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ABSTRACT

This paper presents a method of planning conditional maintenance that
improves the ability of motor management at Ca Mau Gas Company. The
motor's status data will be collected periodically through online and
offline tests. Then, the maintenance manager will suggest a reasonable
maintenance plan for each motor based on the optimal spending of time
and cost. The motor maintained by the conditional maintenance method
will have higher working efficiency than traditional ones. This method will
help to reduce motor damage's severity through proactive maintenance
according to the proposed schedule.

TOM TAT

Bai bdo trinh bdy phwong phdp xdy dung ké hoach bdo tri ¢6 diéu kién
g6p phan néng cao hiéu qua quan ly dong co trong Cong ty Khi Ca Mau.
Nhitng dit liéu vé tinh trang cia dong co sé dwgc kiém tra dinh ky tir
phuong phap kiém tra online va offline. Tir @6, nguoi quan 1y bdo iri sé
dua ra ké hoach bao tri hop Iy cho ting dong co dya trén tiéu chi 161 wu
Vé thoi gian va chi phi. Bao tri ¢6 diéu kién sé ndng cao hiéu sudt lam viéc
clia dong co so véi nhitng phwong phdp bdo tri truyén thong. Phwong
phap nay giup giam thiéu dwoc tinh trang dong co hu hong & mire do
nghiém trong nho sw chu dong trong cong tdc bao tri va swa chira theo
lich da dé xuat tir trude.

1. GIOI THIEU

theo thoi gian thyc, t6i wu hoa nang suit va giam
thiéu thoi gian nging hoat déng (Leo, 2020). CBM

Theo dinh nghia cua Dimitri Kececioglu (My)
bao tri 1a bat ki hanh dong nao nham duy tri cac th1et
bi khong bi hu hong & mét tinh trang dat yéu cau vé
mat do tin cdy, an toan va néu chung bi hu héng thi
phuc hoi vé tinh trang nay (Quang, 2012). Hién nay,
cac chuong trinh bao tri thuong dugc ap dung trén
thé gisi bao gom bao tri c6 diéu kién (Condition
Based Maintenance- CBM), bao tri theo thdi gian
(Time Based Maintenance- TBM) va bao tri sau su
¢b (Run To Failure- RTF).

‘Biéo trico diéu kién (CBM) la mot phuong phap
pho bién va hién dai cho phép tao lich bao tri phong
ngura cho cac déng co dua trén dir liéu hoat dong
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str dung dit liéu thoi gian thyuc vé hoat dong cua dong
co dé gitp xac dinh bat ky van dé tiém an nao co thé
anh huong dén hiéu suat, bao gom nhiém vu, toc do,
gia tbc va mai mon hop s6. Cac bién nay dugc so
sanh véi cac déng co khac trong co s¢ dir liéu dong
co trén toan thé gidi dé tinh toan kha ning va khung
thoi gian xay ra I3i hoac hong hoc tiém 4n.

Céc nudc tién tién trén thé gidi hién nay thuc day
viéc str dung cam bién két ndi thiét bi trong nha may
cong nghiép qua mang ludi internet thong qua cac
chién dich nhu “Factory 2050” & Anh, “Smart
Industry” & Thuy Dién, “Horizon 2020” & Chau Au,
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“Revitalize Manufacturing Plan” & My, va “4t
Science and Technology Plan” & Nhat. May moc, hé
thdng va cac bo phan san xuét khac s& duoc lién két
chat ché véi nhau tao thanh mot hé théng mang vat
1y (CPS). Do d6, vai tro cta bao tri dya trén diéu
Kién (CBM) va giam sét tinh trang nhu mot phan cua
khudn kho CPS ngay cang quan trong (Rastegari,
2017).

Mot sb phuong phép bao dudng thong thuong
dugc ap dung & mot s6 nude tién tién nhu “Stra chira
va cai tao khi may moéc hong (Breakdown
maintenance)”, “Bao tri dinh ky (Periodic shutdown
maintenance)”, “Bao tri theo diéu kién may
(Condition based maintenance)” (Bengtsson, 2004).

O Nhat Ban, nguoi ta di ung dung CBM vao
viéc bao tri duong ray xe lira tai tuyén Yamanote
(Tokyo). Ho thu thap dit liéu hang ngay khi tau dang
chay bang cac cam bién gan vao toa tau, sau d6 phan
tich dir liéu trang thai cta tau va duong ray tir do dua
ra mot ké hoach bao dudng hiéu qua va hop li giup
tiét kiem hang triéu yén moi nam.

O Han qudc ngudi ta di nghién ciru viée sir dung
CBM cho may nén trén tau chira khi thién nhién hoa
long va dau ndi (LNG FPSO ) (Hwang et al., 2018).
Céac cam bién s& thu thap dir liéu vé do rung dong
truc va 6 d& truc dé theo ddi tinh trang Cua may nén.
T d6 c6 thé du doan duoc xu hudéng hu hong cua
méy nén bang cach theo ddi cac 13i ciia no.

Theo tiéu chi bao dudng cong nghiép gom nim
cap bac pho bién trén thé gioi, thi Viét Nam dang
chap chitng ¢ bac thir hai va trinh d6 bao dudng cong
nghiép Viét Nam tut hau 40 dén 50 nam so véi thé
gi6i. Thac si Nguyén Hong Long, chuyén gia trong
linh vuc bao dudng cong nghiép thudc Trung tdm
San xuat Sach Viét Nam (VNCPC) trong mot cudc
phong véan cho biét: “Néu nhu nhitng nim 60, cac
nudc chau Au da vuot qua bao dudng dinh ky va
tién dén bao dudng duya trén tinh trang cua thiét bi
thi hién nay, Viét Nam chi dang dung & viéc bao
dudng khi may hong va bao dudng theo dinh ky”
(Quang, 2012, tr. 11).

Tap doan Dién luc Viét Nam di va dang (ng
dung phuong phap CBM vao cong tac bao tri ¢ cac
tram bién 4p nham nang cao do tin cdy va an toan
cho toan bo hé théng truyén tai (Lai, 2020). Ngoai
ra, trong cac nha may san Xuat dau khi, cong tac bao
tri lién tuc dwoc cai tién dé tang thu nhap trén tai san
thong qua mirc do tin cay cao hon, ting ning suat
thiét bi va giam chi phi. Tir nhitng loi ich ma phuong
phéap CBM mang lai, bai bdo s€ trinh bay phuong
phap bao tri co diéu kién cia cac dong co quan trong
bang cach tich hop céac thong tin, dir lidu thir cip vé
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thong s thiét bi, thong s6 may, ké hoach van hanh
va san Xuat cua nha may dé dé xuat ké hoach bao tri
sa0 cho tdi thiéu anh huong dén qua trinh san xuat
trong cong ty Khi Ca Mau- Tap doan dau khi Viét
Nam.

2. KE HOACH BAO TRI CO PIEU KIEN
O CONG TY KHIi CA MAU

2.1. Kiém tra Offline

Motor Circuit Evaluation- MCE: Céng nghé
MCE (Kiém tra Offline cho dong co) (Cong ty Khi
Ca Mau [PVGas], 2020) duoc thiét ké dé kiém tra
va cung cap dir liéu nham sir dung trong viéc danh
gi4 cac 16i ciia dong co nhur Mach Cong Suét, Cach
bién, Rotor, Stator va Air-Gap (khe ho tir gitra stator
va rotor). Cong nghé nay dwoc goi la kiém tra offline
boi vi cac dir lidu dwoc do tai mot thoi diém nhat
dinh va s€ so sanh chung VGI Kiém tra tiéu chuan
(AC Standard Test), chi sé phan cuc (Polarization
Index-PI), chi s6 hap thu (Dielectric Absorption-
DA), kiém tra bang dién 4ap budc (Step Voltage
Test).

2.1.1. Kiém tra theo tiéu chudn

Resistance-to-Ground (RTG) (PVGas, 2020):
gia tri dién tro cach dién sau khi do s€ duoc hiéu
chuin vé 40°C theo tiéu chuin IEEE 43 dé so sanh
V6i tiéu chuan nay.

Capacitance-to-Ground (CTG) (PVGas, 2020):
dién dung cach dién, dac trung cho do sach cua hé
thdng cach dién. Theo ddi dién dung cach dién qua
nhiéu lan do c¢6 thé phat hién dwoc nhitng dau hiéu
cuia bui ban bén trong hé théng cach dién cua stator
va rotor 1dng soc.

Phase-to-Phase Resistance (%Res. Imbalance)
(PVGas, 2020): dién tro cudn ddy, mat can bang
dién tr& pha-pha. Panh gia hu hong vé két néi bén
trong dong co va mach dong luc. Dién tré noi pha-

Phase-to-Phase Inductance (%Ind. Imbalance)
(PVGas, 2020): dién cam cudn day, mét can bang
dién cam pha-pha. HO trg danh gia cc van dé vé
ngan mach cudn day, hu hong rotor long soc, léch
tdm rotor va stator.

2.1.2. Chi sé phdn cuclchi sé hap thu (P1, DA)

Chi s6 phan cyc (P1) va chi s6 hip thu (DA) dugc
thu thap va danh gia theo tiéu chuan IEEE 43.

Tuy nhién, trong mot s6 truong hop khi cach
dién bi nhiém ban, am nhung chi s PI va DA khong
danh gia duogc tinh trang cach dién. Luc nay, chi co
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gian d6 phan cyc cua cach dién mai thyc su hiéu qua viéc phan tich do thj dong dién ro. Dya vao Hinh 1,
trong viéc danh gia tinh trang cach dién ctia dong co. duong mau xanh the hién cuong do cua dong hap
2.1.3. Dién dp budc (Step Voltage) thu thay d6i theo thoi gian. DLIC)’I}_g mau dé .thjé hién
. . . . cho cudng do cua dong ro thay doi theo thoi gian va

Phuong phép kiém tra ndy cung cap cho nguoi tirng cép do dién ap. Ta thiy, duong biéu dién dong
dung mot cach tot nhat vé su cach dién Cua dong co. 1o tring v6i diém day va co gia trj thip hon dong
Die::n éI? kiémAtra ‘duqc tang t‘he(.)7buékc, moi blféc 1 hép thy. Diéu nay ching t6 16p cach dién kho, khong
phut, dong dién ro duoc do va gian do dugc Ve theo 13n tap chat va két qua sau khi kiém tra 1a dat yéu

thoi gian. Nguoi ding c6 thé danh gia tinh trang suc cau (PVGas, 2020).
khoé cua cach dién stator va rotor diy quan bang
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Hinh 1. Biéu d6 dién ap buéc ciia dong co

2.2. Kiém tra Online danh gia so bo cac thanh phan co khi cta dong co
va phan tai. Thanh phan dong dién chinh 6 tan s 50
Hz duoc loc va tach ra, dé lai trén gian d6 FFT (Fast
Fourier transform) chi 1a cac tan s6 dién anh huong
tir cac thanh phan rung dong co khi.

Cong nghé Motor Current Signature Analysis -
Phan tich tin hiéu dong (MCSA) (PVGas, 2020)
duoc thiét ké dé kiém tra va thu thap dir liéu trong
khoang thoi gian dai c6 thé 1 hogc 2 tudn bi nhiing

thiét bi hién dai, nguoi thu thap dit ligu can dugc 2.2.3. Phan tich dj \éch tim (Eccentricity

huan luyén va bang cap chuyén mén. Cong nghé nay Spectrum)
nham sir dung trong viéc phan tich, danh gia cac 16i Phan tich do léch tdm cua rotor va stator dé danh
cua dong co lién quan tdi cac van dé nhu chat luo’ng gi4 duoc tinh trang léch tm tinh hodc léch tim dong
d%én r}éng, stator, rotor, air-gap va mach cong suat clia rotor va stator. Bang cach so sanh bién do cac
cua dong co. dinh tan s6 song hai bac cao lién quan dén air-gap
2.2.1. Phan tich tin hiéu dong (Current trong gian dd FFT cua dong dién véi tiéu chuan, tinh
Analysis) trang léch tdm cuia rotor va stator s& dugc danh gia

mot cach chinh xac nhat. Biéu do phan tich tinh
trang air-gap duoc thé hién ¢ Hinh 2. Puong mau
vang danh gia d¢ nhiéu trung binh ciia séng hai nam
& muc canh bao. Puong mau dé danh gia do nhiéu
trung binh ciia s6ng hai ndm & mirc bio dong. Hinh
2.2.2. Sy tach song (Demodulation) 2 ¢6 4 diém bién do song hai ndm trén mirc do bao
dong nén két qua phan tich tinh trang air-gap cua
dong co la khong dat (PVGas, 2020).

e “
0-10 (PAMA 2128.14)

Frequency iHz)

PP L PP PSP PP P CECTFTFOLLPELE PSP PP

Dong dién hoat dong ciia dong co duoc thu thap
va phan tich FFT theo mién tan s6 dé danh gia cac
van dé lién quan dén rotor, air-gap, anh huong tir va
rung dong co khi.

Muc dich cta phuwong phép tach séng dung dé
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Hinh 2. Biéu dé phan tich tinh trang air gap

Ampitude (d8)
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2.2.4. Phdn tich chat lwong dién ndang (Power
Analysis)

_ Phan tich cac van dé chét luong dién nang cung
cap cho dong co theo tiéu chuan IEEE 519, Nema
MGO1, EASA... Cac van d€ can quan tam trong
cong tac phan tich chat lugng dién nang nhu sau:

— Song hai dong dién va dién ap (THD, IHD tur
bac 1 dén bac 50)
— Chi sé dinh (crest factor)

% M

II I,

W

ﬂi' i’f 1"“‘5 r' |
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— Do léch dién ap va dong dién

— Téng tré mach cong suat va mach dién dong
co, do léch tong tro.

— Hé sb cong suit ting pha cia dong co.

Hiéu suat lam viéc cua dong §0.Biéu d6 dang
song hinh sin cua dong dién bi cat ¢ 1 pha do hu
hong bién tan dugc thé hién ¢ Hinh 3 (PVGas,
2020).

et MMA

«"V

A oo

Hinh 3. Biéu d6 dong dién bi cit do hw héng bién tan

2.3. Phan tich rung dong

Nhimg nguyén nhan chinh va nhing yéu t bén
ngoai gay nén rung dong dugc phan tich danh gia:

Mt can bang trong tim quay.

Mt can chinh khép néi (khép néi khong dong
truc).

Rung dong vé may, chan dé bj long.
Rung dong do canh quat, bom, HGT,

Rung dong cua bac dan...
2.4. Quy trinh quén ly va phan tich co sé dir
ligu

Viéc quan 1y co so dir liéu va tinh trang sirc khoé
cia cac dong co trong nha may 1a mot cong tac rat
guan trong cho viéc xay dung chuong trinh CBM
(PVGas, 2020). Nhiing s6 li¢u dat duoc tir phuong
phap kiém tra online & offline vé cac ving hu hong
cia tat ca cac dong co dién trong nha may dugc quan
Iy trén cung mot phan mém. Phan mém quan 1y co
s dit ligu theo mot chudi quy trinh théng nhat.
Thong ké sb lugng dong co ctia nha may dang gap
van dé hu hong. Cac mire do hu hong s€ duoc biéu
din qua ting cip d6 mau sic lan luot 1a d6, vang va
xanh duong. Bén canh do6, cac thong s6 nhu ngay
bao tri gan nhét, chu ki bao tri va khoang thoi gian
bao tri s& dugc thé hién trong tirng danh muc cua
phan mém. Co s dit liéu cho tat ca dong co-s& duoc
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ghi lai, tir d6 nguoi qudn Iy c6 thé theo doi xu huéng
tién trién va 1én lich canh béao khi c6 bét thuong.

Cac budc xtr ly va phén tich thong tin sau khi do
dat dugc ¢ Cong ty Khi Ca Mau dugc thé hién nhu
Sau:

— Budc 1: Thu lap s6 ligu do duoc tir phuong
phap kiém tra offline va online.

— Budc 2: Tir nhitng s6 liéu thu thap trén, quy
trinh 1én ké hoach bao tri dong co s& theo hai muc
dd uu tién. Thir nhat, ké hoach bao tri s& duoc wu
tién theo tinh trang van hanh hién tai cua dong co.
Tiép theo, trong trudng hop cac dong co co tinh
trang van hanh giéng nhau thi déng co nao co thoi
gian bao tri, sira chira ngén hon thi s& duogc vu tién.

— Budc 3: Lap bang tong hop tat ca dong co
can stra chira theo timg ma 13i. Bang tong hop bao
gom nhitng thong tin sau: Tén dong co, mi 15i va
ngay sua chira.

Tir cac dir lidu vé tinh trang dong co sau khi thu
thap duoc tir phuong phap kiém tra online va offline,
ngudi quan 1y s& lap dwoc danh sach vé nhing théng
tin ciia dong co nhu: tén dong co, ma 16i, hinh thuc
kiém tra, két qua danh gia, chu ky bao dudng, lan
bao dudng gan nhit 1a ngay may va don vi nao thyc
hién cong viéc bao tri trude do. Cac dit lieu dau vao
dugc sap xép lai theo mot chudi thi tw vu tién. Tha
tu ru tién thir nhat 1a mirc d6 tinh trang cia dong co
sau khi kiém tra, thir ty wu tién thir hai 1a khoang
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thoi gian stra chira. Hai mac d6 uvu tién nay c6 y
nghia quan trong trong viéc 1én ké hoach bao tri cho
ting dong co. O nhimg dong co ndo ¢6 mirc d6 vu
tién cao hon thi can thuc hién cong tac bao dudng
stra chita sém hon dé tranh viéc tiép tuc hoat dong
trong thoi gian dai dan dén viéc hu hong dong co tro
nén ning hon. Sau nhitng qué trinh kiém tra va phan
tich ting 1561 va tinh trang lam viéc cua dong co,
ngudi quan 1y sé lap dwoc mot trang tong hop veé ké
hoach bao tri dong co ciia nha méay. Bang téng hop
nay s& dap tng cac diéu kién tdi wu vé chi phi va ca
thoi gian thuc hién bao tri. Tir nhimg thong tin vé

Bang 1. Nhirng sw c6 c6 thé xay ra & ting dong co
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tén va ma 16i cua timg dong co, bao tri vién sé truy
xuit dugc thai gian bao tri theo ké hoach 1a khi nao
va don vi nao la nguoi thuc hién cong viéc trén. Quy
trinh thyuc hién ké hoach & timg budc va didu kién
t6i uu chi phi trong ké hoach bao tri dugc néu cu thé
nhu sau:

2.4.1. Quy trinh danh gia tinh trang Cua dong co

Mbi dong co sau khi dugc do dat s& chia ra thanh
7 ving 18i véi 13 ma 16i dugc thé hién cho 13 16i ¢6
thé xay ra & mdi dong co (Bang 1).

STT Mai l6i Vung 16i Loai su ¢
1 RGC01_CMMS 01 Chat lugng dién nang Do 1éch song hai ap
2  RGCO01_CMMS 02 Mit can bang dién ap
3 RGC01_CMMS_03 Chi s hinh sin
4 RGC01_CMMS_04 Cach dién Stator bién trd cach dién
5 RGCO1_CMMS 05 Chi s phan cuc
6 RGC01_CMMS_06 Dién dung
7  RGCO1_CMMS 07 Stator MAt can bang dién tré
8 RGCO01_CMMS 08 MAt can bang dién cam
9 RGCO1_CMMS_09 Rotor Phan tich phé dong dién
10 RGC01_CMMS_10 Hiéu ing song hai bac 5
11  RGCO01_CMMS_11 Mach cong suét Mit c4n bang dong dién
12 RGC01_CMMS 12 Air gap Do léch tam
13 RGCO01 CMMS 13 Phan tich rung Phan tich ph6 FFT

Céc 151 nay s& dugc danh gia theo 3 cép do:

Cép d6 1 (Mau do6): Bao dong-Pong co ¢ mirc
d6 nay hoat dong bét binh thudong mot cach nghiém
trong. Rotor hoic Stator c6 nhitng van dé khan cap.
Viéc khac phuc phai tién hanh ngay lap tuc. Viéc
tiép tuc van hanh thiét bi trong tinh trang nay sé& la
nguyén nhan din dén su hu hai nghiém trong va c6
thé pha huy nhiing thanh phan quan trong cua dong co.

Cép d6 2 (Mau vang): Canh bao va theo ddi- O
mirc d§ nay tinh trang ciia dong co da vuot qua khoi
mttc d6 an toan cho phép. Nhitng van dé bat thuong
vé dién ap/dong dién hoic stator/rotor cin duoc
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gidm sat/ theo doi dé dua ra ké hoach bao tri pht hop
nhat vé thoi gian va ca chi phi.

Cép do 3 (Mau xanh dwong): Tét-Binh thuong
cho tat ca thong sd kiém tra nhung van can duoc
theo dbi thudng xuyén dé phat hién nhiing van dé
Mai, cai ma c6 thé dang va s& hinh thanh phat trién.
Theo doi su thay doi tinh trang dong co it nhét 1 ndm
sau do.

Quy trinh duoc dé xuat dé thyc hién cong viéc
bao tri theo mirc d6 danh gia cua dong co duoc thé
hién ¢ Hinh 4 nhu sau:
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Dirng ddng co tic
th&i, bao tri va sira
chira

Tién hanh theo dai,

1én ké hoach bao tri

trong thoi glan hop Ii
nhét

Tap 59, Sé 3A (2023): 15-24

Cac gia tri do dwoc
danh gia theo 3 cap
doé

Boéng co hoat déng
binh thudng

Két thuc

Hinh 4. Quy trinh thuc hién céng viéc bao tri theo mirc d wu tién

2.4.2. Ham t6i wu chi phi

Trong mot ké hoach béo tri, t6i wu vé chi phi 1a
mot trong nhirng diéu kién tién quyét hang dau trong
cong tac 1én ké hoach. O phwong phap nay, t6i uu

chi phi v& nhan cong thuc hién cong viéc va chi phi

Ham t5i wu chi phi

ton that ciia Cong ty do dimg méy bao tri 1a hai van
dé chinh dugc quan tdm (Hinh 5). Ham tdi wu chi
phi dugc tao ra tir 3 giai doan sau:

Y

Chi phi nhan cong
theo tinh trang 161

A 4

Tén that dimg
dong co theo timg
thang

v

Chi phi vt tu phat

sinh trong qua trinh|
stra chira

Hinh 5. Cac yéu t6 trong ham tdi wu chi phi

Giai doan 1: Thong qua cac dir lié
vao sau qua trinh do dat nhu ma 16i, mirc do 15i cia
dong co, woc tinh sb ngay stra chira; tir d6 nguoi
quan ly co thé udc tinh dugc s6 cong nhan va ky su

can dé thyc hién cong viéc sira chira sao cho tdi wu
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i6u co s ddu  Nhat vé chi phi nhan cong. Ham t4i wu chi phi nhan
cong trong viéc stra chira, bao tri dong co duoc thé
hién nhu sau:

2, = (a+b) * S6ngay (2.1)
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Véi
a: 1a chi phi dé thué Ky su thyuc hién cong viéc

b: 1a chi phi dé thué Cong nhéan thyc hién cong
viéc

Tir tong chi phi tinh toan dugc & trén (Hinh 6) s&
dugc so sanh voi chi phi nhan cong thué bén ngoai
dé stra chira cuing 16i ay. Néu chi phi nhan cong thué
bén ngoai thap hon chi phi nhan cong cta cong ty
thi cong viéc s€ dugc don vi bén ngoai thuc hién va
nguoc lai. Phuong phap t6i wu chi phi nhan cong
duoc dé xuat nhu Hinh 6.

Bét dau

Chi phi nhan coéng
bao tri va sira chira

Sai
Cobng ty > Bén ngoai

A 4

Bén ngoai thyc hién
cong viéc

Cdng ty thye hién
cong viéc

Két thuc

Hinh 6. Luru d6 t6i wu chi phi nhan céng

Giai doan 2: Viéc ton that chi phi khi dung dong
co dé stra chira cling 1a mot van dé quan trong can
quan tim trong cong tac 1én ké hoach bao tri. O ting
thoi diém trong nam, nhu cAu tiéu thu khi ctia nha
may Dién va nha may Pam s€ khac nhau. Pay 1a ly
do tao nén sy chéch léch chi phi ton that dimg dong
& dé stra chira & ting thang. Do d6, Cong viéc cua
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ngudi lén ké hoach 1a chon ra thang c6 chi phi t6n
that dung dong co 1a nho nhat.

X2, = min(ny, ny, ...

Véi

My2) (2.2)

n: 14 chi phi ton that dimg dong co theo timg thang

Giai doan 3: Bén canh viéc t6i wu chi phi vé nhan
cong va thoi gian dimng may, chi phi vé thiét bi vat
tu phat sinh trong qua trinh (cong thirc 2.3) cling can
duogc quan tim dén trong cong tac 1én ké hoach bao
tri.

X3 = Chi phi vt tw phat sinh(néu c) (2.3)

Tir 3 giai doan phan tich ¢ trén, ham t6i vu chi
phi duoc dé xuat boi cong thire nhur sau:

Y= Zl + 22 + 23 (2.4)

Trong do:

%, : Chi phi nhan cong téi thiéu thuc hién bao tri
mot 16i cia dong co.

23 : Chi phi t6n that nho nhat khi ding dong co
dé stra loi

25 : Chi phi phat sinh trong qua trinh sira chita.

3. AP DUNG KE HOACH BAO TRi PONG
CO CHINH O CONG TY KHi CA MAU

O Cong ty Khi Ca Mau c6 rat nhiéu dong co dién
dugc bao tri theo nhitng hinh thirc khac nhau. Nhung
trong bai bao nay chi tép trung vao 5 dong co quan
trong trong qua trinh van hanh cua nha may, moi
dong co nay sé c6 nhiém vu va su anh huong khac
nhau dén qué trinh san xuit. Dudi day (Hinh 7) la
téng quan vé day chuyén cong nghé cia Cong ty Khi
Ca Mau vdi ba khu vue chinh 1a tram tiép bo-LFS,
nha may xir Iy khi Ca Mau va Trung tim Phéan phdi
khi-GDC.

bong co 1: RESIDUE GAS COMPRESSOR 1
duoc dat trudc cum tach CO; ciia nha may GPP cé
nhiém vu nang 4p suit Residue gas tir 31 bar 1én 55
bar, dam bao ap suat cip hoat dong cum tach CO,
va 4p suat sales gas cap tro lai GDC. Pay 1a cum
may nén quan trong ctia nha may, trong truong hop
cum may nén shutdown s€ lam shutdown nha may
GPP va gdy rii ro dén qua trinh cap khi cho nha may
bién I/, Nha may DPam. RESIDUE GAS
COMPRESSOR 1 1a loai may nén ly tdm, c6 cong
Suit 6.500 (kW), 1am viéc véi van téc 1,490 (RPM).
Sau khi do dat, ta c6 nhitng dit liéu vé tinh trang
dong co nhu sau: Tét ca dai lugng vé dién tré va
dién dung cua rotor va air-gap déu binh thudong. Do
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léch song hai ap, dién tro cach dién & stator do léch
tam va do rung cia dong co khong dat.

bong co 2: RESIDUE GAS COMPRESSOR 2
dugc dit truée cum tich CO, dau ra nha may GPP
¢6 nhiém vu nang ap suit Residue gas tir 31 bar 1én
55 bar, dam bao 4p suét cap hoat dong cum tach CO,
va 4p suét sales gas cap tro lai GDC. Pay 1a cum
may nén quan trong ctia nha may, trong truong hop
cum may nén shutdown s€ lam shutdown nha may
GPP va gay rii ro dén qua trinh cap khi cho nha may
Dién I/II, nha may Pam cé cong suat 6.500 (KW),
lam viéc véi van téc 1.490 (RPM). Sau khi do dat,
ta c6 nhitng dir liéu vé tinh trang dong co nhu sau:
¢6 cac chi s6 vé can bang dién trg, dong dién va phd
phan tich FFT khong dat.

Dong co 3: LPG SIDE DRAW PUMP 1 diing dé
nén khi cong nghé 1én dén 70 — 85 bar. May nén khi
cong ngh¢ LFS duoc Iap dat tai LFS vai muc dich
tang cong suat duong ong PM3 Ca Mau Ién 6,5
MMSCMD va dam bao 4p suét khi cap cho GPP 6n
dinh khoang 70 bar. LPG SIDE DRAW PUMP 1 c6
cong suat 75 (kW), lam viéc véi van téc 2.980
(RPM). Sau khi do dat, ta c6 nhitng dit liéu vé tinh
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trang dong co nhu sau: Cac chi sb do dat vé can béng
dién ap, chi so phan cuc va phan tich rung khong
dat. Cac chi s con lai déu binh thuong.

Dong co 4: LPG SIDE DRAW PUMP 2 ding dé
nén khi cong nghé 1én dén 70 — 85 bar. May nén khi
cong ngh¢ LFS duoc Iap dat tai LFS véi muc dich
tang cong suat duong ong PM3 Ca Mau Ién 6,5
MMSCMD va dam bao ap suat khi cdp cho GPP 6n
dinh khoang 70 bar, c6 cong suat 75 (kW), lam viéc
v6i van téc 2.980 (RPM). Sau khi do dat, ta ¢
nhitng dit liéu vé tinh trang dong co nhu sau: Céac
chi sb do dat V& can bang dién cam va chi s6 phan
cuc (PI) va phan tich rung khong dat. Cac chi s6 con
lai déu binh thuong.

Pong co 5: REGENERATION GAS
COMPRESOR duoc dit ¢ nha may xir Iy khi Ca
Mau- GGP c6 cong suit 75 (kW), lam viéc véi van
toc 2.980 (RPM). Sau khi do dat, ta co nhitng dir liéu
vé tinh trang dong co nhu sau: Cac chi sb vé dién tro
céch dién, mét can bang dién cam va phan tich rung
khong dat. Céc chi 6 con lai déu binh thudng.
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Hinh 7. Céc qua trinh trong diy chuyén cdng nghé ciia Cong ty Khi Ca Mau (PVGas, 2020)

Str dung phan mém Excel dé xay dung ké hoach
bao tri dong co trong nha may. Két qua thu thap di
lieu vé 5 dong co s& dugc biéu thi qua 5 bang tinh
trén Phan mém Excel bao gém cac yéu té chinh nhu
mi 161, ving 16i, loai su c6, két qua kiém tra va Iy
do méc 15i.

Tir nhitng dit lidu dau vao nhu trén, sau khi da
dugc xir Iy théng qua phan mém Excel ta c6 dugc 1
bang tinh biéu thi cho chi phi nhan cong thuc hign
cong viéc. Dua vao cong thirc 2.1, chi phi cong nhan
thuc hién cong viéc bao tri theo ting 16i cua dong
co 1 & Tong chi phi nhan cong loai | (K¥ su), Téng
chi phi nhan cong loai II (Cong nhan) va Tong chi
phi nhan cong trong cong ty thuc hién s& dugc tinh
béi ham SUM.
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SUM=(Chi phi nhan cong loai I+Chi phi nhan
cong loai I1) (3.1)

Tir 46, ta so sanh v6i chi phi thué bén ngoai. Néu
téng chi 16n hon 100.000.000 VND thi giao cho don
vi bén ngoai thyc hién (Pon vi bén ngoai c6 thé 1a
nha thau hodc Cong ty Dich vy Khi Ca Mau). Chi
phi t8i wu dwoc viét lai bang ham IF va thé hién gia
tri & cot Chi phi tdi wu.

IF=(Chi phi bén ngoai = 0, Téng chi phi,
(MIN(Tong chi phi,Chi phi bén ngoai))) (3.2)

Phuong phap nay duoc dé xuét ap dung cho ca 5
d6ng co. Chi phi nhan cong thyc hién céng viéc theo
ting ma 15 ciia dong co 1 duoc thé hién & trang tinh
s6 2 cua file Excel (Hinh 8). Két qua tinh toan chi
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phi nhan cong thuc hién bao tri cho dong co 1 nhu
Sau:

Chi phi nhan céng loai I: 153.000.000 VND;
Chi phi nhan céng loai I1: 91.500.000 VND;
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Téng chi phi nhan cong thuc hién stra chira, bao
tri: 244.500.000 VND;

Chi phi don vi ngoai thuc hién: 420.525.000
VND;

Chi phi nhan cong ti wu: 665.025.000 VND.

Conmnl [ Colmaf]  Cowmn3 [ Colmmd [ Columnf Columu6 Column? =] Commns @ Comnd Columal) 3

Table 2 Tong chi phi nhan cong theo loai I | Téng chi phi nhan cong theo loai Il Tong chi phi Chi phi bén ngoai | Chi phi t6i wmu

A 160 Vi g | A CONE 1091 | N cang Toai 1] (o

( K9 sir) | ( Céng nhan) -

RGC01_CMMS 01 3 3 4 10 VND 45.000.000 VND 30.000,000 VND 75.000.,000 VND 0 VND 75.000.000
RGC01_CMMS 02 3 2 B 7 VND 21.000.000 VND 15,750,000 VND 36,750,000 VND 0 VND 36,750,000
RGC01_CMMS 03 4 VND 0 VND 0 VND 0 VND 0 VND 0
RGC01_CMMS 04 il 4 B 7 VND 42,000,000 VND 15.750,000 VND 57,750,000 VND 0 VND 57.750,000
RGC01_CMMS 05 4 VND 0 VND 0 VND 0 VND 0 VND 0
RGC01_CMMS_06 4 VND 0 VND 0 VND 0 VND 0 VND 0
RGC01_CMMS 07 il 8 12 VND 144.000,000 VND 0 VND 144,000,000 | VND 129,600,000 | VND 129,600,000
RGC01_CMMS 08 4 VND 0 VND 0 VND 0 VND 0 VND 0
RGC01 CMMS 09 4 VND O VND 0 VND 0 VND 0 VND 0
RGC01 CMMS 10 4 VND O VND 0 VND 0 VND 0 VND 0
RGC01 CMMS 11 3 3 4 10 VND 45.000.000 VND 30.000.000 VND 75.000.000 VND 0 VND 75.000.000
RGC01 CMMS 12 1 5 7 15 VND 112.500.000 VND 78.750.000 VND 191.250.000 | VND 172.125.000 | VND 172.125.000
RGC01 CMMS 13 2 5 6 11 VND 82.500.000 VND 49.500.000 VND 132.000.000 | VND 118.800.000 | VND 118.800.000

Hinh 8. Trang tinh thé hi¢n chi phi nhan cong béo tri cho dong co 1

Dé stra chira ting 161 dong co can phai ding
dong co, viéc nay anh huong dén day chuyén hoat
dong & cac khu vyc trong Cong ty khi Ca Mau. Do
cong suat hoat dong cua mdi dong co theo ting
thang 1a khac nhau nén t6n that ding hoat dong cua
ting dong co mdi thang ciing 1a khong gidng nhau.
Tir cac so liéu ton thét theo timg thang ma ngudi
quéan 1y bao tri c6 thé tim ra dugc thang c6 ton that
thip nhét ciia Cong ty Khi Ca Mau duoc thé hién ¢
cot “Thang mong mudn” théng qua ham MIN.

(3.3)

Trang tinh s 3 thé hién chi phi ton thét theo timg
ma 16i khi dimg dong co 1 sira chira theo timg thang.
Két qua tinh toan chi phi nhan cong thyc hién bao
tri cho dong co 1 nhu sau:

Thang 1: 2.052.000.000 VND;
Thang 2: 1.368.000.000 VND;
Thang 3: 1.140.000.000 VND;
Thang 4: 1.801.200.000 VND;
Thang 5: 889.200.000 VND;
Thang 6: 478.800.000 VND;
Théang 7: 912.000.000 VND;
Thang 9: 2.052.000.000 VND;
Thang 10: 2.166.000.000 VND;
Thang 11: 2.280.000.000 VND;
Thang 12: 2.052.000.000 VND.

Tir két qua tinh toan, thang c6 tén that thap nhét
do dung may la thang 6 véi tong chi phi la

Min(nq, ny, ..., ny3)
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478.800.000 VND. Phuong phap nay ciing duoc dé
XUt ap dung voi 4 dong co con lai. Nhung thoi gian
bao tri & 4 dong co con lai s& khac nhau do mdi dong
co ¢6 su khac nhau vé& 13i gap phai va cap d6 vu tién
stra chira theo timg ma 16i.

Cung bén canh t6i wu chi phi vé& nhan cong va
t6n that do dirmg may, tong chi phi trong viéc bao tri
con c6 chi phi phat sinh trong nhing truong hop 16i
dong co duoc danh gia & mac do 1 can phai mua
thiét bi vat tu thay thé trang tinh s 4. Chi phi vat tu
thay thé (néu c6) s& thé hién ¢ cot Chi phi Thiét bi
vat tu. Cung voi d6 1a Chi phi nhan cong thué ngoai
lam co s& dir liéu trong viéc so sanh Iua chon don vi
thuc hién cong viéc & muc ti wu chi phi nhan cong
thuc hién 13i (duogc trinh bay & trang tinh s6 2).

Tir nhitng bang tong hop, ngudi quan 1y bao tri
c¢6 thé dua ra dugc ké hoach bao tri dong co theo
tirng ma 15i cua dong co, bao tri vién co thé truy xuit
dugc cong viéc can thuc hién bao tri ¢ tirng 15i 14 gi,
don vi nao s€ thuc hién cong viéc, thoi gian bao tri
la khi nao, udc tinh thoi gian thuc hién 1a bao lau va
tong chi phi tinh toan thuc hién cong viéc 1a bao
nhiéu. Trang tinh s6 5 (Hinh 9) s& thé hién tat ca
nhitng yéu t5 vira néu & trén. K& hoach bao tri cho
dong co 1 dugc dé xuét nhu sau:

Nhom 16i vé chat lwong dién nang: co thoi gian
bdo tri vao thang 6, don vi thuc hién la Cong ty Khi
Ca Mau vai tong chi phi la 218.850.000 VND.

Nhom 13i vé cach dién Stator: c6 thoi gian bao
tri vao thang 6, don vi thuc hién la Coéng ty Khi Ca
Mau va Cong ty Dich vy Khi véi tong chi phi 1a
307.050.000 VND.
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Nhém 13i vé air-grap va phan tich rung c6 thoi
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Khi Ca Mau va Céng ty Dich vy Khi véi téng chi

gian béo tri vao thang 6, don vi thuc hién 1a Cong ty phi 14 617.925.000 VND.
Column7 - | Columnl - | Column? | Column3 B Columnd - | Column5 -
M l6i Cong viéc thure hién Pon vi thire hién | Théi gian bio tri |Chi phi t6i va (VND/ngay) Théi gian hoan thanh wéc tinh
RGCO1_CMMS_01 |Theo déi kiém tra hoat déng Cong ty Khi Ca Man | Théng 6 VND 138,000.000|9 ngay
RGCO1_CMMS_02 |Theo déi kiém tra hoat déng Cong ty Khi Ca Man | Théng 6 VND 80,850,000|7 ngay
RGC01_CMMS_03
RGCO1_CMMS_04 |Vé sinh bui ban Céng ty Khi Ca Man | Théng 6 VND 101,850.000|7 ngay
RGCO01_CMMS 05
RGC01_CMMS_06
RGCO1_CMMS_07 Kiém tra phéin két ndi ddng co véi mach dong hrc [Céng ty Dichvu khi | Thang 6 VND 205.200.000|10 ngay
RGCO1 CMMS 08
RGC01_CMMS_09
RGC01_CMMS_10
RGCO1_CMMS_11 |Theo déi kiém tra hoat déng Cong ty Khi Ca Man | Théng 6 VND 138,000,000/10 ngay
RGC01_CMMS_12 |Dirng vén hanh va kidm tra két néi co khi Congty Dichvukhi | Théng 6 VND 266,625,000(15 ngay
RGCO01_CMMS_13 |Thay bac tnroc Bon vi ngoai Thang 6 VND 213.300.000|15 ngay

Hinh 9. Lich bao tri cho dong co 1

4. KET LUAN

Bai b4o dé phén tich va dé xuat phuong hudng
ti wu chi phi trong viéc 1ap ké hoach bao tri CBM
cac dong co trong nha may gop phan nang cao hiéu
qua quan ly. Thong qua phuong phap bao tri ¢6 diéu
kién-CBM, dong co duoc 1én ké hoach bao tri vao
nhiing thang c6 chi phi ton that thap nhat. Diéu nay
s& giup Cong ty c6 ké hoach bao tri rd rang va t6i uu
dugc chi phi ton thét trong cong tac bao tri dong co.
Nhin chung tir phuong phap nay, nguoi quan ly chi
can biét ma 15 ctia tmg dong co dé truy xuat ra dugc
thoi gian hop ly va t6i uru nhat dé bao tri va stra chita
dong co. Piéu nay gitp cong tac bao tri dong co

TAI LIEU THAM KHAO
Quang, N. P. (2012). Gido trinh quadn Iy bdo tri cong

nghiép. Nha xuét ban Pai hoc Quéc gia Tp.HCM.

Leo. (2020). Hieong ddn toan dién vé bdo tri da
trén diéu kién (CBM).
https://speedmaint.com/huong-dan-toan-dien-ve-
bao-tri-dua-tren-dieu-kien-com/

Rastegari, A. (2017). Condition Based Maintenance
in the Manufacturing Industry From Strategy to
Implementation. Méalardalen University

Bengtsson, M. (2004). Condition Based Maintenance
Systems—An investigation of technical
constituents and organizational aspects.
Milardalen University.

Hwang, H. J., Lee, J. H., Hwang, J. S., & Jun, H. B.
(2018). A study of the development of a

24

trong nha may tré nén d& dang hon rat nhiéu. Tuy
nhién, nghién ctru van con nhimg han ché vé phuong
phap do dat, thu thdp dir liéu veé tinh trang cia dong

co. Dé c6 nhimng s6 liéu nay, can c6 doi ngii k¥ su
duoc dao tao chuyén nghiép tir Cong ty Dich vu Khi
nhung chi phi dé thué don vi nay van chua duoc dé
cap dén trong qua trinh 1ap ké hoach bao tri. Ngoai
ra, thoi gian bao tri dugc xac dinh 1a theo thang, do
d6 nhom hy vong sé tiép tuc phat trién ké hoach bao
tri cu thé vao ngay nao trong thang.

LOI CAM TA

Pé tai nay dugc tai trg boi Truong Pai hoc Can
Tho, M4 so: THS2021-15.

condition-based maintenance system for an LNG
FPSO. Ocean Engineering, 164, 604-615.
doi:10.1016/j.oceaneng.2018.07.004

Lai, V. M. (2020). Bdo tri theo phwong phap CBM:
G6p phan ndng cao hiéu qud qudn Iy vdn hanh
luoi dién.
https://cpc.vn/vi-vn/Tin-tuc-su-kien/Tin-tuc-chi-
tiet/articleld/38267

Cong ty Khi Ca Mau. (2020). Phuwong dn thuc hién
cong viéc.
https://www.pvgas.com.vn

Cong ty Khi Ca Mau. (2020). Bdo cdo kiém todn va
nang luong.
https://www.pvgas.com.vn



