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TOm tdt: Pa sé cac cang va bai container ¢ Viét Nam hién nay sizdung cac cdu RTG (Rubber
Tired Gantry) chay bang déng co diesel dé xép dé container. Thiét bj nay hang nam tiéu thu mét
lieong 16n nhién lidu va thai ra méi trirong nhiéu chat thai (bao gom khi No,, CO,, chdt thdi léng va
ran), ddn dén chi phi van hanh caova 6 nhiém moi truong nghiémtrong tai khu vic cangva lan cdn.
Bai bao nay tap trung vao viéc xem xétkha nang chuyen déi cac cau RTG tur nguon nang lwong diesel
nguon dién ludi tai cac cang ¢ Viét Nam dé nham dat cac muc tiéu tiét Kiém chi phi nang leong, ting
cwong kha néng canh tranh kinh doanh va giam 6 nhiém méi truong.

Tirkhéa: RTG, céng truc, cang container, nguon may phat diesel, nguon dién hudi.

Chi sé phan logi:2.1

Abstract: The majority of container handling equipment in existing container terminals and
container yards at the ports of Vietnam consist of diesel - powered RTG cranes. Every year, this
equipment consumes vast amounts of fuel oil and produces tremendous exhaust emissions (Nox, CO2,
liquid and particulate matter), leading to heavy operating costs and causes serious environmental
pollution in nearby port areas. This paper consequently focuses on the conversion of RTGs from diesel
power to electric power grid at the ports of Vietnam, to lessen operating costs, strengthen business

competitiveness, and alleviate environmental pollution.
Keywords: RTG, gantry crane,container terminals, diesel-powered, electrical power grid.

Classification number: 2.1

1. Giéi thigu

Cong truc banh I6p RTG (Rubber Tyred
Gantry) A thiét bi chuyén ding xép d&
container tai bdi. Cac co cdu cdng tac cua
RTG thuong st dung cac hinh thic truyén
dong dien, thuy hrc hodc két hop. Ngudn
dong lyc [ tram phat dién diesel gan lién
trén cau, tram phat di dong nay duoc thiét ké
gon va dat trong mot thung Kin c6 vach céch
am, giam rung.

Hién nay c6 hon 200 cdu RTG ding
diesel hoat dong tai cac cang, bén, bai
container ¢ Viét Nam, tiéu thu mdi nim
khoang 30.000 tan dau diesel va thai ra moi
tredng khoang 6.000 tin CO2; 460 tan NOx,
va 12 tin chat thai rin (PM) [1]. Hon nita,
sau nhiéu nim hoat dong, cac bd phan cua hé
thdng dong lec va truyén dong phat sinh mai
mon, hu hong do ting khe ho lap ghép giira
cac chi tiét va tang sai léch vi tri giira céc

cum chi tiét. Cac hu hong s& lam cho cau lam
visc kém chit luong, ting ton hao co gidi,
dan dén chi phi nhién liéu, diu m& phu ting
thay t& ciing nhu thoi gian ding cau, nhan
cong phuc vu bao dudng sira chita cau ngay
cang tang, trong khi d¢ tin cay va mac do
chinh xac thao tac cang giam lam cho nang
suat xép dd giam.

Qua theo ddi thuc té tai cac cang phia
nam thi giai phap khac phuc van dé trén bang
sa chira lon dong co diesel khong dem lai
hiéu qua vi cac ly do:

- Chi phi stra chira cao vi phu tung thay
thé phai nhap khau don chiéc;

- Tudi tho cua dong co sau khi sira chira
thap do chat rong phuc hoi chi tiét va lap
rap can chinh kho dam bao khi khéng c6 thiét
bi stra chira chuyén dung;
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- Céu van sir dung diesel nén chi phi
nhién lieu 16n va gay 6 nhiém moéi truong.

Bai bao nay dé& xuat nghién cu mot giai
phap c6 tinh chit ang dung cao, st dung
ning hrong sach hon va co thé giai quyét cac
vin dé& néu trén mot cach lau dai, bén virng.
Do 1a giai phdp thay thé ngudn dong hrc
diesel — may phat bang nguén dién lusi va
chuyén ddi cac co ciu cO truyén dong thiy
hrc sang truyén dong dién.

Theo cac tac gia Yi - Chih YANG va
Wei - Min CHANG trong mot nghién cuu
twong ty tai cang Cao Hung (Pai Loan) cho
thdy khi chuyén doi tir diesel sang dién Iudi
mot cau RTG trong 1 nim s& giam phét thai
30 tin CO2; 2. 3 tan NOx va 0.06 tan cht thai
ran, ngoai ra Cau su dung dién hoan toan s&
glam t6i da tiéng 6n va gan nhu khong c6
cht 1ong bi rd ri ra méi trueong [1].

2. Co s06 ly luan cua giai phap

Vé nguyén ly chung trong thiét ké may
truc, c6 thé sir dung cac nguon dong hyc va
cac phuong phap truyén dong khac nhau cho
moi loai. V& nguon dong hrc c6 thé ding
dong co dot trong hay dong co dién, dong co
thay hrc. V@& truyén dong co thé ding truyén
dong co khi, thiy hre, dién hoic két hop.
MJi loai c6 nhitng wu nhuge diém khac nhau
va phu hop trong ting truong hop s dung
[2].

Vé6i cau RTG Diesel — Dién, mdi cau
duoc trang bi mot tram phat dién dong bo ba
pha dugc dan dong boi mot dong co diesel
bon ky b tri trén dam cau, cung Ccap ngudn
dién cho toan bd cac co cau nang ha, di
chuyén xe con va di chuyén cau hoat dong.
Thong s6 co ban cua diesel va tram phat nhu
sau [3], [4]:

- Cong suit: 450 kVA;

- Tbc do: 1800 viph;

- bién ap: 400 VAC, 3-phase, 50 Hz;

- P diéu chinh dién ap: +/- 10% tir
khéng tai t6i day tai;

- Céac ché do bao vé&: Qua dong, ngin
mach, qua ap, thdp 4p, thip tin sb, mat kich
tr, qua toc do, 4p hrc nhdt thip, nhiét do
nudc cao...;

- Ché d6 cach am: < 95dBA;

- DPiéu khien: thyc hign qua hai giai
doan, khoi dong diesel — tram phat va diéu
khién CaC chirc ning cua ciu (Cac chirc ning
cua caq chi dugc phép hoat dong khi cac
théng s6 cua tram phat va cac ché d6 bao vé
da on dinh va dugc thiet lap).

Giai phdp chuyén doi dé xuat thay tram
phat diesel — may phat bang mot nguon cung
cap di dong tr hé thong dién ludi ha the tal
cang c6 cac théng so [5]:

- Cong suat tram ha thé 2000KVA cho
mot khu vgc lam hang gom 06 RTG, (tinh
cho moi cau khoang 340 KVA);

- Dién 4p: 400 VAC, 3 - phase, 50 Hz;

- Muc d6 dao dong dién ap: < 10%;

- Cac ché do bao vé tir tram ha thé:
Qua dong, ngan mach, qua ap, thap ap, sai
léch tan so...

So sénh V& céc thdng s cua cap ngudn
ciia hai phuong phap la twong tu nhau. Tuy
nhién vé dac tinh tai thi gitta tram phat dong

co diesel — may phat va tram dién ludi co
khac nhau:
- Tram diesel — may phat doc lap, chi

phuc vu cho hoat dong ctia mdt cau nén vigc
tinh toan s& d& dang hon dé d¢am bao cho toan
bo cac hoat dong cua cdu. Tuy nhién, tram
phat can c6 cong suat lon hon, mat khac do
dong co diesel c6 dac tinh qua tdi lén hon
nguon cung Cap tir tram ha thé, do do viec
dam bao su 6n dinh cac thong sb cua nguon
cung cdp cing d& dang hon ngay ca khi cau
lam viéc vé6i cac muc tai thay doi [6].

- Ngudn cung cip tir tram ha thé dugc dé
Xuit s& st dung mot tram cho mot khu vuc
bai container gobm 6 RTG nén cho phép giam
cOng suat tram do tinh toan vé kha ning Bm
viéc dong thoi cua cac cau. Tuy nhién, nhuoc
diém ] dic tinh qué tai cia ngudn dién thap
hon dong co diesel [7] nén trong mot sb
truong hop, hé s6 sir dung dong thoi ting,
hodc mic tai cua cac cau dong thoi & mac
cao ¢6 thé dan dén khi ning sut 4p cuc bo,
théng sb cap ngudn bi thay doi. Pé khac
phuc nhuoc diém trén can phai bd tri cac tu
bui chung trong hé thdng [8] .

Tiép theo, giai phdp chuyén doi can tién
hanh cac tinh toan va lua chon sau:
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- Chon phuong an cap nQUOn va tinh
toan céc thdng sé cua nguon thay thé;

- Lura chon thiét bi va bién phap ky thuat
cong nghé¢ dé thuc hién chuyén doi;

- Tinh toan chi phi chuyén d6i;

- Hiéu qua cua giai phap vé kinh té, mdi
truong.

3. Chon phwong an cip ngudn va tinh
ton céac thong so cia nguon thay the

3.1. Chon phwong 4an cip nguon

~ Cép nguon ¢b dinh dan tir tram bién ap
den bai container duoc lip dat ngam dudi
mat dat d¢ khong anh hudng dén giao thong
trén bdi va tiet kiém chi phi do co the st
dung cap dién ché tao trong nudc.

Pé cung cap dién cho cau co thé str dung
1 trong 2 phuong an:

- Phwong 4n 1: St dung ray cip dién
(Conductor Bar Solutions) [1];

- Phuong an 2: Str dung cong nghé tang
cap dién (Cable reel technology) [5].

Phuong an 1 co uu‘diém la chi phi dau
tu thap hon, nhung c6 nhi€u nhugc diém:

- Cac duong ray dién lip dat noi anh
huong den giao thong trén béi;

- P chinh xac ctia duong ray cap dién
kho dam bao khi nén bai chuyen vi do do Ign
khong déu cé thé lam cho nguon cap kém on
dinh;

- Chi phi bdo tri sta chira ray dién,
thanh quét va xe toi tiep dién cao do sy mai
mon qva anh huong cua thoi tict ngoai troi,
chuyén vi cua nén béi.

. Phuong én 2 tuy c6 chi phi ﬁﬁu tu ban
dau cao hon nhung c6 nhi€u vu diém hon:

- Khoéng can tro giao thong trén baéi;

- Pién nguon on dinh hon do khong st
dung ray va thanh quét;

- Chi phi bao tri stra chira thip hon.

. Trong diu kien n€§n bai khong hoan toan
on dinh va khi hau am, nhieu muwa tai Ccac
cang thi chon phuong an 2 1a giai phap tot
hon dé cdp nguon cho cau. Céc ndi dung thuc
hién chinh ctia phuong an nhu sau:

- Thiét ké thi cong dwong cap ngam cd
dinh tir tram ha thé t6i cac bai;

- Bb tri céc try cAp dién tai bai (1 - 2 try
cap dién cho mot cau);

- Chon va thiét ké dé lap rap tang cap
dién trén cac cau;

- Két ndi cap cap nguon di dong (quan
trén tang) va cac try cap dién bang khép ket
noi nhanh (socket);

- B6 trf ranh rai cap va thiét bi bao vé.

3.2. Tinh toan thong s ciéia ngudn
thay the

3.2.1. Cong suat tram ha thé

Tram ha thé c6 chirc néng chuyén dién
ap tr duong day trung thé 15KV hoic 6KV
(tuy tung khu vuc) cap nguon cho cac thiet bi
ha thé¢ 400VAC thong thuong.

D¢ chuyén doi cap ngudn tir may phét
sang dién Iudi cho toan bo cdc cau RTG
trong mot khu vuc (b&i container) thi phai
tinh toan, lap dat tram ha thé phyc vu cho
cau. Cong suat tram ha thé phu thudc vao so
uong céu’ bo tri trong béi (N), tér]g cong suat
cac co cau cua 1 cau (Pc), hé so hoat dong
ddng thoi ctia cac co cu cua cau (Kl) hé so
hoat dong dong thoi ctia cac cau trong bai
(K2)va hé s du trir (K3).

Bai b4o ndy xay dung cho mot bai cu thé
tai cang Cat Lai c6 céac théng s6 duoc tinh
toan va chon nhu bang 1 [9].

Cong suat tram ha thé:

P=N.Pc. K1.K2.K3

]
=6 x370 x 0.67 x 0.9 x 1.2 =1,606.392 kW
Bdng 1. C4c thong sé tinh céng sudt tram hg ap.

1

N Pc Cac héso
(chiéc) | (kW)
K1 K, K3
6 370 0.67 0.9 12

Vai ket qua nay cd the chon cong suat
tram bién &p ha thé 2000 kVA hoac hai tram
ha the voi cong suat moi tram 1000 kVA dé
phuc vy cho bai container voi sau cau RTG
hoat dong dong thoi.

3.2.2. Chon cép cip nguén va tang cap

Cap cap ngudon can cé tong dién tich
thiet dién ngang cua 161 dong dam bao cong
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suat cua thiét bi va chiéu dai day du cho
pham vi lam viéc cua ciu. Véi cong suat thiét
ké cuia cau, cong thirc day cap ngudn cho cau
duoc chon la 3 x 185mm? + 3G95/3 [10] va
duoc chon nhu sau:

- Phan day cap cd dinh tir tram ha thé
dén cac tru cap nguon trén bai: Sir dung cép
boc PVC ¢6 ludi bao vé do cac nhd san xuat
trong nuwdc cung cap (Cadivi, dién quang,
Lioa...) dé tiét kiém chi phf:

- Phan cép di dong cd yéu cau vira nhe
vira mém nén phai mua tr cac hdng sin xuat
uy tin tr cic nmréc cong nghiép phét trién
(Conductix Wampfler, Cavotec, Yaskawa...)
ddng bo Véi tang cap dién. Chiéu dai cua cap
di dong va tuwong ng véi kha nang chura cua
tang cap s& anh huong dén pham vi hoat
dong cua cau [1], [11]. Qua khao sét tai cac
cang container ¢ Viét Nam hién dang st
dung cau RTG vé6i ngudn diesel khi chuyén
sang ngudn dién thi sir dung tang Véi chiéu
dai cap khoang 90 m la thich hop. Vi théng
thuong chiéu dai duong chay cau (RTG lane)
trong bai < 150m thi chi can mot try cap dien
bd tri ¢ gitta duong chay. Tang cap dién sur
dung cho cau RTG R loai tang dan dong
bang dién, diéu khién ty dong tich hop Vi
chuong  trinh dieu khién cua cau. Toc do
cudn cap va nha cap tuy dong thay doi vei toc
do6 di chuyén cua cau.

Cac ché do bao vé nhu chdng ri cap,
cang cap, su qua nhigt, qua dong, ap... cling
duoc tich hop trong chwong trinh diéu khién
va quan ly cau. Cac thiét bj két ndi tir try cap
dién voi cap di dong va tir tang cap dien voi
budng dién cua cau, nhu 6 cim két ndi
nhanh, mang cap va thiét bi din hudng cép,
thiét bi bao vé, tu CB... duoc sir dung ddng

bo, dam bao du cdng suat, thuan tién trong
két ndi, kiém tra va bao tri sira chira.

3.2.3. Chi phi chuyén d6i va so sanh
chi phi xép do

Trong nghién cau ndy, chi phi chuyén
d6i nguon cung cip diesel sang dién huéi
dugc tinh cho mdét khu vuc lam hang tiéu
chuan c6 ba lane RTG, mdi lane ¢ hai cau
RTG hoat dong, truong hop tai Terminal A,
cang Cat Lai, Tong Cong ty Tan Cang Sai
Gon, bang 2. Gia thanh xép d& cua RTG
duoc tinh trén co sd cac chi phi nhu nhién
lidu, bao dudng stra chira, khau hao tai san cé
dinh, wong van hanh, quan ly,...

Pé so sanh higu qua cua giai phap, trong
bai bdo ndy chi dé cap t6i cac chi phi khéac
nhau ctia cdu RTG trudc va sau khi chuyén
d6i nguon ning hrong. P6 1a chi phi ning
lrong, bao dudng va sira chira hé théng cp
ngudn (cac chi phi khic la nhu nhau) Céc
chi phi san XUAt gitra cau ding nguon diesel
va cau dung nguon dién ludi thé hién trong
bang 3. Tur két qua trén ta thdy kha rd hiéu
qua kinh té cta giai phapla chi phi xép d&
mot container s& giam 15.402 ddng. Véi san
lwong trung binh cua 1 cAu hoat dong tai
cang Cat lai 12 80.000 cont/ndm thi chi phi
xép d& duoc giam cho Sau ciu trong mot ndim
s¢ la hon 7.392.960.000 dong. Véi chi phi
dau tu ban dau dé chuyen doi nguon nang
rong 1 11.552.000,000 ddng cho S&u cau
RTG dién thi chi sau 1,5 ndm d3 hoan vdn
trong khi tudi tho khai thac cta cdu RTG tir
20 dén 25 nim. Trong trwong hop giai phap
duoc ap dung rong rai cho cac bai container,
cac cang khac (udc tinh khoang hon 200
RTG) thi hiéu qué s& rat lon.

Bdng 2. Chi phi chuyén déi cho mét khu v 1am hang véi ba lane 06 RTG.

T Hang m bon wid Thanh tién
aNg Muc on gia (Triéu dong)
Mua va xay lip hai tram bién ap 1.000 KVA, hé
! théng cap cdp ngudn cb dinh tir TBA ra bai 1,450 2,900
Mua va thi cong lap dat tang cap va cac thiét bi
2 ddng bo cho sau cau RTG 1442 8,652
Tong 11.552
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Nguén: Téng Cong ty Tan Cang Sai Gon

Bdng 3. So sanh chi phi san xudt giira cau RTG s dung diesel va dién ludi.

T ~ Céc loai chi phi Cau RTG sir dung diesel Cau RTG sir dung dién lwéi
(tinh cho m@t container)
Tiéu thu [ Pon gia| Chi phi Tiéu thu Pon gia Chi phi
(L/cont) [ (a/L) (d/cont) (kWi/cont) (d/kKW) (d/cont)
1 C!u phinhién ligu hay dién 0,92 18.00 16,560 28 1503 4.208
nang 0
2 | Chi phibao dudng diesel,
may phat hoactram BA va 1.600 1.600 550 550
hé thong cip ngudn (d/cont)
3 | Chi phistra chira diesel,
may phat hay tram BA va 2.000 2.000 - - -
hé thong cip ngudn (d/cont)
Chi phi tinh cho mgt
container 20.160 4.758

Nguén: [1], Trang tin vdtgia 8/2018, Tong Cong ty Tan Cang Sai Gon

4. Két luan

T céc tinh toan, phén tich ¢ trén va qua
trinh theo ddi su hoat dong cua cac cau da thi
diém chuyén ddi tai cac terminal A, B cua
cang Cat Lai, Tong Cong ty Tan Cang Sai
Gon (thc gia dd tham gia dé xuat, tw van ky
thuat cho du &n), két qua cho thiy giai phap
da dat hiéu qua cao vé kinh t& dong thoi gop
phan giam thiéu phat thii ra mdi truong cac
chit doc hai nhu CO2, NOx, sy ro ri dau
nhét, 6 nhidm tiéng on,... V& kha ning cong
nghé va ky thuat thi cong chuyén doi thi hoan
toan cd thé thuc hién tai chd va st dung mot
phan linh kién, vat tu trong nudc dé tiét kiem
chi phi va cha déng trong bao dudng, sua
chita, thay thé phu ting. Duéi day B mot s6
két luan chi tiét:

» Giai phap cO tinh kha thi cao trong
thie tién san xuat vi hdu nhu tit ca cac cong
visc dé thuc hién giai phap, nhu: Thiét ké,
mua sim Vit tu, thi cong Ep dat va bao
dudng sta chita déu cd thé thuc hién kha dé
dang trong nudc, tai noi khai thac st dung
cau ma khong bi anh huong boi nha san xuat
cau va thiét bi chuyén ding.

> Giai phép c6 hiéu qua Kinh t& cao nhu
so sanh & trén vi cac yéu to:

- Mbt Ia hiéu suat truyén dong dién cao
hon truyén dong bang diesel may phat. Mt
khac, voi cau RTG dién, khi cau nging thao
tic s& gan nhu khong tiéu tén ning lwong,
con v6i RTG diesel, khi cau ngirng thao tac,
diesel van hoat dong va tiéu ton nhién liéu.

- Hai a so sanh V& gia nhién licu, néu
quy V& mdt gid tri ning hrong ding dé xép
dd mot container thi gid dién ludn thip hon
nhidu va 6n dinh hon gia dau.

- Ba la khi cdu ding dién ludi s& giam
chi phi bao dudng stra chira cau dén 30% so
Voi cau ding dong co diesel (trong d6 riéng
chi phi bao dudng sira chira hé théng cip
ngudn giam 85%).

> Giai phap co y nghia dic biét d6i voi
moi truong khi duge ap dung voi s6 lrong
6n cidu RTG sir dung dong co diesel hién
nay, gop phin am sach hon khong khi va
nguon nudc ciing nhu khong gian lm viée
do giam dwoc mot hrong I6n khi thai doc hai,
chit thai long va ran ciing nhu 6 nhiém tiéng
dn phéat ra tir dong co diesel.

> Giai phap ndy ciing I co s dé cac
cang, cac bai xép d& container khac trong ca
nudc tham khao, tinh toan chuyén déi ciing
nhu dau tu mua sim thiét bi méi theo hudng
tiét kiém ning lwong va gidm 6 nhiém mbi
truong U

Tai liéu tham khao
[1] Cavotec Innovative solutions for the Maritime

industry ASEAN Port & Shipping ASEAN Port
& Shipping Johor Johor Bahru BahruJune, 2007.

[2] Ing. J. Verschoof, Cranes — Design, Practice, and
Maintenance  (2nd  Edition),  Professional
Engineering Publishing Limited London and Bury
St Edmunds, UK, 2002.

[3] Kalmar Industries Oy Ab FIN-33101 Tampere
Finland.



16

Journal of Transportation Science and Technology, Vol 30, Nov 2018

[4]

[5]

[6]

[7]

(8]

0]

TCM CORPORATION, Operation and
Maintenance Manual for the transfer crane Model
CT5F, Tokyo 105-0003, Japan, 2010
ConductixWampfler, Motor Driven Cable Reel
Technical data, Belley, France, 2012.

TS. Van Hiru Thinh (2016), Tinh todn thiét ké mdy
ndng chuyén, Nha xuit ban Dai hoc Qubc gia
TP.HCM.

PGS.TS Truong Qudc Thanh, PGS.TS Pham
Quang Ding (1999), Mdy va thiét bi nang,
Nha xuat ban KHK T, Ha Noi.

TS. Pdng Van Huéng (2011), Co sé truyén dong
dién,Nha xuit ban Giao thong van tai, Ha Noi.
PGSTS Hoang Xuan Binh (2015), Trang bi dién -
dién tir cdc mdy cong nghiép, Nha xuat ban Hang
Hai, Hai Phong.

RTG Kalmar E-one s/n 40717-40726, Technical Data,
2008.

[10] Stefano MELOTTI, M.Sc. P.Eng. Engineering,
Commissioning and After Sales Director Noell
Crane Systems (China) Ltd. —TEREX Cranes
Xiamen Zhang Zhou, 2011.






