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MO HINH THYU'C NGHIEM MON CAP MA SAT TRUC — BAC TRONG
HE THONG LOC BUI TINH BIEN CONG NGHIEP

EXPERIMENTAL MODEL OF WEAR OF FRICTION PAIR “C-BUSHING AND
SHAFT BUSHING” IN INDUSTRIAL ELECTROSTATIC PRECIPITATOR SYSTEM

Nguyén Thi Ngoc Huyén', Lé Pirc Bao!, KS. Hoang Tuin Anh?
'"Pai hoc Bach Khoa Ha Noi
2Vién Nghién ctru Co khi, B Cong Thuong

TOM TAT

Hé thong loc bui tinh dién trong cong nghiép la mot trong nhu’ng phuwong phap loc bui va
lam sach khéng khi ¢6 hiéu qua cao, hién nay dwoc sir dung phé bién trong cdc nha may nhiét dién.
Bén canh vwu diém nhu vay thi hé thong loc bui tinh dién ciing co nhuoc diém I6n do lam viéc trong
moi truong khdc nghiét voi nhiét do cao, moi truwong bui ban khong dwoc boi tron dén t6i cac bo
phan, cum chi tiét co khi ciia hé thé'ng loc bui tinh dién bi mai mon, hong hoc nhanh can phai bao
duwéng, thay thé. Do d6, bai bdo nay dwa ra nghién civu vé ma sat, mon cdp truc — bac, la mét trong
cac cum chi tiét quan trong cua cum truc bua go cuc Icfng trong hé théng loc bui tinh dién cong
nghiép, anh huwéng khéng nhé dén hoat dong lién tuc va chat heong loc bui. Két qud buéc dau da
xac dinh mo hinh thuc nghiém thé hién méi quan hé giita lwong mon tcfng cong U cua cap truc —
bac phu thudc dong thoi vao ca ba yéu té: nhiét do (T, °C), nong do bui (B, g/m?) va tdi trong (P, N)
trong diéu kién lam viéc hé théng loc bui tinh dién trong nha may nhiét dién.

Tw khoa: Luong mon,; Cap ma sat truc — bac, Pdc tinh ma sat; Loc bui tinh dién.
ABSTRACT

Industrial electrostatic precipitator systems are one of the highly effective dust filtration and
air cleaning methods currently commonly used in thermal power plants. Besides such advantages, the
electrostatic precipitator system also has major disadvantages due to working in harsh environments
with high temperatures and unlubricated dusty environments. This leads to the mechanical parts
and assemblies of the electrostatic precipitator system becoming worn and damaged quickly and
requiring maintenance and replacement. Therefore, this article presents a study on friction and
wear of the shaft — bushings pair, which is one of the important details of the settled percussion
hammer shaft assembly in the industrial electrostatic precipitator system, significantly affecting the
dust filter performance and quality. The results have identified an experimental model showing the
relationship between the total wear of a pair of bearings depending on three factors simultaneously:
temperature (T, °C), dust concentration (D, g/m’) and load (P. N) under working conditions of
electrostatic precipitator system in thermal power factory.

Keywords: Linear wear; Journal bearing; Electrostatic precipitation.
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1. PAT VAN PE

Truc — bac 1a cap chi tiét dién hinh trong
cac két cau may lién quan dén cac bd phan
chuyén dong, dugc sir dung trong nhiéu nganh
cong nghiép khac nhau. Bac c6 chiric nang nang
dd cac bo phan chuyén dong, giam ma sat va
cling la bé mat chiu mon co thé thay thé. Bac co
thé chiu luc hudng tam, luc doc truc hoac vira
chiu lyc hudéng tam vura chiu lyc doc truc, vé
co ban ¢6 hai loai duoc thé hién & hinh 1 gém:
Bac truot (6ng 10t) (a) va Bac chéng ma sat
(b) [1, 2]. Viéc st dung va chu ky thay thé bac
phu thudc vao diéu kién lam viéc, moi truong,
diéu kién boi tron, vat liéu va cac yéu t6 khac.
Mon cuia cdp ma sat truc — bac 1a nguyén nhan
chinh gay ra hu hong va giam tudi tho cua cac
két cAu co khi. Tdc dd mai mon tang do do sai
léch kich thudc cua cac bd phan (tai khong doi
xtng, khe ho, quy dinh ctia nha san xuat) [3].
Mon cua cap truc — bac trong h¢ théng loc bui
cong nghiép anh huong khong nhé dén hoat
dong va chét lugng loc bui. Nhiéu nghién ctru
clia cac tac gia trén thé gidi vé hé thong loc bui
chu yéu tap trung t6i wru hidu suat va cac yéu t6

anh huong.
P | PO &
Bac 6 kim

Bac truot Bac ghép Bac 6diia  Bac dan

a) Cac loai bac trugt b) Cic loai bac chéng ma sat

Hinh 1. Hai logi bac co ban

Anh huong cua kich thudc hat bui,
né)ng do bui hay tdc do bui cling nhu su tang/
giam nhiét dg, dong dién &p dugc nghién ctru
lién quan tryc tiép dén hiéu suit lam viéc cua
toan bo hé thong loc bui [4-7]. Tac gia Tadeusz
Dziubak, Sebastian Dominik Dziubak va J.
Warczek dd cho thiy ba thong s bui: kich
thudc hat, d6 cing va ndng do6 bui trong khong
khi anh huéng dén d6 mai mon, ting toc mon

clia cdp ma sat: piston, vong piston, 6ng 16t xi-
lanh va 6 trugt [8, 9]. Nghién ctru cia Amandine
Regis, Jean-Marc Linares va cac cong su cling
chi ra sy mai mon cua 6 trugt do chiu tai trong
dong léch tim trong moi trudng khic nghiét
cua nganh hang khong [10]. Nghién ctru [11]
gan day nhat da gii thiéu mot phuong phap
ci tién giam ma sat sat, mon 6 trugt khong can
boi tron béng cach ché tao tir vat liéu thép —
ddng, trong d6 truc 13 thép hop kim va bismuth
oxit thong qua xir Iy laser xung ngin. Nghién
ctru trong nudce [12] nghién ciru vé tdi wu hoa
lwu lugng dong khi trong budng loc dé nang
cao hiéu suét loc bui tinh dién. Ngoai ra la céac
nghién ctru vé anh hudng ctia moi truong nhiét
am dén cac cap ma sat khac nhau nhu: dudng
dan hudng, truc vit me dai ¢ bi, chdi than — ¢d
gop, V.v.

Bai bo nay trinh bay nghién ctru dong
thoi cua cac yéu td vao gdm ca ba yéu td: nhiét
d6 (T, °C), ndng do bui (B, g/m?) va tai trong (P,
N) dén mon cua cap truc — bac cum truc bua go
cuc léng trong hé théng loc bui tinh dién, anh
huong truc tiép dén hoat dong loc bui cta hé
théng.

2. THIET BI THU'C NGHIEM

2.1. Cap ma sat truc — bac (bac ghép) trong
hé théng loc bui [13]

Xu ly bui cong nghiép 1a nhiém vu quan
trong cua cac nha may san xuét, dic biét 1a nha
may nhi¢t dién, nham giam thiéu su phat tan
va tac hai cua bui ra moi truong xung quanh.
Bén canh do, bui bam va phu 1én cac cum chi
tiét, trang thiét bi san xuét 1am hao mon, giam
kha nang trao doi nhiét, giam tudi tho cia thiét
bi. Trong cdc nha may nhi¢t luyén, thuong su
dung phuong phap loc bui tinh di¢n véi hi¢u
suét loc bui cao, xur 1y bui 16n, thu hdi duge ca
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bui kho va udt. Trong ndi dung nghién ctru nay,
cap truc — bac dugc st dung trong thiét bi truc
bua gd cuc ling, mot trong nhiing thiét bi quan
trong co6 vai tro lam rung theo chu ky va lam
sach hang dién cyc lang twong tmg. Cac cip
truc — bac dugc bd tri trong thiét bi truc bua go
cuc léng duoc thé hién trén hinh 2.

T o ling. ey

Hinh 2. Cum truc — bac trong thiét bi biia g0
cue ling

Diéu kién 1am viéc ctia cip ma sat bac
16t truc va bac chir C: chiu anh hudng cua tro,
bui do qué trinh dbt than tao ra, néng d6 bui dau
vao lén tdi 38,62 g/m?; Nhiét d6 cua moi truong
lam viéc cao, c6 thé dat hon 120°C do ludng khi
tro, bui dugc thoi vao tir 16 hoi vira dbt va giam
nhe khi qua budng siy; Tc d6 dong khong khi
<0,2m/s. Tdc d6 quay cua truc: 0,27 [vg/phit].
Ngoai ra, cac khi thai sinh ra trong qua trinh d6t
than da nhu CO, NO_, va SO, cling 1a nhing
tac nhan gay oxy hoa, gdy mon nhanh hon. Tai
trong tac dong 1én h¢ thong gom co truc bua va
btia. Mdi truc bua @50mm dai 5200mm va gom
c6 17 bua va 4 bé dd truc. Do d0, tai tong cong
tac dong 1én b€ do truc 1a 165 kg.

2.2. Thiét bi thue nghiém

Thiét bi thuc nghiém duogc thé hién &
hinh 3. Bac ghép (7) duoc lip cb dinh trén truc
(5) va dugc dat trong hdp tao moi truong bui
va nhiét do cao, chuyén dong cua truc — bac
duoc dan dong bang dong co dién thong qua
bo truyén dai. Kich thudc cua cap truc — bac
thtr nghiém dugc thé hién hinh 4. Nhiét do lam
viéc trong hop 9 duoc khdng ché boi day may
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so nhiét. Tai trong (8) duoc tao bdi co ciu thiry
luc. Van tde gi6 dugc xu ly nho quat gié dat
trong hop 9, néng d6 bui dugc dua vao dat phu
hop véi diéu kién 1am viéc tai nha may nhiét
dién.

Hinh 3. H¢ thong thiét bi thir nghiém

W i ma edi
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Hinh 4. Mat cat cap ma sat truc — bac ghép (bac
ot va bac chir C), trong do: I - Bac chir C; 2 - Bac
lot; 3 - Truc; 4 - Géi do bac chir C

bac tinh k¥ thuat cia may thir mon:

- Kich thudc khuon kho may (Dai x
Rong x Cao): 1156 x 486 x 750 mm;

- Tai trong 16n nhét: P__ =4000N;
- Cong suét dong co chinh: N =5KW @ =
1440v/ph);

- Cong suat dong co bom dau: N,=1,5
KW (n, = 1440v/ph); ‘

- Kich thudc budng thur tao méi truong
(Dai x Rong x Cao): 320 x 250 x 260 mm,;

- Nhiét do thu: (80 + 120)°C;

- Tai trong tha: (300 ~ 500)N.

Két qua do do mon cua cdp chi tiét bac

chit C va bac 16t truc dugc do bang thude kep
dién tir Mitutoyo 150mm d6 chinh x4c 0,0 1mm.

&
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2.3. Thiét ké thi nghiém

Thiét ké thyc nghiém dugc thyc hién
theo phuong phap quy hoach Box-Behnken véi
ba yéu t6 anh huéng: nhiét d6 (T), nong do bui
(B), tai trong (B), s6 cac thir nghiém voi tim 1a
3, do d6 s6 thi nghiém can thyc hién n = 2k(k-
1) + C, (trong do, k 1a s6 thong sé dau vao, C,
la s6 thi nghiém & tam quy hoach) twong tng la
15 thi nghiém. Yéu t6 tht nhat 13 tai trong thay
d6i tir 300 + 500 N, hai yéu t6 nhiét ¢ va nong
dd bui c6 pham vi bién d6i phu hop véi didu
kién lam viéc cua cdp ma sat trong hé théng
loc bui: nhiét do thay doi tir 80 + 120°C, nong
d6 bui 40 + 100 g/m®. Ham muc tiéu dau ra la
lugng mon téng cong ciia bac ghép sau quing
duong ma sat L = 11km.

Xac dinh cac yéu t6 dau vao cho mé
hinh ly thuyét ba yéu t6 nhu bang 1.

Bdng 1. Cdc yéu té anh huong

Bdng 2. Bang dit liéu két qua do mon bac ghép

Cic yéu t6 anh hwéng Gia tri mi hoa

Téi trong P (N) 300 | 400 | 500

Nhi¢t d6 T (°C) 80 100 | 120

Nong do bui N (g/m?) | 40 70 | 100

Két qua do mon ctia mau bac ghép thir
gom bac 16t va bac chit C dugc lam bang thép
30X13, tryc 1a thép 40X dugc dua vao bang 2.

Cic thong s6 vao Hégléll:u‘lc

STT| 14 | Nhiét |Ndngdp| Lugng

trong doT bui B mon U
PN | (O | (g/md) (mm)
1 400 100 70 3.83
2 400 80 40 3.57
3 300 100 40 2.43
4 400 120 100 3.97
5 300 80 70 231
6 500 100 100 4.75
7 500 80 70 4.35
8 400 100 70 3.85
9 300 100 100 2.90
10 400 120 40 3.86
11 400 80 100 3.65
12 300 120 70 2.86
13 500 100 40 4.53
14 400 100 70 3.86
15 500 120 70 4.83

3. KET QUA VA THAO LUAN

Xtr 1y s6 liéu bang phan mém Design
— Expert, ta thu dugc két qua vé mo hinh hdi
quy va phan tich phuong sai. Phan tich phuong
sai dir liéu duoc thé hién & bang 3. Két qua
cho thdy mo hinh phu hop véi dit liéu va dam
bao do tin cdy quyét dinh boi gia tri P-value (<
0.05).
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Bang 3. Phan tich phuong sai

Source Sum of Squares df Mean Square F-value P-value
Model 8.5 9 0.9448 87.69 <0.0001
P-Tai trong 7.92 1 7.92 735.08 <0.0001
T-Nhiét do 0.3260 1 0.3260 30.26 0.0027
B-Nong d6 bui 0.1024 1 0.1024 9.50 0.0274
PC 0.0012 1 0.0012 0.1137 0.7497

PT 0.0156 1 0.0156 1.45 0.2824

TB 0.0008 1 0.0008 0.0702 0.8016

P2 0.1216 1 0.1216 11.28 0.0201

T2 0.0223 1 0.0223 2.07 0.2098

B2 0.0006 1 0.0006 0.0553 0.8233

Do d6, mé hinh hdi quy phu hop 1a: 4. KET LUAN

U = -4.25833 + 0.02395*P + 0.010094*T +
0.003771*B — 0.000018*P> [1]

Tir phuong trinh héi quy thuc nghiém
[1] cho thay ham hoi quy thé hién mbi quan hé
giita lwgng mon phu thudc dong thoi 16 rét vao
ba yéu t6 tai trong, nhiét do va ndng do bui va
o0 muc do khac nhau. Lugng mon tang khi tang
tai la phu hop tuan theo quy luat thuc nghiém
da c6 trong cac nghién ctu cong bd. Sir dung
phan mém nay c6 thé xac dinh bo thong s6 phu
hop dé giam mon dugc thé hién trén hinh 5.
Két qua cho thay anh huong ctia ndng do bui 1a
dang ké, véi gia tri né)ng d6 bui tai vung ma sat
thap nhat thi lugng mon giam. Su tac dong cia
nong do bui va nhiét do 1a dong thoi.

Lufging s, [rem

\ |
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Hinh 5. Puong dong mirc véi bd thong so toi wu

B Wl 300
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Bai bao trinh bay nghién ctru thuc
nghiém vé mbi quan hé gitra lwvong mon tong
cong véi cac thong s6 dau vao tai trong, nhiét
d6 va nong d6 bui. M6 hinh hdi quy cho thay
su tac dong dong thoi ciia ba yéu td va cho
thiy yéu t6 nong d6 bui trong viing ma sat anh
huong dang ké dén qua trinh ma sat, mon cip
truc — bac trong diéu kién lam viéc thuc té tai
nha mdy nhiét dién. Pay 13 co so dé thuc hién
du bao mon va tudi tho cta bac dé dé xuét chu
ky thay thé ciing nhu nghién ctru vét liéu phu
hop nang cao nang suat loc bui, dam bao tién
d6 hoat dong ctia hé thong. <%
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