Designer Version: 6.2.8:12
HMI Proje ame i SPO3634_Reuv@_0@
Unity Pro Version: 13.00
PLC Projectname: SPO3E34-REVEQ
For any service requests or technical assistance,
please contact: egc-service@wartsila.com
\ w
SEALING svsTEN ALARN
START PAGE SEAUATER SCRUBBER | AIR ‘ DAMPERS | PROCESS | SETTINGS ‘ ALARMS | LOG | ESC.

Figure 4-1: HMI Opening Screen
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Du6i thanh Taskba ctia ma hinh diéu khién bao gébm c6 10 menu nhw hinh 4.1. M&i menu
mé ra sé& c6 mot man hinh thé hién chirc nang, théng sé cla chung sé duoc trinh bay
duwdi day.
1) Menu START PAGE:

Tai menu nay co6 6 vung nhuw trén hinh 4.5.

< START PAGE ACCESS LEVEL SCREEN 28112151
WARTSILA ADHIN +MCP TN COMHAND 82/87/2819
1 AREN
SECA
SCRUBBER
RUNNING IN COMFLIANCE 5
Pr—
COMHONALARM
WON CRITICAL
= il A CRITICAL
b/
€
L" L& L& 6
FROH 1S
AT PORT
7 R AT SEA
2 MAIN ENGINE AUX ENGINE 1 AUX ENGINE 2 AUX ENGINE 3 HANEUMRING
[ STORPED | [ STOPFED I STORPED I STOPFED. |
I 02 | 87 | CE I B3
\
3 SCRUBBING \
START | | START | START |
STANDEY | STANDBY | STANDEY | STANDEY
START PAGE I SERVATER SCRUBBER e ‘ DAMPERS | PROCESS | S IATR ALARNS. | s | EsC |

Figure 4-5: Start page

a) Vung 1: Chibao scubber hoat dong binh thwdng(Running in compliance) hoac
khoéng binh thuwdng( not incompliance) tirc cdé mot hay vai thdong s6 nam ngoai
gia tri cho phép

b) Vung 2: La vung chi bao phu tai dang khai thac ca may chinh va cac may déen

c) Vung 3: la vung dé khéi dong hay dirng scrubber cho cac déng co diesel. Méi
dong co c6 3 menu:

> Start: d& khéi ddong manual scrubber, tirc khi cham nat nay, hé théng
s& EGCS sé khéi dong cac bom chuy&n damper vé vj tri cho khi xa vao
scrubber va dwa hé théng vao hoat déng

> Standby: khi cham nat nay dé chuyén hé théng scrubber sang ché do
tw dong, tire 1a khi cé tin hiéu khéi dong dong co diesel thi hé thdng sé
tw déng khéi dong cac bom, cling nhw cac damper vé vij tri cho khi xa
vao scrubber va cac thiét bi cdm bién vao hoat déng.

> Stop: Khi cham nat nay sé dirng hé thdng scrubber cia ddng co' nao
do, dong thoi didu khién damper vé vi tri xa ra méi trwéong. Trong
trwong hop dé & ché do standby thi khi dirng déng co, scrubber sé
duoc dwa vé ché do tw déng cho 1an khéi dong tiép theo.

d) Vung 4: 1a vung chi bdo hé théng dang hoat dong trong ving SECA hay ngoai
vung SECA, tin hiéu chi bao dwoc 14y tir GPS.

e) Vung 5: 1a vung chi bdo c6 cac théng sb bao dong la Non Crictical hay Critical.
Khi c6 bao dcf)ng sé hién thi mau d8. Néu bao Non- Crictical c6 nghia la cé vai
théng sbé cda hé théng nam ngoai gia tri cho phép nhung hé thdng van duy tri
hoat dong dwoc, nhuwng khong khan c&p. Con néu bao Critical thi c6 nghla la
co cac thong so nam ngaoi gi¢i han nhwng nguy hiém yéu cau phai xt ly, giai
quyét ngay, néu khong kip thdi hé théng sé dirng sw cb.
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f) Vung 6: 1a vang chi thi hé théng hay tau dang hoat déng trong cang, trén bién
hay chay ludng, tin hiéu nay ciing lay ttr hé thong IAS,
2) Menu : SEAWATER
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[ e [ s
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Figure 4-6: Sea water page
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Figure 4-7: Secondary panel for scrubbing water monitoring unit

Menu nay sé chi bao hoat déng ctia cac bom, scrubber va cac van. Khi hé théng hoat
chung sé chi thi mau xanh. Ciing trén menu nay, sé hién thi cac théng sé cta water
monitoring vao va ra khai scrubber va gia tri chénh léch. Cac thong sb bao gém: PH,
PAH, TEMP, TURBIDITY. Néu cac thong sb nay vwot qua gia tri cho phép, hé thong
s& glri bao dong, khi d6 can phai xi ly, bdo duwéng cac phin loc, hay cac dau cadm
bién.

3) Menu: SCRUBBER, hinh 4.8
Menu nay hién thi cac théng sé co ban cla hé théng va chi thj hoat ddng cla cac dong
co. Céc théng sé bao gdm ap suét, nhiét dd nwédc bién vao va lwu lwong cta bom, ty
lé SO2/C02, &p suét, nhiét dd khi xa ra khdi scrubber, cling nhw ap suét nhiét dé khi
Xa tr ddng co trwde khi vao va ra khéi dng venturi 1 va 2.
Ngoai ra con c6 menu SETTING dé thay déi gia tri cac thong sb khi can hiéu chinh.
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Figure 4-8: Scrubber page
— SETTINGS
SCRUBBER STOPSEGUENCE
HASH TIME 45 s
STEAM TIME 45 s
FLUSH TIME SHORT 50 s
FLUSH TIME LONG [300 s
SH PUMP STOP TO SPRAY VALVE CLOSE DELAY |39 s

ESC

Figure 4-9 Secondary panel for scrubber settings

4) Menu SEALING AIR

Menu nay chi bao hoat dong ctia quat gié ¢é cung cép gié lam kin cho cac damper.
Ngoai ra con cé thém menu SETTING dé cai dat, thay doi thdng so cla quat gio.
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5) Menu: DAMPER

Menu nay chi bao vi tri ciia cac damper dang ¢ trang thai cho khi xa di vao scrubber hay
xa thang ra méi trwdng., dong thdi chi bao vi tri cac van gio cho sealing air. Ngoai ra
con cé thém cac menu con Setting dé thay ddi thong sb va Clean dé vé sinh damper khi

Figure 4-10: Sealing Air page

thay déi trang déng hay mé vao scrubber.

6) Menu PROCESS.

Menu nay hién thj qua trinh hoat déng ctia toan hé théng mét cach twong dbi day du.

Tai day con c6 thém nhiéu menu con dé kiém tra , thay doi cac thong s6, cac trang thai
lam viéc cua cac thiét bi. Khi khai thac thwdng hay dé menu nay dé theo doi.
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Figure 4-11; Main Engine damper page
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7) Menu: SYSTEM SETTING.

Menu nay st dung khi can thay ddi cac gia tri théng sb hay qua trinh, thir tw hoat dong

nao do.

- Vung 1: 1a menu con dé cai dat chon diéu khién man hinh trong budng diéu khién
trung tdm hay ngoai budng may, cai d&t man hinh, va mrc cho phép thay déi.

- Vung 2 : la menu con dé cai dat, thay cac thdng sé cta bom, quat, cac van...

- Vung3: la menu con dé thay déi thong sb ap suét nwéc bién.
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Figure 4-13: System settings page

8) Menu ALARM, ALARM LOG.
Céac menu nay sé hién thj cac théng sé bi bao déng, dia chi, thoi gian, ddng thoi ghi lai cac
hoat dong reset hay chwa xt ly dworc.
Két luan.
Bai bao nham muc dich gidi thiéu hé théng x& ly khi x& dwoc I&p d&t phd bién trén cac tau hién
nay. Hy vong sé lam tai liéu tham khao cho cac sy quan, sinh vién nganh may khai thac tau bién.
TAI LIEU THAM KHAO
[1]. MITSUI MAN B&W ME & ME-GI ENGINES TRAINING COURSES
[2]. MITSUI MAN B&W INSTRUCTION MANUAL.

DAC DIEM CUA VIEC LAM MAT DiNH PITTONG BANG NU'O'C NGOT TREN
PONG CO SULZER
THE FEATURE OF COOLING FOR PISTON CROWNS BY FRESH WATER ON
SULZER ENGINE

ThS. Nguyén Van Ba
Khoa Mdy tau bién, Pai hoc Hang hai Viét Nam
Tém tat:
Bai bao nay tap trung gi6i thiéu két céu ciia hé thbéng lam mét dinh pitténg st dung nuéc ngot,
c6 trang bi bom tuén hoan cta hang Sulzer. Bén canh dé, nhitng déc diém co ban va nhiing
lwru y trong qué trinh van hanh khai théc ciing duoc dé cép dbi véi kiéu loai lam mat nay. Viéc
str dung nuwéc ngot tudn hoan dé lam mat dinh pitténg la mét trong nhiing khéc biét co ban
cla hang Sulzer so véi céc hdng ché tao déng co Diesel khac hién nay trén thé gidi.
Tor khod: Két ciu, lam mat dinh pittdng, bom tudn hoan, déng co Diesel.
Abstract:
This article has mainly introduced about construction of fresh water cooling system of piston
crowns, with installing the circulating pump separately of Sulzer maker. Beside that, it
introduces the basic features and the notions in operating procedure about this cooling
method. The using circulating fresh water to cool the main engine piston crowns is one of the
basely differentiations of Sulzer maker with the other Diesel engine's maker in the world
nowadays.
Key words: construction, cooling of piston crowns, circulating pump, Diesel engine.

1. Gi&i thiéu hé théng lam mat dinh pittdng bang nwéc ngot:
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Hinh vé 1: So' dé hé théng lam mét pittong bang nwéc cho déng co’ Sulzer RND.

14

01 May chinh 09 Ong théng hoi

02 Bom nuwdc lam mat pittbng 10 Kinh nhin

03 Sinh han nwdc lam mat pittbng 11 Bdo dong mirc nuéce thap

04 Két héi nuée lam maét pitténg 12 Ong nuéc bd xung vao két
05 Két nuée ro ri 13 Puong cép hda chét vao két
06 Van tw dong diéu chinh nhiét d6 14 Ap ké bom cép nuwéc lam mét
07 Buong vao lam mét pitténg 15 Ap ké nwéc lam mat pittong

08 Buwong ra lam mat pitténg

Day 1a hé théng lam mat dinh pitténg clia dong co' chinh Sulzer RND st dung nwéc ngot tuan hoan
dua vao khong gian bén trong dinh pittdng bang dng 1dng, ciing giébng nhw véi dung dau béi tron hé
thdng. Kiéu loai lam mét nay dwoc ap dung rong rai cho cac dong co hang Sulzer. Két ciu cta hé
thdng bao gdm hai bom nwéc ngot tudn hoan dang pittdng, két chira nwéc ngot, sinh han trao dbi
nhiét... gibng nhw hé théng nwéc ngot lam mat somi va nap xilanh dong co. Méi bom tudn hoan cé
lwu lwong 66 m3/ gidr véi cong suét tiéu thu dinh mire 14 15 KW. Sinh han ctia hé théng nay ciing
giéng nhw sinh han dau bdi tron hay sinh han nwéc ngot binh thwdng khac, nuwéc ngot trao nhiét
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cho nuéc bién & hé théng nwoc bién lam mat chung. Tai day thiét bi trao dbi nhiét co nhiét lvong
xap xi 1285 kw/h, twong tng voi 3% tong nhiét lvong sinh ra clia nhién liéu, giup nhiét d dau vao
ttr 62°C xudng con 45°C & dau ra sinh han.

* Nguyén ly hoat déng cua hé théng:

Nwé&c ngot tir két chira dwge hat 1E€n béi bom pittdng (cé mét bom hoat ddng va mét bom dyw phong),
nuwéc dwoc cap téi sinh han trao dbi nhiét véi nwéc bién lam mat. Tai dau ra nhiét d6 nwéc dwoc
diéu chinh bang van ba nga ty dong diéu chinh dé duy tri nhiét d6 nwéc ra khéi sinh han khoang 45
- 48°C. Sau do nu¢c dugc cap vao dinh pittdng thdng qua mot ong Iong éng ldng ¢c6 dang hinh try
gdm hai éng Iong vao nhau, ong ngoai gan chat vai pittong va chuyén dong tinh tién cung pittdng
khi lam viéc, ong trong c6 dwdng kinh ngoai xap XI bang dwong kinh trong ctia 6ng ngoal dugc gan
cb dinh vé&i than déng co va dugc ndi voi duong ong cap cong chat Iong lam mat ctia hé théng. Mai
pittdng doéng co' ¢é hai 6ng Iong nhw vay: moét ong cap va mot bng hdi ctia cong chat 1dng [am mat.
Nwdc sau khi lam mat dwoc hdi vé két chira dé thwe hién cac chu trinh 1am mat tlep theo.

2. Dic diém va lwu y cua kiéu loai lam mat dinh pitténg bang nwéc:

Mét trong nhirng wu diém I&n nhéat ca kiéu loai lam mat dinh pittdng bang nuwéc ngot trye tiép
la kha nang lam mat tét hon rat nhiéu so v&i kiéu loai [am mat badng diu nhon. Véi lweng nhiét 1ay
ra tlr dinh pittdbng twong rng véi 3% tdng lwong nhiét sinh ra trong qua trinh dét chay nhién liéu, so
véi 1,3-1,5% tdng lwong nhiét dbi vai kiéu loai lam mat bang dau nhén hé théng nhw véi cac hang
Penstickle, Misubishi, Man B & W ... Kha néng trao déi nhiét clia nwéc Ién hon ctia dau béi tron do
nhiét dung riéng ctia nwéc gap doéi ctia dau nhon, nhiét dung riéng ctia nwéc la 4 trong khi d6 cia
dau béi tron la 2. Didu nay co6 nghia 1a véi mot lwong nwédc va dau nhw nhau dwoc lwu théng trong
mot thdi gian nhat dinh thi lweng nhiét nwéc hap thu dwoc tir dinh pittdng gap hai 14n ctia dau nhon
& cling mot diéu kién lam viéc. V&i khoang gia tdng nhiét do At = t2 - t1 clia nwéc lam mat l1ay & dinh
pitténg twong (rng v&i 14 -18°C, trong khi d6 dbi véi dau nhon sé chi & 8-10°C véi cing mét lwong
coéng chét lam mat trén mét dong co' cu thé.

Goi Q 1a lwong nhiét 14y ra ti pittdng & mot thoi diém da cho béat ky.

W 14 khéi lwong cong chét 1dng lam mat st dung trong thoi gian T. Ta c6 cong thirc chung
tinh nhiét lwong trao déi twong déi:

Q=TxWx (2 -t1) xR

(v&i R 1a nhiét dung riéng )

Néu cho tdng khéi lwong nuwéc Whese qua pittdng trong thdi gian T co hé sb 1a don vi:  Whuec
=10

Thi tdng nhiét lwong 14y ra tir dinh pittdng clia nwéc la:

Qnu’c'ic =Tx1,0x ( tz - tl) X Rnuoc

=Tx1l4x4 (Rnwdc =4)

Va twong tw, goi tdng lwong dadu Waau qua dinh pittdng cung théi gian T thi tdng lwong nhiét
lay ra tir dinh pitténg clia dau la:

Qdau =T X Waau X ( t2 - t1) X Raau

=T XWaaux10 x 2 ( Ratu = 2)
Néu nhiét lwong can lay ra tir dinh pittdng ctia dau lam mat va nuwéc 1am mat la bang nhau

v&i cung mét thoi gian T nhw nhau, tie la: Qnuec = Qaau
Hay T x14 x4 =T X Waau X 10 X 2
Suy ra:

Tx14x4 56
Wagy= ——————— = — = 28
Tx10x2 20
Tw két qua tinh toan trén ta thay rang: véi cung moét lwong nhiét can tai ra tir dinh pitténg trong
mot thdi gian nhét dinh, thi lweng diu lam mat can dwa vao tuan hoan trong dinh pittdng gép 2,8 lan
lwong nwdc can dua vao tuan hoan lam mat. Bdi vay, chi can mot Iwo’ng nwdc lam mat cé cung
nhiét 6 dau vao, cling thoi gian lam mat nhung co lwu lwong chi xap xi bang 1/3 lwgng dau nhon
ciing c6 thé lam mat twong (rng v&i lwgng nhiét tai ra nhw thé. biéu nay cho phép lam giam khi
lwong va kich thuéc cac thiét bi cing nhw la duong éng trong hé théng nwéc cap Clng tvong (rng
v&i viéc lam gidm di cac chi ph| ché tao, Iap dat va cong suét tiéu thu dién cta hé théng bom cép
nwéc tudn hoan so vai viéc st dung hé thong dung dau nhon tudn hoan lam mat dinh pittdng.
Tuy nhién, can phai lwu y trong qué trinh khai thac vé su do lot nwéc tir hé théng nwédc cép,
dinh pitténg khi ddng co' 4p dung phwong phap lam mat nay. Néu bj do lot & hé thdng, d&c biét 1a &
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cac dng I1dng thi nwdc sé roi xudng cacte va két diu bdi tron hé thdng. Hau qua Ia sé gay héng dau
bdi tron, anh hwdng nghiém trong t¢i ché dd lam viéc ctia ddng co va tudi tho cac chi tiét may. Mat
khac, do dinh pitténg phai chiu sw tac ddng ndng né ca vé co va nhiét, cac dodng lam kin khoang
nwéc lam mat tai dinh plttong dé bi hw héng , gay do lot nwéc lam mat ra phla ngoai pittong. Nwoc
do lot ra ngoai sé bj day nguoc lén phia budng dét trong khi pittdng chuyén déng, néu it thi cting
pha v& mang dau béi tron & mat gwong xilanh gay hw hong cum pittdng - xilanh déng co; con neu
lwgng do nhiéu s& bi gay hién twong thuy kich 1am gy v& céac chi tiét bubng dét, lam cong can
pittdng va thanh truyén, hdng bac 6 d& chinh va lam sai léch dd ddng tdm cuda truc khuyu déng co.
Do vay, viéc lam kin la mét trong nhitng khau quan trong nhat nhwng ciing 1a khau yéu nhét cla
kiéu loai 1am mat nay.

Khi khai thac dong co, nguoi van hanh phai dac biét quan tam dén tinh trang 1am viéc cla
cac bom, hé théng dwdng 6ng cling nhw thwdng xuyén kiém tra mirc nwdc trong két hdi. Néu murc
nwéc gidm nhanh so véi binh thwdng ddng nghia véi viec co sw do lot nwédc trong hé thdng céap
nwéc hodc tai dinh pittdng do hdéng doang lam kin.

Ngoai ra ciing giébng nhu viéc lam mat cac chi tiét bang nwéc néi chung, sau mét thdi gian sé
sinh ra hién twong déng cau trén bé mat tiép xic véi nwéc lam mat. Bdi vay, viéc trao ddi nhiét sé
bi giam dan di theo thoi gian (diéu nay khdng xay ra khi lam mat dinh pittdng dung dau béi tron hé
thdng). Vi thé, nguoi van hanh khai thac can phai tuan tha nghiém chinh qui trinh van hanh,, bao
duéng, stra chiva dé ra cGia nha ché tao dbi véi kiéu loai nay: thuwdéng xuyén xt ly nwéc bang hoa
chét theo chi dan; khi rat cum pittdng dé vé sinh hodc thay xécmang ciing can lwu y dén viéc thao
vé sinh bén trong khoang lam mat dinh, kiém tra d6 kin ctia dinh, néu can thay dodng méi ding
chiing loai. Biéu nay rat quan trong b&i né lam gidm di kha ndng xay ra sy cb do lot nwéc lam mat
dinh pitténg khi ddng co dang hoat dong, dong thdi lam gidm di thoi gian cling nhw chi phi stra chiva
cuc bd , gilp qua trinh khai thac an toan, tin cay va dat hiéu qua cao hon.

3. Két luan

Bang viéc ap dung mét hé thdng tuadn hoan nwdc ngot riéng biét d& lam mat cho dinh pitténg
dong co, hang Sulzer da tao nén mot sw khac biét co ban trong viéc thiét ké, ché tao dong co Diesel
ddi véi cac hang khac. Didu nay gitp cho cac sy quan van hanh khai thac dong co hiéu ré nhirng
d&c diém co ban va nhirng céng viéc ho can lam khi déng co ap dung kiéu loai 1am mat nay; gitp
ho tranh dwoc nhitng su c6 nghiém trong cé thé xay ra trong qua trinh khai thac.

TAI LIEU THAM KHAO

[1] Low speed Marine Diesel - John B. Woodward, Marabar, Floria 1998

[2] Marine Diesel Engine - David Burghardt, George D. Kingsley, New York 2004

[3] Lamb's questions & answers on the Marine Diesel Engine - Stanley G. Christensen, London
2003

S CO DO LOT TREN VAN DIEU KHIEN CUA DONG CO WARTSILA RT-FLEX
RAIL VALVE LEAKAGE ON WARTSILA RT-FLEX 50 ENGINE.

ThS. Pham Van Linh

Bé Khai thdc mdy tau bién - Khoa M&dy Tau Bién

Tom tat.

Trong nhitng ndm gén day, dong co diézel diéu khién dién tir cia hang Waértsild dong RT-flex
nga‘ay cang duoc st dung rong réi cho tau bién. Nhdm muc dich ndng cao tinh an toan, hiéu
qua hon trong qua trinh vén hanh, bdo dwdng va quan ly dong dong co trén, bai bao nay sé
phén tich nguyén nhan va dwa ra cach khéc phu sw c6 do lot & céc van diéu khién trén bo
diéu khién qué trinh phun nhién liéu (Injection Control Unit- ICU) va bé diéu khién déng mé
Xu-pap (Exhaust Valve Control Unit-EVCU) dwoc trang bj trén déng co RT-Flex cua hdng
Waértsila.
Abstract.
In recent years, Woartsild RT-flex series electronic control diesel engine are increasingly

applied to the ship. Rail valves installed on the Injection Control Units (ICU) and the Exhaust
Valve Control Units (EVCU) of Whértsild RT-flex engines. In order to make more safely and
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effectively to use, maintenance and management of the diesel engine, This paper describes
the causes and effects of O-rings that do not seal correctly on the rail valves. It also gives the
recommended actions to identify and prevent the problems and solutions.
Keywords -RT — flex engine; Rail valve leakage; O-ring on Rail valve.

1. Gidithiéu.

DPong co RT-Flex duwgc phat trién tir dong co diézel kiéu RTA cla hang Sulzer véi nhiéu bd
phan co khi bi loai bé va thay vao d6 la cac thiét bi dién ti va thuy lwc. Diém khac nhau can ban
gitra dong co diezel théng thudng va dong co RT-Flex la trong dong co kiéu méi truc cam khong
con dwoc st dung cho viéc truyén déng va dinh théi cho cac co cdu phun nhién liéu, déng mé xu-
pap va khéi dong dong co. Hay ching ta cé thé néi rang truc cam khéng con duoc st dung trong
dong co RT-Flex cho du la van con tdn tai hinh thtrc ctia cam nhwng Ia cho muc dich khac va hep
hon. V&i sw phat trién cla cong nghé vi mach dién t&, cac bd giam sat va diéu khién ngay cang
dwoc ap dung réng dai dwdi tau thay. Bo diéu khién qua trinh phun nhién liéu (ICU) va bd diéu khién
qua trinh déng m& xu-pap xa (EVCU) trén dong co RT-Flex la hai thiét bi rat quan trong, ching dwoc
diéu khién b&i cac van diéu khién dang van huéng dong 3/2 (3 ctra, 2 vi tri lam viéc, kich hoat béng
dién). Gitra ICU ciing nhw EVCU va céc van diéu khién dwoc l1ap dat cac O-ring dé lam kin, vi tri cla
cac O-ring nay dwoc thé hién trong hinh 1.

Hinh 1. Van diéu khién trén ICU va EVCU. 1-Valve assembly; 2-Valve body; 3-O-ring on valve body;
4-Connector; 5-Intermediate orifice plate; 6- O-ring on intermediate orifice plate; 7- Rail valve
assembly with intermediate orifice plate, o-ring and screws.

Néu céac O-ring lam kin bi hw hong hoac Iap dat khong dung sé gay ra do lot dau diéu khién, cac
phan tiép theo clia bai bao sé phan tich nguyén nhan, tac hai va dwa ra cac cach khac phuc sy co
nay.

2. Nguyén nhan.

Khi xay ra do lot trén cac van diéu khién thi ta c6 thé quan sat thay dau xuat hién trén gidc cam
dién cua van hoac t[én rr]ét sérg cla Ra;il Unit nhw trong hinh vé so 2.
Hién twong do lot dau diéu khién c6 thé do cac nguyén nhan sau: . .
- Cac o-ring lam kin khong dwoc lap day du trong qua trinh bao dwdng van diéu khién
- Céac O-ring khéng nam dung vi tri cGia né trong ranh trén than van do so suét trong qua
trinh bdo dwéng van diéu khién.
- Céc O-ring bi hw héng méat kha nang lam kin.
- Lwec siét cac bu-léng I&p rap gitra van diéu khién va ICU ciing nhw EVCU khéng du hodc
khong déu nhau.
- St dung loai bu-16ng 1&p rap gitra van diéu khién va ICU ciing nhw EVCU qua dai.
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Hinh 2. 1-d4u diéu khién do lot xuét hién trén gidc cdm cda van diéu khién; 2-ddu diéu khién do lot
xuat hién trén mat san cta Rail Unit.
3. Tac hai.

Do van diéu khién dugc dat ding nén khi xay ra do lot dau sé tich tu ngay cang nhiéu bén
ngoai giac cam dién sau dé sé do vao bén trong nhw trong hinh 3.

i [
.— :..

Hinh 3. D4u do lot vao bén trong gidc cdm dién cia van diéu khién.
Tiép theo dau trong gidc cdm sé chay doc theo dworng day dién dé téi cac dau dau néi trong hop
dién E95XX noi cé bo mach diéu khién FCM -20 nhw trong hinh 4 duéi day.

V& mat ly thuyét dau diéu khién khoéng cé tinh dan dién nén khéng gay ra hién twong ngan
mach trong bo mach diéu khién. Tuy nhién diu do lot sé& lam cho cac dau dau nébi dién bj ban lam
cho dién tré tang (gidm kha n&ng dan dién), diéu nay sé lam téng nhiét dd cla cac dau d4u ndi trong
hop dién E95XX dan dén gidm tudi tho clia bo mach diéu khién FCM-20. Trong trwdng hop x4u nhat
c6 thé lam cho bo mach bi 16i va anh hwéng téi qua trinh 1am viéc ctia dong co'.

Né6i san Khoa hoc Khoa May tau bién  Sé 38 - 04/2020 88



gﬂﬂnn =
ceecmmn -
Fﬂnnnnnuzzn‘

Hinh 4. D4u do Iot vao trong bo mach diéu khién FCM-20
4. Cach xt ly khi xay ra do lot tai van diéu khién.
a. Khi vi tri do lot ndm & gitpa van diéu khién va ICU/EVCU.
Néu ta quan séat thdy dau chi xuat hién trén khe hé gitra van diéu khién va ICU/EVCU con cac

phén khac clia van hoan toan kho thi trong triong hop nay can phai thay thé ba O-ring lam kin
cla van va siét cac bu-léng lap rap véi lwc bang 4ANm nhw trong hinh 5.

5 3 4 4/ 1
Hinh 5. 1&5- Van diéu khién; 2- Bu-Iéng; 3-O-ring; 4-ICU
b. Khi do lot bén trong van diéu khién.
Khi dau diéu khién chay ra t&r clra kiém tra trén than van, ddng théi dau chi xuét hién & bé

mat cGa chan gidc cdm dién nhw trong hinh 6, thi trong trwdéng hop nay can phai thay thé van diéu
khién.
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Hinh 6. 1-ICU; 2- Ong nhién liéu cao 4p; 3-Van diéu khién; 4- Vi tri do lot; 5-Bu-Iéng, 6-O-ring.
c. Quy trinh thay thé O-ring va van diéu khién.

1)
2)
3)
4)

5)
6)
7
8)
9)

Tt bom dau diéu khién.

Ngat ngudn dién diéu khién béng cau dao trong hop dién cdp ngudn-E85.

Théo gidc cdm dién trén van diéu khién.

Veé sinh sach toan bd cac gidc cdm, cac dau dau nbi ciing nhw day dan trong hop dién
E95XX, thay méi cac chi tiét nay néu can thiét.

Théo 4 bu-éng I&p rap (5-trong hinh 6).

Théo bé 3 O-ring lam kin (6).

Lau kho cac bé mat tiép xtc bang gié kho.

Tra m& lén cac O-ring mai.

bat cac O-ring vao dung vij tri cac ranh.

10) D4t van diéu khién (3) vao dang vi tri trén ICU/EVCU sau do siét 4 bu-léng I1&p rép (5)

déu nhau véi lwc siét 4ANm.

11) L&p lai cac gidc cdm dién cla van diéu khién.
12) Bat cau dao cap ngudn trong hop dién E85.

3.Két Luan.

Hién twong do dau trén van diéu khién cGa dong co Wartsila RT-flex rat hay xay ra va cach xi
ly kha dé dang néu dwoc phat hién sém. Diéu quan trong la cac sy quan khai thac van hanh dong
co phai thwong xuyén kiém tra trén cac bo diéu khién ICU/EVCU va trong hop chiva bo mach diéu
khién FCM-20, néu xuat hién dau do lot thi can phai x& Iy kip théi sém nhat cé thé dé khong gay
anh hwéng Ién t&i qua trinh lam viéc cta dong co'.
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