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Tom tat

May nén khong khi ly tdm la thiét bi quan trong trong cac nha may hda chat, loc hda dau, dd tin cay cta thiét bi anh hudng dén van
hanh an toan va on dinh ctia cd nha méy. Chi dong trong cong tac bao dudng, stia chita va tu phuc hoi stia chiia bang ngudn luc trong
nudc dang dugc thuc hién tai cac cong trinh/nha may cia Tap doan Dau khi Viét Nam (PVN), gitip tiét kiém thai gian va chi phi san xuat.

Bai bao gidi thiéu giai phap phuc hoi rotor mdy nén khi ly tam tai Nha may Dam (a Mau, dugc thuc hién bang nguon luc trong nudc
trén co s& danh gia hu hong, phan tich, dinh lugng luc doc truc va dd bén dia chan clia rotor. Dong thai, Cong ty CP Phan bon Dau khi Ca
Mau (PVCFC) da tinh todn cong sudt thiét bi sau khi phuc hoi dé dam bao thiét bi van hanh t6i uu nhat.

Tir khéa: Do tin cdy thiét bi, may nén khi ly tam, phuc hoi rotor, hdc khi mdy nén, Nha may Dam Ca Mau.

1. Giédi thiéu

Hién tuong hoc khi may nén hay tang ap khi dau xa
gay doi ap (surge) Ia moi nguy d6i véi mdy nén khi ly tam;
la sy dao déng clia 4p sudt tai dau ra may nén, van toc
dong khi va hién tugng dao ngugc dong chay. Méi may
nén ly tdm c6 gidi han ap suat van hanh t6i da va dong toi
thiéu. Ngoai diém nay, hién tuong héc khi sé xay ra. Khi dé
ap suat, van téc dong khi dau ra may nén dao déng, dan
dén rotor dao déng theo hudng doc truc, gay co xat manh
gilra chi tiét quay va chi tiét tinh, pha hay vé mat co khi
dac biét 1a & chan, dia chin trén rotor bi va dap do luc doc
truc (Hinh 5), cé thé gay pha hay nghiém trong [1].

DE& dam bao an toan cho may nén khi, hé théng dudng
6ng két n6i v6i may nén khi sé dugc l1ap dat cac van tuan
hoan hodc van xa hodc két hgp ca hai (van xa chi ap dung
déi vai khi nén khéng anh hudng dén méi trudng nhu
khong khi, CO,,...) két néi véi bo diéu khién sé tu dong
kich hoat cac van nay theo tudn tu dé dam bao gidm ap
suat dau ra ctia may nén khi vé gia tri cho phép (Hinh 1).
Hodc c6 thé gidm téc dd van hanh cum thiét bi dé giam
luu lugng va &p suat dau xa ctia may nén khi.

Trén thé gidi da c6 cac nghién cu vé téi uu hé théng
diéu khién may nén, logic, l1dp dat cac van diéu khién,
thuat todn xac dinh gigi han van hanh, gigi han héc khiva
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mo hinh héa céc su ¢, trdnh cac hu hdng trong van hanh
binh thudng ciing nhu qua trinh diing khéan cap [2 - 5].

G Viet Nam, cac nha may hda chat, dau khi cé van hanh
cac cum may nén ly tam, viéc céi tién hé théng diéu khién
nay dang dugc quan tam nhu: mo phdng hién tugng hoc
khi dé t8i uu trong cong tac van hanh [6] hay thay déi vat
lieu thiét bi do luu lugng, thay d6i dudng 6ng nham nang
cao do tin cdy cho b6 diéu khién may nén khi [7].

D6i vai viéc khac phuc hu hong rotor do quéa trinh
mdy nén khi bi hoc khi gay hu hong, can cui theo tinh
trang thiét bi sé c6 phuong an khac phuc hay thay mdi cac
b6 phan quan trong nhu: rotor, bd phan lam kin, & truot,
8 chan. Phuc héi rotor c6 thé tuan theo céc tiéu chi trong
tiéu chudn Vién Dau khi My (API) vé sifa chifa rotor [8] tiéu
chuan ISO [9].

Ap suat
Giéi han cong nghé

Gidi han ) Téc d6 t6i da
héckhi — Gigi han cong suat

-

Stonewall or
“Diém gidi han
van hanh

VUng van hanh
N Tocdotsithicu O PNeP
Vung van hanh thuc té
Luu lugng

Hinh 1. D thi vdn hanh cda mdy nén
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Ap suit Gidri han van hanh may nén

Giéri han @k khién “surge”

Luru hergrng
Hinh 2. B3 thi gidi han diém vdn hanh va diéu khién hoc khi mdy nén

Luu uong/-j\\

Thai gian (glay)
—_—

Hinh 4. Luu lugng khi nén dao ddng trong qud trinh mdy nén khi bi héc khi

Nhiét do

1 T 1
1 2 3

Thdi gian (giay)
——

Hinh 6. Nhiét dg dong khi nén tdng trong qud trinh mdy nén khi bi hdc khi

Nha may BDam Ca Mau dang van hanh 1 cum may nén
khi dang ly tam la thiét bi chinh cung cap khong khi cho
cum cédng nghé cracking va cong doan hydro hoéa.

Do 16i cdng nghé clia cdng doan khac trong nha may,
theo logic may nén khi sé dugc tu déng tach ra khai hé
thong va duy tri van hanh & ché dé khong tai. Trong qua
trinh nay, khong khi nén & dau ra ctia may nén khi theo
nguyén tac sé dugc xa thai truc ti€p ra moi trudng vdi thoi
gian ngan nhat dé dam bao may nén khi khéng bi héc khi
hay doi dp, nhung néu xa qua I8n cling sé gay ra tinh trang
qua tai. Theo thiét k&, hé théng dau ra dugc lap dat cac van
diéu khién sé kich hoat xa khi tudn tu dé dam bao duy tri
thiét bi 6n dinh trong qua trinh tach tai va dua thiét bi vé
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Hinh 3. B diéu khién dam bdo mdy nén khi khong bi hoc khi dua trén cdc théng s luu
lugng (FT) dp sudt ddu hat va dau xd (PT)

Ap suat

Hinh 7. Dao ddng rotor mdy nén khi bj hoc khi

ché d6 van hanh khéng tai. Do thiét ké logic dong mé cac
van diéu khién chua phu hop dan dén may nén khi bi hién
tugng hoc khi gay hu hong rotor may nén khi cap 3 va 4.

Vi vay, can phai stra chita may nén khi dua vao van
hanh lai véi thoi gian diing may ngan, dam bao san xuat
khong bi gian doan trén co s& ngudn luc tai ché. Viéc huy
dong chuyén gia va ho trg ti nha san xuat trong trudng
hop nay khéng thé thuc hién dugc do gidi han vé dia ly
va thai gian.

TU thuc trang do, PVCFC da nghién cdu, dé xuat cac
gidi phap ky thuat nhdm phuc héi rotor va thay d&i logic
diéu khién thiét bi nhdm dua thiét bj vao van hanh lai véi
thdi gian t6i uu, tdng dé tin cay cho thiét bi trong qua trinh
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Ky hiéu thiét bi K04421 Nha san xuat Atlas Copco
Luu chat Khéng khi Kiéu may Turbo charge
Model GTozoLsky ~ Luuluengtrungbinh 71.944
(kg/gio)
Cdng suat (KW) 11.700 Téc dd (vong/phat) 26.572 (cap 5)

Ap suat dau ra cap

N 33,61 Nhiét dé daura (°C) 171,48
5 may nén (bara) T

Hinh 8. Mdy nén khong khi va thdng s6'co'bdn cia mdy nén
(1: Mdy nén cdp 1; 2: Mdy nén cdp 2; 3: Mdy nén cdp 3; 4: Mdy nén cdp 4, 5: Mdy nén cdp 5)

Khéng khi ddu ra méy nén cap 5 (s6 13)
Khéng khi ddu vao méy nén cap 1 (vi tri Air) Nhiét d6 (°C) 173
Nhiét do (°C) 31,2 Ap suét (barg) 326
Luu lugng (m*/gio) 57840

1
Luu lugng (m?/gic) 59850 e
F e |:Wl°‘1 = :_ﬂ‘_lqﬁa ¥ :I_TI"
_—— g— " U ] 5 e | Ll
T — ] ¢ (T
LA | "ﬂ_ S h o e il
e @ e o BT F s
L™~ | B o
il - — - 4
. tat
e

Ap suét (barg)

Bé& mat rotor cap 4 bi co xat, gidm chiéu cao Bé& mat than may nén khi bj co xat
cac canh phan 1ap ghép vdéi rotor 4
Hinh 10. Mdy nén khi' bj hu hdng sau khi bj hoc khi

van hanh binh thudng va khi xay ra
su 6. Giai phap nay giam dugc chi
phi thay méi rotor, rit ngan thgi
gian phuc hoi, stta chiia thiét bi,
khong phai thué chuyén gia, téi uu
nguén luc thuc hién...

2. Ly thuyét tinh toan

Qua trinh duing khan cdp tach
tai dé dua may nén khi vé van hanh
3 ché do khong tai da xay ra hién
tugng hoéc khi gay hu hdéng rotor,
6 truot, 8 d6 va co xat gidm chiéu
cao canh rotor cap 4 clia may nén
(Hinh 10).

Theo két qua kiém tra sau khi
ma& thiét bi, may nén khi bi co xat
giam kich thudc chiéu cao canh
rotor cdp 4 tir 1 - 1,5 mm theo chu
vi. Vi tri dia chan trén truc rotor
nay bi co xat v6i 8 chidn bao mon
khoang 3 mm, cac vi tri khac khéng
bi hu hong nhiéu.

Van dé dat ra la dua rotor cap 3
va 4 vao van hanh lai khi xay ra hu
héng nghiém trong:

- Chiéu day dia chdn trén
truc rotor giam c6 anh huéng dén
van hanh binh thudng va khi x3y
ra luc doc truc trong truong hop
€6 su ¢ con dam bao do bén, can
tinh toan kiém tra d6 bén cuia dia
chan cén ct trén chiéu day thuc té
bi suy giam.

- Chiéu cao canh rotor bi
giam, khe ha rotor va than may nén
khi gidm sé anh huéng 16n dén luu
lugng, cong suat va hiéu suat may
nén khi nén can phai tinh toan lai
luu lugng may nén khi ¢ thé van
hanh dugc véi tinh trang hién tai
sau khi phuc héi rotor cép 3, 4.

2.1. Tinh todn luc doc truc trén
rotor cdp 3, 4

Pé xac dinh lyc doc truc tac
dong lén rotor mdy nén khi, do
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chinh xac cla tinh toan &p suat phan phéi
trén mat truéc, mat sau rotor va van téc dong
khi theo huéng doc truc tao ra moment ap
suat trén dau vao va dau ra rotor can duoc
xac dinh.

Tinh toan luc doc truc nhu phuong trinh
(1), néu gia tri la am, chiéu luc doc truc tu
phia sau vé phia trudc rotor.

Lwc doc truc = Fopsc = Foqu (1)
Vi Frryse = Fa’p sudt truée + Fu (2)
Ry
de sudt truée = Ithzantr”éc (r) xdr (3)

Trong dé:

F__:T6ng luc tdc dong lén mat trudc

trudc
rotor;

F .. Téng luc tdc dong 1én mét sau rotor;

F : Luc do ap suat tac dong mat

&p suat trudc”

trudce rotor;

F : Luc do ap sudt tac dong mat

4p sudt sau®

sau rotor;

P__(r: Ap suét tinh hudng kinh mat

trudc

trudc rotor theo bién dang parabol;
F,: Moment do &p suat gay nén;
R,: Ban kinh dinh rotor;
R,h: Ban kinh moay-c rotor.

Ap sudt phan phéi mat trudc rotor nhu
bién dang parabol ti dau vao dén dau ra
theo phuang trinh:

Prusc(r) = Ar? + Br+ P, 4)
.4 (P1—Pp)

Véi A = koKD (5)

vaB = - (6)

(Rz—R3/Ry)
Trong do:

P__ (r): Ap suat tinh hudng kinh mat

trudc

trudc rotor theo bién dang parabol;
P.: Ap sudt tinh mat trudc rotor;
P,: Ap suét ctia xa rotor;
A, B: Cac hé s6 cta phuong trinh.
Moment do ap suat gdy nén dugc tinh

theo céng thuc:
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Van tc dong khi = ===p""
huéng doc truc

 YVVVYI|VY

Vax

Fy moment do ap suat gay nén
Hinh 11. Phan bd dp sudt trén rotor
Fy = MVgxq — MV

Trong do:
m: Luu lugng khong khi vao may nén;
V_,:Van téc dong khi theo hudng doc truc clra hut;
V_,:Van téc dong khi theo hudng doc truc clia xa.
Dai véi rotor dang huéng tam:

ThVaxZ = 0
Luc tdc dung |én phia sau cong tac:

R

Fsqu = Rszeal 271 Pygy (1) x dr

Trong dé:

R...: Ban kinh rotor tai vi tri 1dp b lam kin;

A ﬂ —-

P (n: Ap suét tinh huéng kinh mit sau rotor theo bién dang

trudc

parabol.

Ngoai ra moment do ap suat gy nén con dugc tinh theo céng thic:

Fy = m?—
Trong dé:

m: Luu lugng khi ngd vao rotor;

p: Khéi lugng riéng ctia khéng khi;

a: Dién tich clra vao rotor.

(10)

Theo thuc té rotor cap 3 - 4 nam cung mot truc vai 2 dau hat déi

X

xtng nhau nén luc tdc dung sé triét tiéu nhau; khi d6 vi tri tdm van hanh
trung vaéi tam hinh hoc cda rotor. Luc doc truc I6n nhat chi xuat hién khi
c6 su c6 “upset system” ddc biét khi bi héc khi, ap suat rotor cap 4 bi tang
vot gay dong nguac, trong khoang thai gian tuic thai do rotor cap 3 van
hat khi dan tdi chénh léch 4p sudt dot ngdt gay va dap gilia 6 chan va
dia chan.
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B = Bo lam kin B =
Fap sust trusc Fa’p suit sau j Fap sust sau Fap suat trusc

Vanh chan

Rotor cap 4

Rotor cdp 3
- Banh rang chinh

Hinh 12. Thiét ké ddi xing rotor cdp 3 va 4, triét tiéu luc doc truc
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Hinh 13. Két qud khi gidm chiéu day dia chdn xudng 4,5 mm van ddm bdo dg bén

ns
=

Ap suét dau ra cap 5 may nén

. ] ¢ Cai dat luu lugng
& 1 §tGi datai bo diéu
| i khiénQIC
] Il i -
o | ey
Luu lugng tai 103% tai nha may ———s essen TG00 F L]
Gy Luu lugng khdi lutgng du vao may nén ka/giox 109
Hinh 14. D4 thj hién thi diém vdn hanh mdi cia cum mdy nén khi
: 3 6]
1] s
~ #
g
b
Gaa
—
2}
o B |~ 1:Thdn mdy nén cdp 3; 2 Rotor cdp 3;
4 5 3: Bdnh rdng chinh, 4: Dia chdn truc rotor;
— — 5: 6.5 chn; 6: Than mdy nén khi cdp 4

Hinh 15. Ban vé Idp rotor cdp 3 - 4 trén mdy nén khi

Trudng hgp mady nén khi bi héc khi,
dia chan sé chiu luc 16n nhat, cha yéu do
moment ap suat va luc do ap suat phia
trudc va sau rotor cap 3; hiéu ctia 2 luc nay
ngugc chiéu vai chiéu cila moment ap
sudt; trong trudng hop nay coi nhu chi cé
luc do moment ap suat tac dong lén dia
chan:

1
Fu = mzp—a=15474 N o1

Can cu theo d0 day thiét ké va sau khi
boc tach 16p kim loai qua nhiét trén dia
chan khoang 4,5 mm thi dé bén cta dia
chan van dam bao chiu luc I6n nhat do tac
dung khi van hanh.

2.2. Tinh todn luu lugng mdy nén

Theo két qua kiém tra can gidm chiéu
cao canh rotor 1 - 1,5 mm doc theo chiéu
dai canh cua rotor cap 4, can tinh toan lai
cobng suat luu lugng may nén khi dat dugc
sau khi thay d6i. Theo thiét ké may nén khi
van hanh & 100% tuong Uing 56.002 Nm?3/
gid, can cu theo théng s6 kich thusc du
kién sau khi phuc hoi rotor, may nén chi
nén van hanh & 54.000 Nm3/giG (69.440
kg/gig) tuang Ung véi 102 - 103% tai cla
nha may.

Luu lugng dau vao rotor cap 4:

Q = blﬂlelé‘l = 1,7 m3/S

Tuong Ung véi 54.000 Nm3/gid.

Trong do:

b1: Bé réng rotor;

V,:Van téc dong khi dau vao may nén
cap 4;

D,: Budng kinh rotor cap 4;

g,: Hé s6 chiéu day canh rotor cap 4
I8y tir0,8 - 0,9.
2.3. Gidi phdp ky thudt phuc héi rotor

Trén cd s& tinh toan vé luu lugng may
nén khi sau khi gidm chiéu cao canh rotor
cap 4 van dam bao luu lugng khi cap cho
hé théng Nha may Dam Ca Mau.
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Hinh 17. Ldp ddt ddu do dich chuyén ctia rotor va cdu hinh tai hé thong gidm sdt

Tinh todn d6 bén dia chan khi giam chiéu day 4,5 mm, ddm bao cho may
nén khi van hanh binh thuéng cing nhu khi ¢ su ¢, nhom tac gia da dé xuat
gidi phap phuc héi va thay déi logic nham tang dé tin cay cho cum thiét bi.
Cu thé, vé phuong an thuc hién phuc héi, stia chira rotor cap 3 - 4 bi hu héng
theo cac buéc:

XU ly vét xudc tai vi tri dia chan s6 4 (giam xudng 4,5 mm);

Thém vong dém vao 8 d& chin dé dam bao khe hd 8 d& chan s6 5 nam
trong tiéu chudn 0,23 -0,31;

Diéu chinh lai tdm rotor s6 2 va tam banh rang chinh s6 3 bang cach chinh
8 d& chan banh rang chinh (néu léch);

Diéu chinh than may nén khi s6 1 va s6 6 dé ddm bao khe ha 2 rotor cap
3 va cdp 4 nam trong gia tri cho phép;

Can bang déng rotor 2 theo tiéu chuan 1SO 1940-1:2003 [9].
2.4. Thay déi vé logic

Dé dadm bao may nén khi van hanh an toan va tin cay tranh su c6 tucng
tu, nhom tac gia dé xuat thay déi logic nhu sau:

- Gidm sé lan d&€m xung hoéc khi kich hoat ditng may nén khi dé tranh bi
va dap khi diing néu bi héc khi;

- Tao cac canh béo cén thiét cho may nén khi trén hé théng diéu khién
phan tan va diéu khién PLC;

- L3p cac dau do véi dd phan gidi 1a 0,001 mm dé theo d6i d6 dich
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chuyén cla rotor cac cdp 1, 2, 3, 4 may
nén khi dé€ dam bao kich hoat dung
may nén khi khi cé dao dong doc truc
vuot qua gia tri cho phép [6];

- Thay déi logic khi kich hoat tur
tach tdi mdy nén khi sang diing hoat
dong khi xay ra su cé. Tin hiéu diéu
khién dimng khin cip sé dugc kich
hoat, khi d6 may nén khi chuyén sang
ché d6 dung theo logic, khi nén dau
ra dugc x3 khi ra moi trudng, may nén
gidm dan téc do va dimng han.

- Ngoai ra, theo diéu tra nguyén
nhan khi diing khan cap dé tach tai
mady nén khi khoi hé tiéu thuy, cac
van diéu khién c6 lap 04FV2011,
04FV2016 (Hinh 16) hé théng duoc
kich hoat déng ngay lap tuc, 10 giay
sau van xa 04UV2012 dugc kich hoat
dé xa ap cho dau ra may nén khi, dong
thdi van diéu khién 04UXV2211 déng
lai, cdc van IGV1, IGV 2 diéu chinh
luu lugng vao may nén khi déng, luc
nay van 04FV4203 sé diéu khién luu
lugng may nén khi dua theo tin hiéu
clia FT4209. Tuy nhién, theo logic luu
lugng tai FT2011 cling dung dé diéu
khién may nén khi, do bé tri sau van
xa 04FV4203, dan dén may nén khi sé
tang t8c va m& van IGV1, IGV 2 dé bu
luu lugng do tai vi tri nay luu lugng
giam dan vé khong dan dén tinh trang
hoc khi. DE ddm bao an toan can thay
déi logic, khi ¢ su ¢, may nén khi sé
tach tai khoi ho tiéu thu bang cach
dong cac van cé l1ap dau ra 04FV2011,
04FV2016, m& van xa 04UV2012 va su
dung FT4209 dé€ diéu khién may nén
khi kich hoat van xa 04FV4203, déng
thoi giad lap tin hiéu FT2011 & luu
luong t6i da khi dé sé dong van diéu
chinh luu lugng dau vao.

Viéc thay d6i dugc mé phéng trén
hé théng diéu khién tuy theo su c6 sé
kich hoat ditng may nén khi hay tach
tai may nén khi. K&t qua may nén khi
van hanh an toan trudc khi cai dat vao
hé théng diéu khién cum may nén khi.
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Hinh 18. Rotor cdp 3 va 4 trudc va sau khi phuc hoi
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Hinh 19. Théng sd ky thudt ciia mdy nén khi gidm nhung ddp ting yéu cdu cdng nghé
3. Két qua va thao luan

Song song véi phuc héi rotor cap 3 va 4, lap dat lai may nén khi, dau
do do dich chuyén cla rotor cac cdp 1, 2, 3, 4 cling dugc thiét ké, 1ap dat
va cau hinh trén hé théng giam sat tinh trang thiét bi. Trong trudng hgp co6
bat thudng vé cong nghé hodc co khi, anh hudng dén d6 dich chuyén rotor
vUugt qua gia tri cho phép sé ty dong kich hoat canh bao hodac truyén tin
hiéu sang bo diéu khién tu déng ding cum may nén khi. Viéc nay dam bao

an toan cho thiét bi va hé théng cong
nghé tranh xay ra hién tugng hu héng
tuong tu nhu trén.

Viéc ap dung phuong an phuc hoi
rotor cap 3, 4 da khac phuc thanh céng
cac hu hong, rotor sau gia cong dam bao
cac théng s6 ky thuat nhu dé bén, do
bong...

Sau khi dua may nén khi van hanh
tra lai, thong sé ap suat va nhiét dé dau
ra tai cdp nén 2, 3 va 4 c6 gidam nhe so véi
trudc do khe hg va bé rong rotor cap 4
da gidm khoang 1,5 mm so véi trudc thoi
diém hu hdng rotor, tuy nhién van dap
Uing yéu cau cdng nghé.

Thong s6 vé luu lugng mdy nén khi
tai dau ra cap 5 clia may nén c6 thé tang
[én muc khodng 54.000 Nm3/giG nhu
tinh toan & trén tuong Ung vai yéu cau
c6ng nghé dé nha may van hanh & muc
tai 102 - 103%. V& logic sau khi thay déi,
may nén van hanh an toan, én dinh tin
cay trong khi van hanh binh thuong va
khi c6 su c6 anh hudng dén cum thiét bi.

4.Két luan

PVCFC da nghién ctu, dé xuat cac
giai phap ky thuat nham phuc hoi rotor
va thay déi logic diéu khién thiét bi nham
dua thiét bi vao van hanh lai véi thai gian
t6i uu, tang d6 tin cay cho thiét bi trong
qua trinh van hanh binh thudng va khi xay
ra su cé. Gidi phap nay giam dugc chi phi
thay mdi rotor, rut ngan thoi gian phuc
hoi, stra chira thiét bi, khéng phai thué
chuyén gia, t6i uu nguodn luc thuc hién...

Dé tu chu trong céng tac bao dudng,
stta chlta, Chinh phu, cac bé/nganh can
xem xét ca ché chinh sach phu hgop dé
lién két cac don vi thiét ké ky thuat va gia
cong trong nudc, xay dung hé sinh thai
phuc vu cong tac bado dudng stfa chita tai
Viét Nam.
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ROTOR REFURBISHMENT AND RELIABILITY IMPROVEMENT
FOR CENTRIFUGAL AIR COMPRESSOR

Le Thanh Hai, Truong Anh Tuan, Nguyen Van Hien, Nguyen Thanh Tung, Nguyen Anh Khoa

Petrovietnam Ca Mau Fertilizer Joint Stock Company (PVCFC)
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Summary

The paper presents the rotor refurbishment solution for centrifugal air compressors at Ca Mau Fertilizer Plant, which was carried out
entirely with domestic resources based on the results of rotor inspection and evaluation of the axial thrust force and the strength of rotor
thrust disc. Calculation of equipment capacity after refurbishment has also been performed by Petrovietnam (a Mau Fertilizer Joint Stock

Company (PVCFC) to ensure that the device operates at an optimal load.

Key words: Reliability, centrifugal air compressor, rotor refurbishment, surge, Ca Mau Fertilizer Plant.
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