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Dy an “Day manh hoat déng tiét kim nang lwong trong cac doanh nghiép cang nghigp Iom thong qua hé thong
quan Iy nang lwong va toi wu héa hé thong va thue hanh TKNL trong cac DNVVN tai Viét Nam” (IEEP)
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CHUONG TRINH PAO TAO
TOI UU HOA HE THONG DONG CO
Tw 25 den 26/09/2025
Khach san Adonis - 55 Quang Trung, P. Hai Ba Trung, Ha Noi
Ngay 1
Thoi gian N¢i dung Nguoi trinh bay
8.00 - 8.30 bang ky hoc vién
8.30 - 8.40 Phét bicu khai mac Dai dién Vin
phong Dy an IEEP
8.40 - 10.00 Phén 1: Tong quan vé hé thong dong co trong | Chuyén gia qudc té

cong nghiép

- Tam quan trong ctia dong co dién trong tiéu
thu nang luong cong nghiép

- Céc loai dong co phod bién va mg dung

- Tdng quan vé ton thit nang luong trong hé
thong truyén dong

10.00 - 10.15

Nghi gitra gio

10.15 - 12.00

Phan 2: Nguyén Iy van hanh va hi¢u suit dong

co dién

- Hiéu sudt dong co va cac cap hiéu suat (IE1—
1E4)

- Ton thit trong dong co va anh hudng cia tai
trong

- DPuodng dac tinh va hi¢u suét theo tai

Chuyén gia qudc té

12.00 - 13.15

An trua tai khich san

Toan bd 16p hoc

13.15-15.00

Phan 3: Thanh phan cia hé thong truyén dong

- May bom, quat, may nén — mbi lién hé véi
dong co

- Anh hudng cta phu tai, hé truyén dong, diéu
khién

- Puong dic tinh hé thong va diém lam viéc

Chuyén gia qudc té

15.00 - 15.15

Nghi gitra gio

15.15-16.45

Phin 4: Phan tich hiéu suat hé thong dong co

- Céc chi sb danh gia: tai phﬁn tram, do l1éch tai,
cong suét tiéu thu

- Céch thu thap va phan tich dit liéu van hanh

- Thuc hanh: Poc két qua do va nhan di¢n co
héi tiét kiém

Chuyén gia qudc té
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BO CONG THUONG va tdi wu héa hé théng va thuc hanh TKNL trong cac DNVVN tai Viét Nam (IEEP) Y i CONG NGHIEP LIEN HOP QUOC
Ngay 2
Thoi gian Noi dung Nguoi trinh bay
8.00 - 8.30 Dang ky hoc vién
8.30-9.00 - Hoéidéap Chuyén gia quoc té
- Tong ket lai kién thire cua Ngay 1
9.00 - 10.00 Phan 5: Gidi thi€u va cai dat phan mém MSO | Chuyén gia qudc té

Tool
- Muyc dich va cau tric cong cu MSO
- Giao di¢n phan mém va cac module chinh

10.00 - 10.15

Nghi gitra gio

10.15 - 12.00

Phin 6: Phan tich chi tiét véi MSO Tool

- Thuc hanh: Nhap thong s6 k¥ thuat va dit liéu
do luong

- Xéc dinh tai trong, hi¢u suét, ton that

- Pénh gia tiém nang tiét kiém ning lugng

Chuyén gia quéc té

12.00 - 13.15

An trua tai khach san

Toan bd 16p hoc

13.15-15.00

Phan 7: Pé xuit giai phap toi wu héa hé thong
- Thay thé dong co hiéu suat cao

- Ung dung bién tan (VSD/VFD)

- T&i wu hoa hé truyén dong va bao tri

Chuyén gia qudc té

15.00 - 15.15

Nghi gitra gio

15.15-16.30

Phan 8: Bai tip thwe hanh tong hop (Case

study)

- Phan tich mot hé théng dong co thuc té

- Thyc hanh st dung MSO Tool dé dua ra giai
phap

- Tinh toan chi phi dau tu va loi ich tiét kiém

Chuyén gia quéc té

16.30 - 16.45

Phin 9: Tong két

- Rt ra bai hoc & diém luu y khi trién khai thuc
té

- Goi y cong cu hd tro: MEASUR,
MotorMaster+, VSD toolkit

- Pénh gia va phan hoi vé khoa hoc

Pai dién Van
phong du an 1EEP,
Chuyén gia qudc té
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DAO TAO DOANH NGHIEP
TOI U HOA HE THONG BONG CO’

(Nguoi trinh bay: Siraj Williams)
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Chao mwng...

* Tén

T6 chirc

Kinh nghiém quan ly nang lwong

* Ban mong mudn hoc duoc gi
trong nhirng budi dao tao nay?




Loi cam on

UNIDO (T6 chirc Phat trién Cong nghiép Lién Hop Quéc)
*Marco Matteini, Vienna

Tac gia chinh
*Gido su Anibal T de Almeida, B6 Pao Nha
*Tién si Hugh Falkner, Vuwong quéc Anh

Muc tiéu khoéa hoc

Tai sao chung ta & day?

Hoc héi 1an nhau va chia sé kinh nghiém ciing nhu kién thirc
chuyén mén

Nam virng kién thirc co ban vé hé théng truyén dong st dung
dong co dién

N3m bat mot cach cé hé théng cac phwong phap danh gia va toi
wu hdéa hé théng truyén dong bang dong co dién
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bé cwong khéa hoc — Pao tao doanh nghiép

1. Téng quan vé UNIDO 10.
2. Gidithiéu vé t6i wu hoa déng co (MSO)  11.
3. Cdch tiép can hé thong 12.
4. Cong nghé dong co dién 13.
5. Tiéu chuan dong co dién 14.
6. Lwachon dong co mai 15.
7. Van hanh va diéu khién doéng co 16.
8. Bom 17.
9. Quat

18.

19.

Khi nén

Ung dung khac

Chat lwvgng dién ndng va hé s6 cong suat
Hé théng truyén dong co khi

B3o tri va stra chira

Thuyc hién ddnh gid MSO

Cac céng cu phan mém

Xay dung cac truong hop kinh doanh cho
MSO

eMobility va lwdi dién thong minh
Hwéng dan dao tao MSO

Phan 1

Tong quan vé UNIDO
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Cac muc tiéu phat trién bén virng ciia UNIDO

g@} _ CACMuUCTIEU
PHAT TRIEN BEN VUNG (SDGs)

fidid
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Muc tiéu ciia chwong trinh hiéu qua nang lwong trong cong
nghiép (IEE) cia UNIDO N
Lam viéc cung cdc d6i tac va cac bén lién
quan dé:
» Tang cwéng cac khudn khd chinh sach va quy 19 o
dinh dé& dat hiéu suat nang lwong (EE) tét hon el
va bén virng trong cdng nghiép

] Wll’m:wl
« DAy nhanh viéc ap dung va phd bién réng rai Tl e

cac céng nghé va thyc tién tét nhat vé hiéu qua
nang lwgng trong céng nghiép (IEE)

- Tiét kiém nang lwong va gidm phat thai khi nha
kinh (GHG) cua nganh céng nghiép

* Tich hgp EE vao cac hoat déng kinh doanh
hang ngay clia nganh céng nghiép dé tang nang
suét va kha nang canh tranh mét cach bén virng

Nang lwe canh tranh
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Danh muc chwong trinh hiéu qua nang lwgng cua UNIDO

30 Quéc gia
Armenia
Belarus
Burkina Faso
Chad

Chile

China
Colombia
Ecuador
Egypt
Georgia
Kazakhstan
India
Indonesia
Iran
Macedonia
Malaysia
Maldives

Mexico &

Moldova
Myanmar
Pakistan
Philippines
Russia
South Africa
Thailand
Tunisia
Turkey
UAE
Ukraine
Viet Nam
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Hestdngdekén  khai day du cac dw an dwoc dé xuat
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Tac dong tir chwong trinh UNIDO-GEF EnMS ISO 50001- ESO

7,500 GWh
Nang lugng cubi
cung tiét kiém

~ Murc tiéu thu nang lvong Hoac San luvgng dién trong Hoac Tuwong dwong lugng phat thai CO,
hang ndm cuta 1.230.000 5 nam cla 400 cla 1.875.000 6 t6 hang trung
hé gia dinh tai EU tuabin gié 1 MW (chay 12,500 km mdi ndm)

> Trong 1-2 nam dau, cac td chirc c6 thé dat duwgc mirc tiét kiem ndng lwong tir 4% dén 15% trén
pham vi toan hé théng, ma chi can rat it hodc gan nhu khong can vén dau tu ban dau

> Téng murc tiét kiém chi phi tich Iy cia cdc doanh nghiép thu hwdng wdc tinh vuot qua 250 triéu
USD, chua tinh dén cac lgi ich phi ndng lugng
> Gidm phat thai truc tiép khi nha kinh tvong dwong hon 4,8 triéu tCO,

» Mot danh muc dau tw bén virng vé Hiéu qua nang lwgng cong nghiép (IEE) da dwoc xdy dung

10
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Phan 2

Gi&i thiéu vé Toi wu héa déng co (MSO)

=
-
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Moi quan hé gitta EnMS va ESO’s

Toi uu héa cac hé thong
T6i uu hé théng quat
Trién khai T6i wu hé théng déng cg

hé thong Quan ly
nang lucdng

= | T6i uu hé théng khi nén
T6i uu hé théng bom

T6i vu hé théng hoi

12
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Chu trinh dao t SO s chung i oo 3 o it ORSTRRERIRER}— (oo rao s, |
U trin d0 tao M TTH

Cac yéu t6 chinh:

* L&p dao tao nguwoi str dung

* L&p dao tao chuyén gia va trinh
dién tai hién trwong

» Danh gia riéng cho trng nganh
cobng nghiép cu thé

+ Bai kiém tra cubi khoa

Hurdmg dén céc ki sur nhd may,
| ngudi van hanh va phin vidn bao
2-3 thing | tri cia doanh nghigp, ciing nhi cic
e i cung cdp thidl bi va dich vy

® M b ®

Quat Khi nén Bam Bong co

BAD TAD CHUYEN GIA

I [56 | 1y thuyét va huting din thyc

HEEE| o gis thyc té 6 |
| M9 | hanh vé danh gla cdng nghiép

1] tal tifng nganh
] doanh nghiép
3-6 Thing |

[34]
| Tudn

Bdo cho vit
thuyét trinh

HOAN THANH CHUONG TRINH

— o
Gn t3p va bal hoc Dénh gid cubi LE 3t nghidp ‘
Kinh nhigm khéa ! (% B

Truyén thong

va pho bién

'-a < Global
"« Gateway L
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Tai sao chiing ta str dung dong co’ dién?
beé truyen dong cho mét (bng dung co khi
(lubn dwoc lién két voi mdt co cadu nham tao ra chuyén dong dé sinh coéng)

Nhwng...

+ Pong co tdn chi phi I&p dat va
bao tri

v

+ Bong co tiéu thu nang lwong, trong
khi ngudon cung nang lwgng hién
nay dang bi han ché
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Tai sao chung ta tap trung vao dong co dién?

Céng nghiép 9566 TWh
Giao théng vin tai 420 TWh
Dan dung 6072 TWh
Thuwong mai va dich vy cng 4849 TWh
Khac (Néng nghiép v danh bt thity san) 1940 TWh
| Téng 22,847 TWh

IEA (2019):

* 53% lugng dién trén thé gidi
st dung cho cidc hé théng
doéng co dién (12,100 TWh)

e Tuwong duong lugng phat thai
6 Gton CO,eq

15
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Pong co dién trong cong nghiép

Khac
(27%)

bong co

Mtrc tiéu thu dién nang trong khu vire cong nghiép cta Lién minh Chéau Au

Nguén: ISR — Pai hoc Coimbra (2012)"

béng cor 73%

16
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Dong co dién trong cong nghiép

Vi Y
Mirc tiéu thu dién cua cac nganh céng nghiép

Murc tiéu thu dién cda hé | 200 + Twhymim
théng dong co theo ting | 160 |
nganh cong nghiép ooy | 120

‘nfnllmn

Khodng san  Gidy, bot gidy Thucphdmva  Héachdt Satvathép  Mdy mécva
ki

phi kim vain dn thudc 1a im loai
\_ O Ddng cd B Thiét bi dién khéc J
17
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Tiéu thu dién nang cta hé thong dong co’

theo dai cong suat déng co’
'a

250
200 +
150 + | el
100 +

50+

0‘0 ‘_d—l t T T T T ¥ ¥
10,075 [0.75:4] [410f [10;30f [30;70[ [70;130] [130;500( [500, —[
Dai cong suat

\ B Mlrctiéu thy E—3 Cong sudt —=— Gid 4

18
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Tiéu thu dién nang cua hé théng dong co theo rng dung

May bom, quat va may
nen khi chiém 56% cac
&ng dung cong nghiép

May nén lam lanh
(7°%)

Quat
(16%)

Béang tai
(2%)

(35%)

Bom
(22%)

Tiéu thy dién nang trong nganh céng nghiép cua Lién minh Chau Au

Ngudn: ISR — Dai hoc Coimbra (2012)

19
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Muc tiéu cua MSO
Tai sao chung ta & day?
« Cac hé thdng dong co trong moi e s
trvong cong nghiép va thwong
mai trong hau hét cac trwong hop ™™
déu cé thé duoc t6i wu hda :: | )
» Cai thién hiéu suat nang lvong ..
sé dan dén giam chi phi nang .
lwong :
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B0 OB THTENG Gamay

I-w

Panh gia & Thao ludn

« Tai sao chung ta quan tdm dén t6i wu hoa hé théng dong co?

« Céc tai co khi ndo la wng dung phd bién nhét ctia dong co?

21
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Phan 3

Pong co: Cach tiép can hé thong

22
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Nghién ctru: Péng co’ dién trong hé thong bom

Péng cd co hiéu suat
Cong it o 100

tiéu chudn 90%
STD 60% Luu lugng dau ra dinh mirc

° Déng Co dang Vén hanh & téC 66 téi dava dén déng may bom. Ngudn: de Almedia, A&Ferreira, F&Both, D 2004
* May bom dang cung cap chat 1dng cho qua trinh san xuat.
* Qua trinh yéu cau 31 don vi cong suat. o .
« Van tiét lwu dwoc st dung dé diéu chinh lwu lwong & mirc 60% How efficient is the
cong suat cwc dai cha bom va dwgc van hanh thd céng boi system?
nguwoi diéu khién.
* Dong co' ¢ hiéu suat 90%. &

23
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Hiéu suat cua hé thong dong co dién
F P
Pong co:  |Muoror = ourpur (USEFUL) _ _ Fsparr (P =T - )
})]NPUT P ELECTRICAL

Hé théng _ . IJuseful
77 system ~ 77 VsSD nmotor ) 77 transmission 77 end—use — 15
input

Vi,
n — hiéu sult ;P — Cong suét; T — Md-men; o — Tdc do quay; VSD -Bg§ bién d6i toc do

24
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Nghién ctru: Péng co’ dién trong hé thong bom

Van tiét luu

Hiéu suit = 66%

Pdng cd cb hiéu sudt
tiéu chudn 90%

Khdp néi
Higu sudt = 98%

Cong suat vao 100

Cong suat ra 31

Bom
Hiéu sudt = 77%
STD 60% Luu lugng dau ra dinh mic

Hiéu suat cla hé théng |13 tich hiéu suat cla cac thanh phan riéng 1é

ca ~. — sk sk ES %k
* Hiéu suat (n)_nmotor ncoupling T‘lpump Nihrottle T]pipe

Nhu vay cé phu hop ?
= 90% * 98% * 77% * 66% * 69%

25
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Nghién ctru: Chi cdi thién hiéu suat dong co’
Van tiét luu
; Hiéu sudt = 66%
I
Khdp ndi T
Higu sudt = 98% Bbu'dng dng

Hiéu sudt = 69%

Cong suat vao 95 Céng suat ra 31

Hiéu sudt = 77%
HEM 60% Luu lu'gng diu ra dinh mic

P PN * * * *
Hiéu suat m&i (n) = Nyot0r Neoupling ~ Mpump ~ Mihrottle ~ Mpipe

Nhu vay cé phu hop ?
= 95% * 98% * 77% * 66% * 69%

26
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Nghién ctru: Cai thién hiéu suat toan bd thanh phan hé théng

vsD Béng co higu sudt cao
Higu sudt = 9505  Higu suit =95%

Cong suat vao 43

* Thay van tiét lvu bang VSD ; )
+ L3p dat ddng co dién hiéu suat cao Hiéu suat moi cla hé théng (1‘[) =72%
* Cai thién khép néi truyén déng
+ L3p dat bom hiéu suat cao hon
+ L3p dat dwong 6ng cé ma sat thap

— Ma sat dudng ong thap
S — Hiéu sudt = 90%

i Cong sudtra 31
Thém hiéu suit Bam

Higu sudt = 90%
HEM 60% Luu lwgng dau ra dinh mirc

Chung t6i da tao ra mét nha may dién
ao tri gia 57 don vi cong suat

27
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T6i wu hoa: Str dung phwong phap tiép can hé thong

« S&r dung phuong phap tiép can hé théng, thuwdng co thé dat dwoc mire tiét kiém
ttr 5-40%.

« O cAp d6 thanh phan, viéc chi thay thé déng co bang mét dong co hiéu suét cao
hon thwong chi mang lai khoang 1-4%.

P

— Trwéc tién, danh gia nhu cau tai

" Danh gia toan bo hé théng, xac dinh co hoi cai
,—.\ thién v&i chi phi thap trong hé thong

Chung ta sé bat
dau tw dau ?

" cubi cung, danh gia dong co va bd chuyén dong
|_‘ cua hé thong

28
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Hé thong ddng co’ dién

Nang lugng vao < ~
3 pha Phan hdi cd khi va dién tir quy trinh / tir day

Text

29
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Chon 20 hé thong déng co hang dau

Ly twéng la tao ra mét danh sach tw
10-20 hé théng dong co dé xem xét

Danh 30-60 phut cho méi hé théng dé danh gia
va xac dinh mdrc do wu tién

30
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Sang loc so’ cap va thir cap

Sang loc so cap Sang loc thir cap
| Toan b hé théng  ——> Tai I6n van hanh L*Téli ly tam I8n van hanh
I dong cd cia nha may thuding xuyén I thuding xuyén
l |
| [ singlct || sanglc2 |
] ] |
: Téi nhé, it st dung - kl;éﬁr;gél: tta‘?? y 8l |
| [
I
|| cécchinh sach
én
a thuc ti &
I A Uu tién trung bint‘l Uu tién cao 1|
| | ohét
|
e ] i e
31
9: Glnbel - o]

nies s 3w s ity
S s sty e g

Phan tich hé thong dong co: Bat dau véi ngudi dung cudi

Tién hanh phan tich bdt dau tir cong doan noi ndng lvgng cudi cung
dugc tiéu thy, sau d6 truy ngugc dan vé phia nguén cung cap
BG truyén dong dién (a) Pong ca (b) Hé thong truyén dong (c) Thiét bi dan déng (d)

57% nang lugng
hitu ich

Nguén dién dau vao

Hao phi dién ning 5%  Hao phi déng co 8% Hao phi hé thGng truyén Hao phi quat (28%)
' dong 10%

Niing lwong bi ton hao tai mdi khau ciia chudi hé thong. Cin xac dinh cic dang ton that va wu tién cic co
hoi cdi thién c6 hiéu qua cao nhat

32
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Tra 1&i nhirng cau hoi Ién
1. Hé théng dang cb gang dat dwoc muc tiéu gi?
2. Cac thdng sb cai dat hién tai 1a gi — chung dwoc xac dinh
nhw thé nao?
3. Day c6 phai la cach tét nhat dé thue hién khong?
4. Chung ta cé thyc sw can van hanh né moi luc khéng?
33
@
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Thwc hién danh gia hé thong dong co dién
* Xac dinh loai dong co’ va dac tinh tai vrng dung

« X&c dinh cac yéu ciu cla hé théng

« Xac dinh thoi gian van hanh va chi phi lién quan

« Tinh toan chi phi van hanh hang nam

« Kiém tra phwong thirc van hanh va quan ly hé théng

* Phac thao so d hé théng thé hién day dd cac thanh phan
« Xac dinh phwong phap diéu khién déng co

« Xac dinh cac vi tri cé thé phat sinh tdn hao hiéu suét

« Tinh toan céac tén hao (néu co thé)

« Uéc tinh mure tiét kiém tiém nang

34
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Hay nhd....Ap dung cach tiép can theo hé thong.
M6t dong co dién hiéu suét cao va viéc st dung bién’t‘én (VSD —
Variable’Speed,Drive) sé tré nén it gia tri néu trong hé thong bom cac
dwong ong bi tac nghén, hoac trong hé thong khi nén cé hién tuwong ro
ri. Twong tw, neu mét ddng co' chay khong tai va khdng cung cap loi
ich co hoc cho dau ra, thi nang lwong van sé bi lang phi, bat ké& chi sb
hiéu suat cuta thiét bj cao dén dau.
Cac phrong phap t6i wu hoa hé thong Viéc xac dinh dugc mot ché do cai dat
tap trung vao toan bg hé thong dong hodc mot phuong thirc didu khién van
co, tr nguon cap dien dén cac bo hanh giup gidm nhu ciu ning lwong
phan dieu khién co khi va tat ca cac trong qua trinh san xuét la diéu rat phd
khau trung gian. Bong co chi dwoc bién, tir d6 cai thién hiéu qua ning
xem la mét trong nhieu co hdi dé toi lwong clia hé théng déng co' dién
wu hoa. . : : :
35
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Panh gia & Thao luan

thdng?

« Tai sao s&r dung phwong phap tiép can hé théng?

« Néu mét sé lgi ich cua viéc st dung phwong phap
tiép can hé thdng?
« Lam thé nao dé chung ta tinh toan hiéu suat hé

« Chung ta bat dau tor dau?
« Lam thé nao dé chung ta quyét dinh hé théng déng
co nao can téi wu héa?
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Phan 4

Céng nghé déng co

o
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Nguyén ly hoat déng

Tat cd dong co dién gébm
2 thanh phan co ban:
1

|

|
Stato Ro-to
(Phan tinh) (Phan dong)
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Phan loai dong co’
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Pong co dién
. " J

. —— N —

bong co mot bong €O’ xoay

chiéu chiéu
. A A A
1 |
p | P 1 P | P 1 -
EC-PM khong bong co cod 5 . Khéng dong
chdi than chéi than Bong bo bo
— A i A - N -
1 I
| | | | 1 1
r’ ’ Ny X I( , . f , . = r’ ~ r’ I(
chh_ Eu’ noi Kich ttr song Kich ttr hon Nalm chvam Mot pha Ba pha
tiép song hop vinh ctru
i . i ~ A A iy A A . i
EC — Déng co chuyén mach dién to
PM — Dong co’ nam cham vinh ctru
39
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Loai dong co’ va trng dung

| Pong co dién mét chidu

[ Péng co dign mét chidu truyén théng

| Dong co mét chiéu nam cham vinh ctru

| Pong co dién xoay chiéu >

DPong co khong dong bo réto 16ng séc (dwge str dung trong hon 90% cac (bng dung cong nghiép

Pong co’ khong dong bo ro to day quan

[ Péng co ddng bé nam cham vinh ciru

DPong co dong bo kich tir doc lap

N

[ Péng co tir tré chuyén mach >

Ung dung dan dung
Dich vu va thwong mai
Cong trinh cong cdng (tram bom va x& ly nwéc)
(ng dung trong céng nghiép

0,1 kW 1 kW 10 kW 100 kW 1000 kW  Cong suét
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Péng co dién mét chiéu

Loai | Pac tinh

_{Co choLthanA,vo'l —{Diéu khién don gian
stato day quan

C6 chdi than, Stato a o La
— P , — Yéu cau bao tri cao
nam cham vinh ctru

Pong co dién mot chidu véi stato day quan

| _[Khéng chéi than | [Potin cay kem
(cong nghé méi) (hong chéi than)
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Pong co khéng déng bo ro-to 16ng soc

St dung trén 90% trong toan bd hé théng dong co;

© Hiéu suat tot va do tin cay cao (gidm thiéu bao tri);

@ Gia ré (Khi so sanh véi dong co khac cung loai);
© Dé diéu khién, khi s& dung bd diéu khién bién d6i tdc do (VSDs).
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Pong co khéng déng b ro-to long soc

Hop déu day

Mat bich phia

. Vanh bao vé
Quat gio canh quat

Vong bi

Mt bich phia
trudic
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Pong co khéng déng bo ro-to 16ng soc

Stato
Stato
Vanh ngén
mach
Thanh dén
ré-to
R1, R2 = Dién tré stato va ro-to, Xm = Bbién khang ttr héa
X1, X2 = Dién khang ro cla stato va ro-to Rm = Dién tr& tir hda
s=Df truot = (@, - Oryo,) / O
o, = Téc d6 ddng bé (rad/s) Ororor = TOC dO ré-to(rad/s)
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Tw trerdng quay

Hé théng hinh sin ba pha va vector khéng gian twong dwong quay

Three-phased sinnsoidal system and its rotating equivalent space vector
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P3c tinh Md-men — téc dd dién hinh ctia ddng co’ khéng déng bod

M men cut dai
M6 men khoa ro-to
(mé men khdi déng) |

C

M6 men cutc tidu
" Khi khdi déng

Phan trdm mé-men day tai

100 8
M6 men day tai
Téc do khdng tai
0 | E
(1] 50 100
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Pong co khéng déng bo hiéu nang cao

. Hiéu sudt cao hon (2-10% hodc hon tly vao cong suat déng co)

| Ho c6 thé giam hda don tién dién va giam chi phi bao tri

. St dung nhiéu vat liéu chat lugng cao hon — chi phi cao (25-30%)
 Vong doi dai hon (Hoat déng & nhiét dé thap hon)

Théng thuwdang, Mo-men khéi déng thap hon (tuy dang rénh ré-to)

Dong khé&i dong |&n hon

' Hé s6 trugt thap hon

Quan tinh r6-to I1&n hon

47
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Ton hao trong déng co’ dién

Ton hao dién

Ton hao phu do tai

(Con dwoc goi la tdn hao Joule) dwoc biéu dién béi I°R, va

do d6 tdng nhanh khi tai déng co tang. Tdn hao dién xuét La do tlr thong ro, séng hai cia mat do tlr thong khe ho,
hién dwoi dang nhiét sinh ra b&i dién tré khi dong dién phan bb dong dién khong déu gira cac thanh ré-to, sai sé
chay qua day quén stato ciing nhw trong cac thanh dan co hoc trong khe hé va cac bét thuong vé mat do tir thong
réto va vong ngan mach khe h&

Ton hao tir

T6n hao tlr xay ra trong cac la thép ky thuat dién cia stato Ton ll1ao go tiép xuc chdi than (chi ap dyng cho dong
va ro-to. Ching xuét hién do hién tuong tir tré va dong co’ ¢6 chdi than)
dién xody va ting xap xi theo binh phwong mat do tw
thén

9 Phat sinh tir sut ap gitra chdi than va cd gop, déng thoi
bao gdm ca céc tén hao ma sat bd sung

Ton hao co’

Do ma sat trong 6 bi, tn hao théng gi6 va tén hao do strc
can gid | - dong dién; R — Dién tr&
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To6n hao va tai ciia dong co dién

Téng tén
hao

én hao phy
- -..-.‘\\\

% Ton haoT:: ::::wﬁn gié
o 25 SO ™ 100 125
Tai dbng cd (%)
49
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Ton hao theo cong suat dongcor ™ Tén hao ma sét va st can o

Ton hao 16i

Ty l& dién hinh cla céac tén hao trong
dong co cam wng 4 cwc, 50 Hz

Ton hao phu

Ton hao Ré-to IR

Ty Ié tén hao (%)
2 8 &8 28 8 3 8 8

Tén hao Stato I2R

-
L=

8.751.5 3 55 1118530 45 75 110160250
Cong sudt dinh muc déng cd (kW)
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Péng co dong bd nam cham vinh ctru (PMSM)

Cing dwoc goi la:

DPoéng co mot chiéu Poéng co chuyén mach PMSM dugc khuyén nghi
khoéng choi than (BLDC) dién t&r (ECM) str dung

Cach hoat déng cua dong co twong tw dong co DC, nhwng khéng co
chéi than: _
» Thiét ké stato twong tw ddng co khéng ddng b (day quén 3 pha trén stato) §

* R6-to c6 nam cham vinh clru quay

« CAp nguén cho 3 pha tuy theo vi tri roé-to

+ Hoat dong dong bd, loai bé tén hao dién va tir trong réto — giam dién hinh khoang 20% tong tén hao cia dong co
« C6 thé trd nén hap dan hon: chi phi dw kién gidm nhé nam cham ré hon va san xuat hang loat

51
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Pong co dong bé nam cham vinh ctru (PMSM)
Wu diém chinh Nhwoc diém chinh
- Buong dac tinh mé-men — tbc 36 xuat sac (vidy:  + Gia thanh cao va Iudn phai st
c6 thé cho phép truyén dong truc tiép) dung bd diéu khién téc dd (VSD).

* Phan (rng dong hoc tuyét voi

« Hiéu suét va dd tin cay cao — bao tri thap

« Tubi tho dai hon

« D6 6n thap

« Kha nang van hanh téc do cao

« Ty I&6 mo-men/thé tich cao hodc mat do cong suat
cao
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bong co LSPM

LSPM = DPdng co nam cham vinh clru khéi déng truc tiép @

(D

Co thé thay the truc
tiep chg déng co
khong dong bd (cung

Pong co lai véi roto 16ng soc
dwoc gan nam cham vinh clru

nang lvgng cao (NeFeB™) phu ty s6 coéng suat x
hop cho khéi déng tryc tiép tw khung vo)
lwdi dién
J
\—/
**Hop kim Neodyum-Sat-Bo
53
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Péng co tir tré chuyén mach (SR)

« Pong co tir tré (SR motor) cé thiét ké hai cwc nho
v&i cudn pha dat quanh cac cuc stato dbi dién nhau.

« Khi mét pha dwoc cap dién, ré-to sé quay vao vi tri
thdng hang vo&i cac cuc stato, tr d6 lam gidm dién
khang ctia mach tir dén mirc tdi thiéu. La dong co
hiéu suat cao dung cho truyén déng bién tan, hé tw
cla dong co dwoc tdi wu hda cho hoat ddéng vong
Kin.

« Phan héi vi tri ré-to dwoc str dung dé diéu khién viéc
cép dién cho cac pha mét cach tdi wu, nham dat mé-
men quay lién tuc, mwot ma va hiéu suét cao.
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Pdng co tir tr& chuyén mach

Stato: 6 cwc (3 pha)
Ro6-to: 4 cuc

STATO: 8 cwc
ROTOR: 6 cuwc

55
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~ AY ? ~
bong co tw tro’ chuyén mach
U’ng dung dén 75 kW:
May ly tam téc d6 cao
«  May nén khi ot Ly tuéng
*  May giat
« May hut bui
*  May bom chan khéng c b
* Hé théng sudi, thong gié va diéu hoa khéng khi
(HVAC*¥) ¢ &
* Heé théng truyén dong bién tan n (rpm)

*  May cong cy
* Ty dong hoa
*  Kéo, truyén dong xe v.v.

Ngudn: ISR — Dai hoc Coimbra

** Hé thong swdi, thong gio va diéu hoa khong khi
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Pdng co tir tr& chuyén mach

Uu diém chinh

+ Hiéu suat cao v&i mat dd cong suat Ion

¢ Mo-men I&n va khd nang van hanh tbc do
cao

« Do tin cay cao va tudi tho dai

+ CAu tao don gian, bén chac

« Chi phi thap

« BO diéu khién don gidn hon (1 phan to
chuyén mach céng suat méi pha)

« C6 sén v&i nhiéu kich thwéc va hinh dang
khac nhau

Nhwoc diém chinh

M6-men quay dao dong va do on cao
do mic rung Ién — cac nghién clru
dang duwoc thuc hién dé cai thién cac
van dé nay.

Ludn can bo didu khién (drive) dé van
hanh.
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Péng co tir tré dong bd

Pong co tr tré ddng bo IE5 (SynRM) gidm
tdn hao 1én t¢i 40% so véi ddng co khdng
ddng bo IE3

M6-men dwoc tao ra bdi dong co tir tré dong bo ty
I& thuan vai hiéu sb giba cac dién cam trén truc d
va truc q: Hiéu sb nay cang lon thi mé-men tao ra
cang lén. Do d6, déng co tir tré ddng bd duoc thiét
ké voi vat lieu dan tlr (sat) trén truc d va vat liéu
cach tr (khéng khi) trén truc q.
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Poéng co tir tré dong bd - Nguyén ly hoat dong
Stato twong tw dong co khong ddng bo, tao ra tw treong quay. Ro-to sé sinh
momen bat cr khi nao c¢é tir treong trong khe hé khéng thang hang véi ré-to

Tif trd thip

a) o
a) Cac vung ro-to c6 dién khang cao va thap
b) Khi ré-to thang hang véi tr truérng — khéng sinh mé-men
c) Khiro-to l1éch vai tir trerng — sinh mé-men quay (nguoc chiéu kim déng hd)
R6-to m&i khéng ¢ nam cham hay cudn day, do d6 gan nhw khong c6 tén hao dién —
ddng co dac biét mat.

(Source: Oemer and ABB)
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Péng co tir tré dong bd

100%
80-90%
2R ’rR
Stato Stato
Dong co khéng déng bd Tén hao Bing cd tir trd hidu sudt cao

Source: ABB
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Dong co tr tror dong bo
Uu diém
* Ro6to khéng cé cudn day va nam cham vinh ctru « Hé s6 cong suat thap
" Quantinhthap « Mb-men giao dong
* Hiéu suat tang toc tot
+ Hoat déng tét & ché do suy giam tw théng
+ Chi phi s&n xuét thap
61
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Panh gia & Thao luan

* Tai sao loai déng co phé bién nhat trong céng
nghiép?
. « Mbét s6 tén hao bén trong dong co dién?

L « Loai dong co méi nhat dat hiéu suat nang lvong
IE5?
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Phan 5

Tiéu chuan déng co dién

05
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Cai bai kiém tra hiéu suat chinh va cac tiéu chuan lién quan

IEC 60034-1 (An ban 12: 2010): Cong suat dinh mirc va hiéu suat hoat déng

IEC 60034-2-1 (&n ban 2.0:2014): Tiéu chuén nay thiét 1ap cac phwong phap xac dinh hiéu suét
théng qua thir nghiém, dong thoi quy dinh cac phwong phap xac
dinh céac tén hao riéng biét. Tiéu chuén ap dung cho cac déng co
DC va AC ddng bo ciing nhw khéng ddng bé & moi kich c&, trong
pham vi ctia IEC 60034-1

Phuong phap tiéu chuan dé xac
dinh t6n hao va hiéu suit tir
nhirng bai kiém tra

IEC 60034-31 (An ban 1.0: 2010): Tiéu chuan nay cung cap hwéng dan ky thuat cho viéc (ing dung
Hudng dan lwa chon va &ng dung  gong co tiét kiém nang Iwong trong cac (rng dung téc dd khong
dong co tiét kiém nang lwgng, bao i va téc do bién thién. N6 khong dé& cap dén cac khia canh
g6m cdac irng dung diéu khién téc 6 mang tinh thwong mai thuan tay

thay déi . L
IEC — Uy ban Ky thuat bién Qudc té
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Cai bai kiém tra hiéu suéat chinh va cac tiéu chuan lién quan

IEC 60034-30-1 (An ban 1.0: 2014):
Céac hang hiéu suét cua dong
co AC hoat dong trwc tiép trén
lwi (M3 IE)

4 cap hiéu suat

Tiéu chuan nay dinh nghia cac hang hiéu suét cho dong co
mot tbc do hoat dong trén ngudn dién sin (khéi dong truc tiép
~DOL).

N6 hai hoa cac mirc hiéu suat khac nhau dang dwoc str dung
trén toan thé gioi.

Tiéu chuén nay thiét lap mot tap hop cac gia tri hiéu suét gisi
han dwa trén tan sé (50 hodc 60 Hz), sb cuc t (2, 4, 6 va 8)
va cong suat dong co (120 W dén 1000 kW). (Khéng phan biét
gilra cac cong nghé dong co)

IE1 Hiéu suat tiéu chuan (Hién tai Eff2)

IE2 Hiéu suat cao (Hién tai Eff1, EPAct)

IE5: chi dwgc trinh bay dwéi dang
phu luc théng tin (Phu luc A). Muc

IE3  Hiéu suat dic biét (giam 16-20% t6n hao so vdi IE2) tiéu la giam toén hao clia IE5 khoang

20% so voi IE4

IE4 Hiéu suat siéu dic biét
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Phan loai hiéu suat - IEC 60034-30-1

Hai hoa cac tiéu chuan phan loai hiéu suét trén toan thé gi¢i — IEC 60034-30-1

100,0
Cac céap IE cua déng co theo IEC 60034-30-1
90,0 en
. -~
= Mé men dinh mirc .
£ 800 a 3
: 100 %
P oggo ATy |00 0% e rcsesasaee
5 5% '
R i s ™ 1 0 e e 5§ e o 1 A N 1 4
3 600 ..|
3 50% g == mm=mmm=e= 4 @
T L1
50,0 LI 1
L]
! Tée dd dinh mic
40,0 ! - - 0% 7 =
0,1 1 10 100 1000 0% 50% 100 %
Céng sudt du ra (kW)
R e [ | i (E i [ s . = Biém véan hanh danh dinh, noi cép IE dwoc xac dinh

® - piém tai riéng phin theo tidu chudn

Pac tinh cho dong co 50Hz, 4 cuc
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Tiét kiém nang lwong

20

— |E1 t&i IE2
— — |E115i IE3

— - IE11t0ilE4

— —_
L= -

-
E

Tiém nang tiét kiém
nang lwong thong qua
nang cap cac hang

—_
N

Tiét kiém nang lwgng tiéu thy 50Hz
( % clia nang lwgng dau vao)
© B

hiéu suat
6
!
2+
0 - 4 4 3 1 il & 24 1 143 _ 3 . St i 24 ¥ bt i b
01 1 10 100 1000
Céng sudt dinh mirc (kW)
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Tiét kiém néng lweng tir giam ton hao dong co khi chuyén tir hang
hiéu suat nay sang hang khac —

037 04 055075 11 15 22 3 4 55 75 11 15 185 22 30 37 45 55 75

Rl
05
g1 IE2
2> €3

vy

n

L

B3> (4
" 1E4 > 1E5

Nang lwong tiét kigm (kW)
in

w

i
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Milestones in the Evolution of Electric Motor Efficiency Classes

1993: Pdng cd Hiéu sudt cao 2001: Pong cd hiéu suit dac biét 2009: Pong cd hiéu suat siéu dac 2014: Déng co higu sudt Sidu

Bao lujt Chinh sich Néng lugng Hoa Ky L3n d3u tién, danh muc déng co higu sust et cao chp

nam 1992 (EPAct-92) dugc ban hanh. cao dugc gidi thidu vao ndm 2001 vdi viéc Nam 2008, mot hé thong phan ioai higu  Tiéu chudn IEC 60034-30-1:2014

Hiép hdi cac nha san xudt dién quéc gia NEMA cong b6 cac Tiéu chudn {Jgng cd Cao sudt déng co dugc uy ban Ky thudt dugc IEC cong bd. Tiéu chudn

(NEMA) cbng bé tiéu chudn MG 1-1993, .;ap Pong ma‘., Uy ban cac nha san xuat Dién Quédc té (IEC) cong ba trong tiéu nay quy dinh cdc c4p hidu suét

thiét 1ap mirc hiéu suat téi thiéu cho cac may dién va dién tif cong sudt chéu Au chudn IEC 60034-30. Hé théng phan cho dgng co dién mot toe @ hoat

loai déng cd cam (ing vdi cong sudt va toc  (CEMEP) d3 thiét 1ap cic cip hiéu suat loai hiéu sudt mdi nay da théng nhat dong v&i ngudn dién ap hinh

dd khic nhau. mang tén EFf1, EFf2, va Eff3, dé phan bigt  cac dinh nghia cia CEMEP va NEMA, sin.CAp hiéu suét Siéu cao cép
tudng u‘ng cac loai déng ¢ Cao cap , Hiéu bao gém: Hiéu sudt Tieu chu‘aln (IE1), (IE ldwc b6 sung trong tiéu
sudt cao va Tiéu chudn Hiéu suat Cao (IE2), Hiéu sudt Cao chuan IEC 60034-30-1 va NEMA

cép (IE3). Vao nam 2009, cip Hiéu MG1.
suét Siéu cao cip (IE4) dudc bd sung.

Source. Identification of Technoeconomic Opportunities with the Use of Premium Efficiency Motors as Alternative for Developing Countries, Energies - October
2020

69

& o gy @

soress nemo n ety
b SR L B G0

Tiéu chuan déng co trén thé gi&i

s

B L0 0 D0 i P I D051 P 0 D 2014 P 3015 P I P 2037 PI0IE P 2019 P 2020 P 2021 P 2022 p 2023 4

7.5 kW - 3TS KW or 1E2 + VD "OTS W = 7.5 kW 40,75 kW - 1000 kW
10,75 kW = 375 kW or IE2 « V5D 0120 kW - 0,75 kW 75 kW - 200 kW
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Cac tiéu chuan hiéu suat nang lwong téi thieu (MEPS)

71

. . . B
8 Gom @

Tiéu chuan MEPS tai Viéet Nam

« TCVN 7540-1:2013 - Bong co dién khéng déng bd ba pha réto 16ng séc - Phan 1:
Hiéu suét nang lvong

« Theo tai liéu nay, IE2 tbi thiéu da tré thanh bat budc tir thang 1 nam 2015. IE3
duwoc khuyén nghj nhwng khéng bat budc theo luat (tw nguyén).

« Ban cap nhat nam 2023 xac nhan IE2 13 tiéu chuan tbi thiéu, ddng thoi khuyén
nghi ap dung IE3 va IE4 (theo Quyét dinh 14/2023/QD-TTg c6 hiéu lyc tr ngay
15 thang 7 nam 2023)
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Tac déng cua cac chinh sach hiéu suat nang lwong
doi véi thi triroong dong co’ dién

Nghin chiéc

— TEL Hith s tibu chulin

—— 1EL: Hibu sullt ca0

5,000
= 1E3: iy wadt dBe bl

0o L—
000 200 2m W2 M3 AW 5 N6 AT A8 AN

Téc ding cla cac chinh sach hidu sudt ning lugng kén doanh s8 ban cac loal ding cd dién higy sudt cao hon. Trich din tir
tai liéu [12], 4E Energy-Efficient End-use Equipment :Thing 11 ndm 2015. .
Nguon: [HS, 2015
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Panh gia & Thao luan

 Tai sao chung ta can tiéu chuan cta déng co?
* Nhitng tiéu chuan MEPS nao duoc ap dung tai Viét

. Nam?
P
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Lwa chon dong co moi
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Lwa chon dong co phu hop cho trng dung

e Yéu ciu co khi cla tai truyén dong.
* Phan loai hiéu suat cha déng co.
e Hé théng phan phéi dién.

Cac yéu t6 can str dung  ° Céc yéu té vat Iy va mbi truong.
e VViec danh gid cac dac tinh nay sé cho phép nguoi
dung chon loai déng co phu hop nhat cho rng dung
(AC hay DC; mot pha; ba pha; cdng suat; cach 1ap dét,
V.V.)
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Lwa chon déng co DC

* Dong co DC thuong duwgc chon & nhitng noi yéu cau diéu khién toc d6
chinh xac, vi hé théng diéu khién tdc d6 DC don gian hon, it tén kém hon
va ¢ dai diéu chinh rdng hon so vdi hé théng diéu khién téc d6 AC.

« O nhitng noi yéu cau mo-men khdi dong rat cao va/hodc kha ndng qua tai
mo-men |l&n, dong co DC thuong duoc lwa chon.

* Chung cling phu hgp vdi cac thiét bj chay bang pin
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Lwa chon déng co DC

Nhuoc diém cha ddng co’ DC:

+ Chi phi ban dau cao

« Chi phi van hanh va bao tri tang do c6 cb gép va chéi than

« Khéng thé hoat dong trong diéu kién dé chay nd va nguy hiém do phat sinh
tia Itra dién & chdi than (nguy co hdng héc trén cb gop)

« Pong co AC v6i kha nang diéu khién twong tw dang dan thay thé
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Lwa chon dong co’ 1 pha
n L ] n
Cn T6c do quay dién hinh | Moment khéi dong Hiéu suat - e s
Loai dong co (RPM) (% Mé-men diy tai) | twong déi Ung dung dién hinh
Cuc che 1050, 1550, 3000 R4t thap (50-100%) Thép Quat va mdy thoi truyén dong truc
tiép c& nho
Tudiéntachroi| 825, 1075, 1625 Thap (75-150%) Trung binh | QU3tvamay th‘:i'ét;“yen dong truc
o . Quat va may théi (truyén déng truc
Chia pha 1140, 1725, 3450 Thap dén Trung binh Trung binh | tiép va day dai), dung cu nhé, bom ly
(130-170%) N . [
tam, va céc thiét bj gia dung
N ” R Bom, may nén, dung cu, bang tai,
e an Trung binh dén Cao Trung binh e a . . A
Tu khéi dong 1140, 1725, 3450 (200-400%) d&n Cao thiét bj nor?g nighlep, viquat thong
gi6 cong nghiép
79
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Lwa chon déng co déng bo

Toc do

+ Pong co déng bd hoat dong & téc dod
ddng bo va khong bi sut téc trong dai tai.

+ Chung nén dwoc chon néu yéu cau téc
dé chinh xac.

Giam chi phi van hanh

+ Dong co dong bo thuong tiét kiém nang
lwvgng hon dong co khong dong bo, dac
biét & dai cong suat rat Ion (trén 1000

KW).

Hiéu chinh hé sé cong suat

« Pong co dong bd co thé tao ra cong
suat phan khang dé hiéu chinh hé sb
cobng suét thdp cta hé théng cung cap
trong khi van truyén déng co hoc.

« Khi cung cédp cdng suat phan khang,
chung dwoc cho 1a may bu déng bo
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Lwa chon doéng co’ Momen khéi| Mémentsi |y |
kh " d X bd Phan loai (°/o‘|iv(i)gr?|en % :’w%"men khoi t:'%t (ng dung dién hinh
ong dong bo dinh mtre) | dinh morc) | 909 '
L Méz];it K Ehéi Quat, mdy théi va bom ly
[EC 60034-12  THetk€IECN | ohg thuong &| 100-200% | 200-250% |Thuomg| <5% :g‘m;‘:t”rl‘(% ot 20 yeu cau
. Déng khéi dong lomel I dong tong
(2002) va thwong doi thap.
NEMA MG-1 Thiét ké C Bang tai, may khudy, may
Mémen khai nghién, may trén, bom va
(2011) dong cao &| 200-250% 200-250% |Thwong| <5% |may nén piston, v.v., nhirng
Dong khéi dong noi yéu cau khéi dong cé
thwong tai.
s Céc tai c6 dinh nh ,
Thiét k& IEC H Mé-lr::;t « Ehc‘yi ) té?CC:"albcé(’)‘h ‘aa nh Ei?y
déng cao & Do 275% 275% Thap | >5% |dap, may xén, thang may,
trrot cao ’ mz?y ép‘, toi, pa lang, bom
i giéng dau va may kéo day.
81
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Nhan dong co khong dong bo
! Sun B3 b
BIlITR
Bee 60D rz
: WO, TETBRONOY
(~ 3 3155/M-04 IP55 WscLF T 80 kK S1  SF1.00 e 40°C
¥ Hz | kW | RPM A Pr__| Eff | 100%] 75% | S0%
380 A ﬁ 660 v | 50 [185| 1485 532:; 191 | 0.88 96.3 | 96.3 | 959
5\ /- 1490 [310/- 1 0.86|'E3 | % | % | 98
6 p /- 60 1790 | 284 /- .85 96.2 | 95.8 | 95.0
~ B319-C3(459) 2 b2 2| M2 U2 V2 [MEMA Eff 96.2% 250HP 460V 60Hz 1730 RPM
~ 6316-C3(34g ¢ b d‘” O‘” c}” 284 A PFD.85 Des A Code H SF1.15 CCOZ94
MOBIL POLYREX EM
3 11000 h sl 12 Gyl 2 (5 [M1000masl 1259k J
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Tai dong co’

Pong co phai duwoc chon céng suat phu hgp vdi yéu cau vé téc do
va mo-men cla tai trong qua trinh van hanh. Cic loai tai ¢ thé
duwoc phan loai theo cic ché do lam viéc khac nhau mé ta thoi
gian van hanh va su thay déi tai.

Khi xem xét thay thé mét déng co hién c6, viéc gidm sat céng suét
dau vao cua déng co trong mét khodng thoi gian sé giup xéc dinh
kich c& téi wu. Céc thiét bi ghi di¥ lidu chay bang pin, gia thanh
thép, hoat déng hiéu qua trong viéc theo di xu huéng tai

< Global
"« Gateway
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Hiéu suat v&i tai dong co’

R sl (%) §

IEC 60034-31

- -

] 025

o5

ors

1 PPN 125
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Tiéu chi van hanh trong lwra chon dong co’

Tan suat khéi ddng va dirng

Déi voi cac lan khéi dong thwdng xuyén,
can ddm bao nhiét dd cudn day va 16i thép o !
khéng vwot qua dinh mic clia dong co| Han ché vé gia toc
(cac kiéu lam viéc dwoc dinh nghia trong L o R
IEC 60034-1) bBam bao dong co keéo tai dat toc do toi da
da nhanh dé tranh lam tac déng ro-le bao

vé qué tai. Nguoc lai, mot sb tai can thoi
gian dé tang toc, vi du nhw bang tai — viéc

Mé-men khéi dongyéucau st dung bién tn (VSD) c6 thé hop Iy dé
Dac biét chu y dén céc tai cé quan tinh 1on dat dwoc diéu nay va gitr dong dién khdi
dé dam bdo mé-men khéi déng cla dong dong thép.
co la du.
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Nhiét d6 van hanh

Nhiét d6 lam viéc tdi da cho méi cap cach dién (theo IEC 60085)

Cac cap chiju nhiét cia hé théng cach nhiét A E B F H

Nhiét doé van hanh téi da (2C) 105 120 130 155 180

Nhiét do moi trwong —’ La nhiét do khong khi xung quanh dong co.

Nhiét d6 hoat dong téi da —’ La nhiét d6 diém néng t8i da cho phép cla cudn day (nhiét dé
cho phép cla hé théng cach dién).

——— g ey Lt W g

—— g Lt W g
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Tudi tho cach dién v&i nhiét do

RER
#2000
78000
san00
s000 :
o000
\ \
3000 - - % ; - Tudi tho céch
T ! \ | dién trung binh
= 2000 : -
§ e o 15 wr
© -
\ \
§ 38 .
& ame
£ Jme
3 se
$.000
4008 - r -
LopA - \ ‘| LopF
1000 - A 1 L
LopB  ——=— | =L LopH
2000 = -
1,000
o 50 100 150 200 250 300
Nhiét 46 cudn day (°C)
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Hé sé phucvu

* Hé sb phuc vu cta déng co 1a mét chi s6 vé kha nang vuot qua cdng suat co khi dinh
murc mot cach bén virng. Hé s6 phuc vu I&n hon 1.0 cho phép mét bién dd dy phong
cho nhu cau céng suat dinh ma khéng can phai chon déng co ¢o kich thuéc |6n hon
tiép theo.

e Vidu: Mot dong co 10 kW vdi hé sé phuc vu 1,15 cé thé cung cdp 11,5 kW ma khéng
vurot qua murc tang nhiét dé cho phép cia NEMA d6i véi hé thdng cach dién cla nd.

e MOt déng co hoat dong lién tuc & hé s6 phuc vu I&n hon 1 s& bj gidm tudi tho (cach
dién va vong bi).

* Hiéu suat dong co thuong gidm khi hoat déng & mirc céng suat theo hé sé phuc vu.
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Giam dinh mtlrc cua déng co’

1.0 Bdeduids e 1.0k
A |
09 \ ------------ 00 N o |
5 4\.\ & e V&i nhiét d6 méi truong
T ; trén 40° C va duwdi 60° C
G.? P ‘.‘-'-“.4-....:'.... PR AR, F O n‘? .. ~ A
i * V@i d6 cao trén 1000m so
T :;[5::} 1000 2000 3000 4000 i vGi myc nudc bién
PNred :PN "fr .fH
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Twong thich Téc dé van hanh cua déng co hiéu suat cao hon

f 3
Pong 'oo' hiéu
Pdng cd tiéu chuan sudt cao
:
©
=
Quat ly tam
Tdc dd dong b (%) 100%

+ Pong co hiéu suat cao hon c6 duong
cong dac tinh mémen - toc d6 khac.

+ Giao diém méi véi duwdng dac tinh cla
hé théng (tai) thé hién diém van hanh
maoi.

« Lwu y réng téc dd bay gi& nhanh hon
mot chut so véi ban dau.

+ Néu khoéng duwoc diéu chinh, quy trinh
c6 thé nam ngoai théng sb ky thuat va
murc tiéu thu nang lvong thuc té cé thé
tang 1én.
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Pinh c& dong co

Pinh c& phu hop cho &rng dung cua ban:

* Hiéu suat déng co duy tri tvong d6i 6n dinh dén khodng 50% tai dinh murc, dudi
nguwdng nay hiéu suat gidm nhanh chdng. Can than trong trong viéc lwa chon hé
sO an toan, dam bao du nhung khdng qua muirc can thiét.

* Pdng co nén dugc chon céng suat phu hop vdi tai cwe dai du kién.

* Viéc chon ddng co qua c& cé thé lam tang chi phi ddng k&, do toan bd cac thiét
bi dién kém theo déu phai duoc thiét ké theo cong suat dinh mirc cda dong co.

* Do dic tinh nhiét d& van hanh thap cta cdc dong co hiéu suat cao, kha ndng qua
tai cia ching thudng 1én hon so vdi dong co tiéu chuan.
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Qua co’ Nhwoc diém :

+ Chi phi vén cao hon (cho ca ddng co va thiét bj diéu khién, bao vé).

+ Hiéu suét va hé sb cong suat ctia dong co thap hon.

e . - - -
[ B s e cong nanitp ||
08 1 M0 Kuwedchw ||
i
06 =

YRS ||E% |[5% |[E% ||E
02 8 |[5Y |IE8 IR
00 | | -

{075 4) [410) (10 30) (30 70] ([70 130] (130 500)
Dai cong suat (kW)

Hé s tai

Hé s6 tai trung binh theo dai cong suét, trong nganh céng nghiép va

© 25 5 75 100 125 khu vie dich vy, Lién minh Chau Au, ndm 2000
Tai déng od (%)
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Chién lworc tiét kiém nang lwong

Lwa chon thay thé trwéc khi dong co’ bj héng

* Trong nhiéu trwong hop, dé€ dua déng co trd lai van hanh nhanh nhat co thé,
cac quyét dinh duoc dua ra nham dap «¢ng muc tiéu ngan han nhung lai anh
hudng tiéu cuc dén hiéu suat lau dai va tudi tho cua dong co.

= Khi tién hanh danh gia, viéc thay thé cac dong co con dang hoat déng bang
cac déng co cd kich thudc phu hop va hiéu suat cao hon thuong mang lai lgi
ich I&n hon
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Chién lworc tiét kiém nang lwong

Twong thich téc d6 hoat déng cua dong co

* Noi chung, dong co cé hiéu suit cao hon c6 t6c d6 van hanh cao hon, tiéc la dé truwot giam so
véi dong co hiéu suat thap hon. Trung binh, dé truot giam khoang 20 dén 30% cho méi cap hiéu
suat cao hon tiép theo.

* DGi vai hau hét cac may méc quay, cong suat tiéu thu ty |é voi lap phueong clia téc d6 quay.

Vi du:

= Tang téc d6 van hanh 2% c6 thé lam tang cong suét yéu cau dé kéo hé théng
én 8%.

= Piéu nay c6 thé dé& dang bu trir hét phan tiét kiém du kién tir viéc thay thé
bang mét ddng co hiéu suét cao hon.
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Panh gia & Thao ludn

* Hay néu mot sé dac tinh can dugc xac dinh khi lya
chon mot dong co mai?
. + Cap cach dién dién hinh cho déng co khéng dong

- bé tiéu chuan hién nay la gi?

« M@i quan hé gilra nhiét d6 va tuéi tho déng co la
gi?
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Van hanh va diéu khién déng co’
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Mémen va toc dé dong co’

Pac tinh van hanh ctia dong co dién dwoc xac dinh bang téc d® quay cliing nhw
momen tao ra trén truc dong co.

e f =Tansé (Hz)

Torque[N.m]= %[;V/]] * n=Vong méi phit (v/p)

speed |rad | s )

* w=Toc do goc (rad/s)

Torque [N.m] = M Ghi chu ** w =2nf

21 X speed|[rps]

Power (w): Céng suét (w)
P A

Torque [N.m]= ower [W] Torque (N.m): Mémen (N.m)

27 x speed [rpm ]/ 60
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Toc dd va dé trwot ciia dong co khéng dong bd

Tan s6 dién dp (Hz) X 60

S6 doi cuc dong co

Toc do dong bo [vong/phiit)=

T6c dé trugt [vong/phutl=Téc do déng bé [vong/phut] - Téc dé truc dong co [vong/phiit]

o Téc do déng bo (vong/phit) - Téc do truc déng co (vong/phlit)
Hé so truot (%) = X

100
n
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Pac tinh Md-men - tdc dé dién hinh cha dong co’ khéng déng bd 3 pha

TxFLC |
o Dang dién stato vdi dién ap danh dinh
=
g_mc.
B
é' SKFLC -
o
g 4xPLC
E wr | Md-men khai déng vdi dién ap danh dinh
iG IPLC ]

:

Mé&-men cuc ti€u khi khdi dong

Mé&-men tdi han

\

:

1xFLT

Mé-men ( % Mo-men day tai)

LRC — Dong dién khi khoa ro-to,

N T~ = “h 2 LRT — Mé-men khi khéa ré-to,
"""""""""""""""""""" o FLC - Dong dién day tai,
FLT- M6-men day tai
10% 20% 0% L S % 0% % 0% 100%
Téic d6 ré-to ( % téc 46 day tai)
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Dinh nghia M6-men

Mo6-men khéi dong

« M6-men sinh ra tai téc dd bang khong. Néu déng
co phai quay mét tai kho khéi dong (tai cé quan
tinh 1&n), thi can chon mot dong co c6 md-men
khé&i dong cao

M&-men d3y tai (cling 13 mé-men ham)

« Moé-men duoc tao ra tai toc do day tai, cung cap
cong suat dinh mlre cla dong co.

+ Tai diém nay, tich cia mé-men va tbc d6 bang
cbng suét ghi trén nhan clia dong co.

M&-men t6i thiéu khi khéi dong

+ M6-men téi thidu dwoc tao ra trong qué trinh tang
téc tir trang thai dirng dén tbc do lam viéc.

+ Diéu nay c6 thé rat quan trong dbi véi mot tng
dung can coéng suat d& vuot qua mot sb rao can
tam thoi trwec khi dat dwoc mirc cong suat lam
viéc.

Mo6-men t&i han

* Mo6-men cuc dai ma dong co ¢co thé tao ra trudc
khi bi dirng
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Pac tinh tai
C6 3 dang tai co’ ban khi xét theo |
guan hé T=f(w):
1 | A I R
Mé-men thay d&i | Mo-merl_khong | Cong 5”?} khong |
doi doi
Xét theo su bién thién tai, tai cd thé la:
= Chuky
» Khéng doi
101
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Phan loai tai

M&-men khdéng ddi/ T6c do thay doi

A

e

Cdng suat

=
Téc db

M43y nén truc vit, bang tai,

cap liéu...

Mé-men thay d6i/ T6c d6 thay d6i

Bom ly tam, quat

M6 men thay d6i/ Cong suat khong di¢

Mé-men

Cong sudt

Téc db

Truyén dong kéo,
may toi, may can
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n . 2
Phan loai tai
Mé-men khéi dong Idn/ Mé-men khong déi M6é-men tuyén tinh/ Céng suat ~ n2

A
A

/

Mé-men

7
/ Cdng suat

Mé-men

Téc a6 Téc dg
May dun, bom Tuong déng v&i may cén, may
truc vit trén, phanh dién
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Tai sao chang ta can diéu khién téc do ?

e " w
i i T t t
n n n
M~n? _ M~n M béng héng sé M=1/n
. Truyén ddng cdp
phéi . May cudn
. Bom . a%, can ( cén « Truyén ddng dinh ; Truyc ch?nh may
. Quat phang va dap néi) vi cdng cu
- Méy théi khi - May lam gidy - Gan tryc, thang . Méy tron, méy
» May nén khi . Méy gia cong san may nghién, mdy cua,
. Méy nén Turbo pham nhua - May dun, may trdn méy cudn ton
+ May nén pit-tdng
va truc vit
vT vi e cr cr
g Khéngcé: Cé
Khéng cé encoder | C : encoder Cé encoder C6 encoder
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Khéi dong dong co — Tiéu thu nang lwong

Ton hao Stato

/ Tén hao VSD

= P

Nang luigng
ddng nang
tich trir

L&
Tén hao Ré- Tén hao Ré-to

& S
0 N (v/p) 0 Ny (v/p)

Pong co khéi dong truwc Bo diéu khién thay déi
tiép tiéu chuan toc do dong co
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Khéi déng dong co: Khéi ddng trwe tiép (DOL)

Khél dong truc ti€p (Direct on line - DOL) la cach don gian va kinh té
nhat dé khéi dong dong co khong dong bé, nhung nd gay ra dong
dién khai déong dang ké, thwong gép 5 dén 7 lan dong dién dinh mdc.

¥ ol
1
|

Y aill £
1
|

» - V.

Khdi dong Beng'cd
Contactor chinh s A
o rome Relay bao vé qua tai
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Kh&i ddng dong co: Sao / Tam giac
L1 L1
w2 U1 U1
U2
w1 u2 o NG
V1
= V2 Vi = L3=wi L2
4
EHHH\
~
~
- |
vip vip
Pac tinh mé-men/tdc df khi khdi dong sao/tam gidc Pic tinh dong dién khi khdi déing sao/tam giac
107
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Khéi dong dong co: Khéi ddong mém

 Thiét bj diéu khién dién ap st dung mét

dién ap thap hon nhiéu so vai dién dp ¢
danh dinh cip cho déng co dé gidi han
dong dién khai dong.

Khi dong co bat dau quay cham, dién ap
s& duwoc tang dan theo tirng budc cho

dén khi déng co dat toc do lam viéc.

Ngoai ra, con cd kha ndng dirng mém,

dac biét hitu ich cho bang tai va mot so

loai bom.

KM1: Contactor chink
Tr = kN2 L FRY Bao v qui tak
Q1: Khai Shng mim
FR1
Un=100% o
U2 = 85% TN o
Ut = 65% . E
£ W
N1 [N max S 68 ik 58 v g i idng
N2 N
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Khé&i dong dong co: Bd diéu chinh toc d6 déng co (VSD)

e Thiét bi diéu khién thay doi %
tan s6 dé diéu chinh toc do.
25
* Trong qua trinh khéi dong, né
hoat dong tuong ty bd khoi 2
déng mém bang cach gidi han
dién ap trong khi khoi dong.

15 |

e Con duoc goi 1a bd bién tan 10
(VFD) va bo diéu chinh téc d6
(ASD) s

0 500

1500 2000 2500 3000
N (v/p)
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Nguyén ly diéu chinh téc dé

B& so sanh

Toc do
tham chiéu & B dicu
khién

B6 do tbc do
déng cg

Bién tan (VSD) cho phép diéu khién
phan héi vong kin, giup téc do dwoc
kiém soat chinh xac hon.

Trong nhiéu trwdng hop, diéu nay
cai thién chéat lwong san xuét va doi
khi ca san lwong san xuét

110



8 fem @
B6 dieu chinh toc dod (vSD)
 Cling c6 thé goi la bé diéu chinh tan s6 (VFD)
50 Hz
Dién ap mét chiéu B6 loc DC bién ap AC md phong
Dién ap | | |
xoay chiéu
3 pha
i o = + + %
m — B9 bién doi Bus DC Nghich luu  —— "g":h:" |
3 A A
Tan sé bién déi
Diéu khién Dién ap bién doi
Logic Nguén cép cho déng co
111
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Sw bién thién dién ap theo tan so
:
Vn
Do léch dién ap T ; T T T '
0 10 20 30 40 50 60
f(Hz)
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Wu diém cta VSD

« Tiét kim nang lwong nhe& diéu khién téc do

« Cai thién hiéu suat ddng lwc ctia ddng co khéng déng bd
« Hiéu suét cao ctia VSD (96-98%) va db tin cay 1&n

« Hé sb cong suat cao (néu sir dung bd chinh lwu tich cuc)
« Kich thuwéc nhd gon va linh hoat trong bé tri 1ap d&t

« Khé&i ddng mém (tiét kiém) va ham diéu khién/tai sinh

» Tich hgp cac chirc nang bao vé déng co

- Giam tiéng 6n va cai thién kha nang diéu khién qua trinh

« it hao mon, gidm nhu cau bao dwéng co khi
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Cac nhwoc diém co6 thé coé cua VSD

* Bom séng hai lén ludi dién

 Xung dién ap dan dén hdng cach dién trong cudn day cla cac dong co cii

e Dong dién 6 truc gay héng hdc sdm

e Pua moét phan t&r mdi vao hé théng (cé thé anh huwdng dén do tin cay
téng thé cla hé théng)

¢ CO thé can lam mat bd sung
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Panh gia & Thao ludn

* Tai sao ching ta can diéu khién déng co ?
« Nhitng phuwong phap nao cé sdn dé diéu khién téc d6 déng co ?
+ Nhitng phuwong phap nao cé san dé khéi dong va dirng déng co ?

115

& : Globel ., @,@

nies s o=
s s uuun

Phan 8

Tai co’ khi cua dong co: Bom
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Mirc tiéu thu dién cta hé thong déng co’ theo (rng dung

May bom, quat va may nén
khi chiém 56% cac &ng
dung cong nghiép.

May nén lam lanh B?;g.:;]

%) —

Khac
ke (35%)
(16%)

Khi nén
(18%)
Bam

(22%)

Tiéu thu dién ndng trong nganh cong nghiép cta Lién minh Chau Au
Nguon: ISR — Dai hoc Coimbra (2012)
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Ung dung boom céng nghiép
Nhiém vu Vi du trng dung

Hat, Van chuyén Dau thd, Héa chét, Nwéce trong dwdng bng

Tuan hoan, Bom Céac mach ctia hé théng swdi va lam mat trong tda nha,

chuyén Hé thdng lam mat va béi tron trong cdng nghé may méc

Nap d3y, Xa can Céac nha may dong chai, x& can cac bé chira bun thai

Pinh lwgng, Phan Cong nghé phan tich, Nganh cong nghiép héa chét, Phun nhién
liéu liéu vao dau doét dau va dong co dot trong

Cép nuwdc cong nghiép trong céc toa nha nhiéu tang,
Tang ap, Truyén lyc | Th&r nghiém ap suat va vat liéu trong ché tao may va nha may,
Cat bang tia nwéc, Hé thong truyén déng thuy lwc
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Phan loai bom

—— Bom truc ngang

Bo'm Ro-to quay ———— Bo'm hut doi
[ (ytdm) ——1  1yabin truc dirng
———— Bom dac biét
e Bom tia
Phan loai bom _| * Bom xody

e Bom tuabin tai sinh
Bom tinh tién

'— Bom thé tich ——— e Bom Pit-tong
* Bom mang

Bom quay
* Bom nhu déng
* Bom truc vit
e Bom banh rdang
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Vi du mét s6 loai bom ly tdm

Bo'm ngang truc

Bom truc dirng

Bo'm chim
Bo'm hué'ng truc
Hinh anh dwoc cung cép béi ACR Publications
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Hinh dang canh bom

Hinh anh dwoc cung cip b&i ACR Publications
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Vi du vé mot sé loai bom thé tich

Bom Pit-tong

Bom truc vit

Hinh &nh dwoc cung cép Vién Thay luc
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2 dang cta phu tai bom

«—__ Chuyéu
coOt ap tinh

+——— Toan bo la c6t ap ma sat

Hinh anh duoc cung cAp bdi Phong thi nghiém quéc gia Oak Ridg

123

@ i ¥
s ‘-.2!,"3:',_,,- “@?

P,

Kién thirc co’ ban vé bom — Méi quan hé giira ap suat va lwu lwong

Ap suat cao
Luru lurgng thap Chung ta thay déi diém
lam viéc nhw thé nao?

Ddc tinh bom

CQtvaP Piém van hanh/ diém
i hOE_IC nhiém vu
Ap suat

Ap suat thap
Luu lvgng cao

Dic tinh hé théng

Luu lucgng
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Cong suat chat léng cia bom (Thay lwc)

Chirc ndng: chuyén modt chat 16ng tir diém nay sang diém khac trong nha may
Flow (é) * Head(m) = Density

Pfluid = 102 = kW
_ P fluid _
Pelec - 77syslfem = Nmotor * Ntrans * npump
nsystem

Voi:

Density: Bang 1 ddi v&i nuwdc

Nyystem * HiGU sudt clia toan bo hé thong bom
Flow: Luu lwgng (I/s)

Head: Cot ap (m)

P.jec: CONE sudt dién

Pauiq: CONE suat thay luc
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Cac phwong phap diéu khién truyén théng

1. DPwong 6ng bypass (dwong hoi)
* Bypass cho phép chat l6ng chay vong qua hodc vugt qua thanh phan san xuat hodc hé théng, khi khong can dong
chay chat léng.
2. Diéu khién On/Off
« Dong chay chat 16ng duoc digu khién bang cach bat va tat bom. Thuong yéu cau bé tri nhigu bom.
3. Van tiét lwu
* Van tiét lvu han ch& dong chay chat long d€ giam luu lvgng qua bom, déng thei tao ra sut ap trén van.
4. Bom nhiéu téc do
+ Cac bom duoc I3p déng co hai téc d8, cd thé chuyén déi gitra cac téc dé tuy theo lvu lugng chét 16ng yéu cau.
5. Cat got canh bom
« PE& dap rng yéu cau téc do cu thé cda qua trinh, cdnh bom c6 thé duogc cét got nhdm xac dinh lai diém lam viéc cta
bom hiéu qua hon.
6. Diéu khién téc do bom
+ Dong chdy chat 1dng duoc digu khién bang t8c d6 thyc ctia bom va bao gém
a.  Co khi (banh rang, day dai, khop ndi thay luc)
b.  Dién (VSDs — bién tan)
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Cac phwong phap diéu khien truyéen thong
Tiét luvu Bypass
H H
N Pa7x12.7289 P=12.4x6.6=82
101 10 1 N Mec tiéu thy dién nang twong
Heb.6— déi tai luu lwgng trung binh 70%
5L & véi cac phwong phap diéu khién
0 4 | 5 khac nhau
0 5 ' 1m0 a 0 ] 10 f Q
Q=7 Q=124
Piéu khién bat/tat Diéu khién VSD
[ (=)
" e Tiét Iy 89
Bom tit Bypass 82
30% thai 2/ X . .
slanp=0 5422 Diéu khién bat/tat 70
B & A8l Y 10 a Diéu khién VSD 45
Q=7
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Cac dinh luat déng dang cho bom

MdGi quan hé giira:

* Toc d6 bom (N),

*  Duong kinh canh bom(D)

* Luuluwong (Q)
* Cotap (H)
e (Cobng suat (P)

Sy thay d6i dic tinh lam viéc cia bom duoc chi phéi bégi
cac dinh luat dong dang.
Cac dinh luat nay cho thay hiéu suat bj anh hudng nhu thé

nao khi téc d6 bom thay déi hoic khi duong kinh canh
bom thay déi.

Cho thay déi téc dd Cho thay ddi dudng kinh canh
' bom
- Nmgi - (Dm)
Qs = Qg *(Nw”) Qo= Qg ¥ D
— N i = Dm’ 2
Hmaf—Hca*(r)z H =8 gw(5"
oy cu
=" N e - D mgi\ 3
Pmd!—Pcﬁ*(F)g Pmdfi_Pcﬁ* D
(=1} (=1
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Bom ly tam

Téng lyc can trd hé théng tir cac tdn that
ma sat (thay ddi theo ham |4p phuong
cla tdc do) cong vdi tdn that cot ap tinh
dé cung cap lwc nang.

TAt ca t6n that cta hé théng phai la ton
that ma sat dé céc dinh luat dong dang
c6 thé ap dung.

Cot ap

3, cac hé thd 5 cOt ap ti 1 Cot ap tinh
Do do, cac hé théng co cot ap tinh thap ot ap tin
thuong la lva chon tét hon cho viéc st
dung VSDs. \

Luu ludng
129
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Hé thdng bom — Chién lwoc tiét kiém nang lwong (Phia ddong co)

* Van hanh dong co bom & dién ap phu hgp
+ Giam thiéu nhiéu trong chat lvgng dién tai dau vao cda dong co

» Thay thé cac phuong phap diéu khién co hoc lwvu lugng truyén théng (van

tiét lvu, bypass, bat-tat) bang cong nghé VSD

 Thay thé& dong co, truyén déng hodc bom bang cac mau hiéu suat cao hon

 Cat got canh bom cho mét s6 &ng dung téc d6 ¢é dinh
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Vi du
T6 hop bom: M&i quan hé cé lgi can xem xét vdi cac hé théng tudn hoan doc 1ap vong
kin (hai mach thay luc) khi “cét dp tinh” khéng phai |a yéu t6 chinh

T6 hgp bom
50 Hz Tt <4 Luulugng —P| 25Hz 25 Hz
100% Cong sudt | | 0% Céng sust tu'ong duong 12,5% Cong sudt | [12,5% Cdng sudt
Tong 100% cong suat Téng 25% cdng suat
131
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Diéu khién tiét lvu

Van hanh vdéi bo
nghich luu tan s6

Luu lugng cép

min 0 180 360 540 720 900 1,080 1,260 1,440 1,620 1,880
% 0 10 20 30 4 5 60 70 8 9% 10

N&ng lwong tiét kiem dwoc khi thay thé didu khién van }iét lwu bang VFD dwoc xac dinh
b&i dién tich gi¢i han gitba hai dwdng déc tinh cong suat.
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Hé thong Bom — Chién lworc tiét kiém nang lwong (Phia tai)
Van hanh:

* Giam thoi gian chay

* Gidam luu luong

» Giam cét ap

Bdo tri:
* Slra chira ro ri
* Loai bo/giam cac lyc can trén duong 6ng
* Thay thé/stra chira cdnh bom bj &n mon

Thiét ké:
* Thiét k& lai hé théng 6ng dé giam t6n that cot ap
¢ Thiét ké& clra hat phai dam bdo dong chay téi clra hut déu va 6n dinh
« Khuyén nghi sir dung mét doan &ng hat thdng it nhat bang tam [an dweng kinh ngay tredc mat
bich hdt cia bom
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Panh gia & Thao luan

* Hai loai bom co ban la gi?

« D& cap mot sé6 phuong phap diéu khién luu lvgng
cho bom.

* Tai sao bom ly tam st dung diéu khién luu lvgng
co hoc la co hoi tot dé tiét kiém nang lugng?

* Dinh luat déng dang la gi?

* Cac loai bom nao ap dung dugc cac dinh luat nay?
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Tai co’ khi cia dong co: Quat
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Kien thirc cor ban vé Quat: Quat dung de lam gi?
Chirc nang: Chuyén khéng khi hodc khi (lwu chat— fluid) tir mot diém nay cda hé
théng sang mot diém khac

ST

l'l'l\‘

LU'U Y: Vé mat ki thuat co khi, chiing ta coi Khong khi 1a mét lwu chat. Vi vay, bat ky chuyén ddng nao cla khong khi do

quat tao ra déu dugc coi la dong chay “luu chat".
V@& khia canh nay, dong chay lwu chat cda khi trong quat vé mat todn hoc rat gidng vdi dong chay chat 1dng trong mot may

bom.
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Tai sao quat cé hinh dang khac nhau?

Hiéu suat duoc quyét dinh bé&i nhiéu yéu té:
* Loai quat (hinh dang canh)

* Duong kinh canh céng tac

* Chiéu réng canh cong tac

Vo quat

« To6c do quay
e Mat do luu chat

Canh quat —\

Ludng khi
ra

Ludng khi
vao
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Loai quat

Quat hu'dng truc

G =

Quat hén hgp Quat ngang truc
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Hé thong quat

Cach tiép can hé théng:
= Tiém nang tiét kiém clia quat khoang 5 dén 10%
= Tiém nang tiét kiém cda hé thong quat khoang 15 dén 20%

Quat ly tam hai
lubng hat

54 5

Néng lugng quat
hiru ich
139
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ac phwong phap diéu khien truyen thong

Diéu khién On/Off:

+ Dong chay lvu chat dugc digu khién bang cach bat va tat quat. Thweng yéu cau bé tri nhigu quat.
Canh chan gi6é dau vao va dau ra:

« M6t van duwgc dit tredc hodc sau quat dé han ché luéng lvu chat, lam giam lwu lwvgng qua quat va
déng thoi tao ra syt ap qua canh chan gié.

Canh hwéng dong dau vao cé thé diéu chinh:
 Cac canh cb goc nghiéng thay déi, diéu khién huéng va lvu lwvgng dong chay tai clra vao cla quat.

. Quat nhiéu téc dé:

« Cac quat duoc l13p déng co hai téc d6, cd thé chuyén déi gitta cac t6c dé tuy theo lvu lwvgng lvu chat
yéu cau.
Cat got canh quat:
* P& dap &ng yéu cau t8c do cu thé cda qua trinh, canh quat cé thé duoc cat got nham xac dinh lai diém
l[am viéc cta quat hiéu qua hon.
Diéu khién téc do quat:
¢ Luwu chat duoc digu khién bang téc dé thyc caa quat va bao gém
a. Co khi (hop s8, day dai, khép néi thly lwc)
b. Dién (VSDs — bién tan)
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Canh chan gié
« Céac nha thiét ké thworng cé xu hwéng chon quat qua c& dé dam bao an toan.
« Hé théng sau d6 can dwoc can bang (néu cd) bang cac canh chan gié.

» MGt canh chan gi6 luon dong gan nhw hoan toan hoac mét phan 1a dau hiéu
cho thay co co héi téi wu hoa tot.

—.I( Canh chn gi6 ctra ht 14 loai phd bién nhat =

Vi tri canh —
chan gié [ Canh chan gio6 ctra xa ciing pho bién nhwng kém hiéu
. qua hon nhieu

( Hoac céc canh chan gi6é dwoc dat & vi tri khac trong hé
. thdng
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Loai canh chan gié (cho diéu khién Iwu lwong)

Canh chéo

Canh song song

—

WAY.
|

Canh huwong gio Canh hudng gid
dang nén dang tru

\\\\\
LT
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To6n that trong moét hé thong quat dién hinh

BW
| Nan gié Khodng chuyén BS khugch tan 4 aia, gt
vaoﬁ & tiép day Miéng gi cap
m
Khéng khi
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Tén thit trong dng
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Huah?t/l | G ra
Tén thet b3 a.,rlha
gia nvdt m;,,m,;‘,g, Nguén : CIBSE Fan Application Guide
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Cac phwong phap 10| 1o- cion aieu tist cia it

diéu khién quat mét Sl
). - - FC= Khdp néi thiy Iwc
phén té| VSD= B diéu chinh téc o

mmmm TGt nhit theo ly thuyét

Phian tram tai

0 Phién trdm Iuu lugng 100
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Cong suat dong khi chia quat

Chirc néng: Van chuyén khong khi hoac khi (Ivu chét — fluid) tir mot diem
nay ctia hé thong sang mét diem khac

3
Flow (mT) * Head(Pa) * Compressibility Factor

Pfluid = 1000 = kaluld
P = Pru = * *
elec — Nystem nsystem = Nmotor * Nerans nfan /pump
Veoi:
Hé s6 nén nam trong khoang 0,96 déen 1 tuy theo ap suat
Nsystem Hi€U suat ctia hé thong quat/bom
145
8w ®
Phat hién tiem nang tiet kiém
Thay ddi nhu cau
- . Thay d6i nhu cau sau khi lap dat
Canchuy y olnit catl satl KAt 1ap s
Céng nghé diéu khién cii
Cac hé théng kém hiéu qua
Nhwng sé kh()’ hon dé xéc’ dinh Quat Iya chon khdng phu hop (C& hodc chdng loai)
hoac giai quyéet cac loai van dée — — i ,
khac sau déy Thiét ké hé théng c6 van dé (Pudong gid, bd loc...)
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Hé théng Quat — Chién lworc tiét kiém nang lwong (phia déng co)

* Van hanh déng co quat & dién ap phu hop

« Giadm thiéu nhiéu dién ap tai dau vao cua déng co

« Thay thé cac phwong phap diéu khién dong co hoc truyén théng (canh chan
gié, bypass, bat-tat) bang céng nghé VSD

+ Thay thé déng co, truyén déng hoac quat bang cac mau hiéu sut cao hon

 Thay dbi loai quat hodc loai canh quat d& phu hop v&i yéu cau tai

« Céat got canh quat cho mét sé trng dung tdc dd cb dinh
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Hé thong Quat — Chién lworc tiét kiém nang lwong (phia tai)

Van hanh:
» Giam th&i gian chay
* Giam lwu lvong
» Gidm cot ap
Bao tri:
« Stra chia ro ri (d&c biét tai cac méi néi va 6ng mém)
+ Dam bao cac canh chén gié hoat déng va dwoc diéu chinh dung
» Loai bd / gidm céc lwc can trong dwdng 6ng dan — nguyén nhan gay ting tré khang hé théng gom lwéi
loc, bd loc bj ban
« V4t can tai clra hat va clra x& quat lam réi loan dong chay, gay ra nhiéu loan
Thiét ké:
« Thiét ké lai dworng bng dé gidm ton that cot ap
* Thiét ké clra hut phai ddm bao dong chay tiép can clra hut déu va 6n dinh
« Cac doan cong dat tryc tiép tai clra hut quat sé 1am téng tén that va can tranh
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Panh gia & Thao ludn

- Dé cap mét sé phwong phap diéu khién lwu lwong
cho quat ?

. l\!hCPng co hoi n?o la phu hop dé dat ra cac cau hdi
toi wu héa hé thong quat ?
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Phan 10

Tai co’ hoc dong co: Khi nén

15U
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Tai sao st* dung khi nén trong cong nghiép
bong luc Quy trinh
Nhu mdt ngudn nang Khéng khi tré thanh mot
lvgng cho cong viéc phan cda quy trinh
Piéu khién
Pé dirng, khdi dong hoac diéu
chinh hoat dong clia may madc
151
8 em ©
Hé théng khi nén dién hinh
Thitbil
A =>
Binh chira khi nén th?‘:(f;:
Mdy nén khi Bolocdau 1amlanh pgjocpyi | Thigebiz

Nguén nang luvgng dén tir dau?

Diéu gi thuc ddy may nén khi?
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Cac ho may nén khi

May nén khi

Loai dich chuyén thé tich

Loai dong nang

Dang qua Pit-ton Ly tdm Huéng truc
e auay = (chi loai khéng dau) (chi loai khéng dau)
Truc vit Cach gat truot Khéng dau C6 bom dau
Khéng dau Cé bom dau

153
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May nén truc vit c6 bom dau

Khi nén
D‘au da’ H&n hop dau- o
lam mat khi nén

. Téach dau

Giai doan 2:

Phan tir loc

tach

a) Léploc
tho

b) Léploc
tinh

Giai doan 1:
Tach ly tam

Dau néng

Van hang
nhiét

Dau mang nhiét
tlr quéd trinh nén
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Tai sao khi nén lai cé nhiéu tiém nang cai thién hiéu suat?

Phan I&n cac hé thdng khi nén ban dau duoc thiét ké véi:

Gia dinh rang "nhiéu hon" 1a tot hon, khi néi vé nguon cung

it hodc khong quan tdm tdi hiéu suat ctia hé thong

Khéng cd k& hoach cho viéc tdng hodc gidm nhu cau hé théng

Chon mua hé thong cé chi phi dau tu ban dau thip nhat

Nhu cau ban d4u rat khéc so védi tinh hinh thuc té€ d3 thay doi theo
thoi gian

Va... ching ciing can dugc bao duéng thuéng xuyén
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Chuyén déi nang lwong khi nén

5% Ton that hiéu suat déng co’ va truyén ddng

80% — Nhiét sinh ra trong qua trinh nén

N\

5% t&i 10% Lang phi

Nan

qunfg dau Mat ap suat khong thé thu hoi

vao RO ri khi nén; Nhu ciu do

100kwW . Str dung khdng phu hop
Nguon: Data Power 0%-5% st dung hiéu qué

4

e Khodng 15% ndng lwvong dién dau vao dugc chuyén déi thanh ndng luvong khi nén, ty 1& ~7:1.
* Thuyec té, ndng lwong khi nén dat gap 7 Ian dién nang!
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Hé théng khi nén

+  Khi nén chiém 10% lugng dién tiéu thu céng nghiép
*  Hé thong khi nén thudng c6 hiéu sudt ning lugng thap: tiém ning tiét kiém
nang luong c6 thé nam trong khoang tir 5% dén 50%...

Chi phi dau
tw 16%
Gia dinh ) Chi phi ndang
* (Congsuat 110 kW lwgng 78%
TuGi tho thiét bi 15 nam
e Thoigian van hanh 4000 gio/nam Chi phi bdo
e Giad dién 0,05USS/kWh dudng

6%

Gia cung cap khi nén/kWh 13 xap xi 7 dén 10 lan gid dién
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Chi phi van hanh mdy nén khi dién hinh

Chi muc M43y nén truc vit lam mat bang khong khi 160 kW dién hinh

Ché d6 lam viéc: |Pay tai & 7,5 bar, 4200 gid/nam, khong tai 4000 gid/ndm

Gia dién: 0,13 USD / kWh
Céng suat: 182,5 kW (day tai), 58 kW (khong tai)
Luu lvong: 30,3 m3/ phut

Céng suat cu thé |6,02 kW / m3/phut

Cong thirc chi phi | kW x gio x gid dién

Cong thire chi phi |$ 130.000 mbi ndm

So sanh véi gia mua = $ 126.000
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So sanh chi phi vong doi

lmSo sanheehi phi vong doi 1@nam - May nén khftruc vit

. Gia mua
== Lip at
N Bao duing
N Nang lugng
m Tiét kiém

Ty 1& chi phi (%)

Nirvana M4y nén khi t6c d6 bién d6i Ingersol Rand Nirvana
2 cap

Tryc vit
Toc dé cé dinh
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Cac phuong phap diéu khién may nén

100¢ R « K N 1
Co6 thé tiét kiém nang
< sof lwong bang cach st dung
] VSD cho may nén khi truc
8 o1 vit, nhwng cac co hdi tiéet
E ¥ kiém nang Ilwgng chi phi
g% thdp thwong dwoc tim
—— Diéu khién didu bién théy & khau [',Png dung khi
20 -== Tai/Ngat ki€u truc vit , S\ 7
--- TéilNgat kidu piston nén trong nha may.
—— Diéu khién téc 48 bang VSD
% 30 a0 50 60 70 80 90 100

Nhu cau (% céng suat dinh mirc)
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Hé thong xtr ly khi nén

Giam nudc, bui va dau
trong khi nén duoc cap

X& ly nguén khi chinh &
murc chat lugng téi thiéu,
sau d6 nang cap tai diém
st dung khi can thiét

Bo loc sau cung

M4y nén khi

Binh chtra
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Toi wu héa hé thong khi nén

Giam lugng khi s&r dung
T6i wu khau tao khi va diéu khién mdy nén
Cai thién chat lvgng khi cap cho quy trinh

P wnN e

Tan thu nang lwgng tlr nhiét cua qua trinh
nén
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Hé thong khi nén — Chién lwoc tiét kiém nang lwong

RO ri la nguyén nhan gay lang phi ndng lwong 1&n nhat lién quan dén viéc
st dung khi nén.

Xem xét cac phwong phap thay thé cho cac rng dung dp suat thidp nhw
khudy tron, day chi tiét, vé sinh, lam mat va loai bd khoi — cac cong viéc
nay cé thé thyc hién hiéu qua vdi chi phi thdp hon nhiéu bang quat gié
hodc bd khuéch dai khi.

S dung ap suat hé thong thap nhat cé thé — moi khi tang 1 bar ap suat hé
théng sé can thém 7% cong suét.

Ton that ap suat dwdng dng ti 1& thudn vdi chiéu dai 6ng va ti Ié nghich vdi
duwong kinh 8ng — duy tri van téc khi duwdi 9 m/s.

9: Glnbal - ”@,@‘
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Hé thong khi nén — Chién lwoc tiét kiém nang lwong

Lap dat clra hut khi & vi tri cé khdng khi sach nhat, kho nhat va mat nhat
c6 thé — wu tién ngoai trdi néu cd thé.

May nén khi nap dp suat cho hé théng dén murc cai dat trwdc va duy tri
bang nhiéu phuong phdp nhu tuan hoan, xa khi, khéi ddng/dirng va diéu
khién téc dd bang VSD — t6i wu diéu khién dé dap rng duing nhu cau.
Chon hé théng loc c6 d6 sut dp thap nhat.

Hé thdng mdy nén khi thai ra mot lvong |&n nhiét thai cap thap, cé thé
tan dung hiéu qud cho mét s6 quy trinh céng nghiép, nuédc cap cho noi
hoi, hé thong sudi hodc théng gid.
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Ton that ro ri

Lwu lwong tiéu thu khi & .
", gt : Céng suat tdn that (kW)

6 bar (m?*/phut)
Pwong kinh 16 | L6 séc hé sb L& tron hgsé | Comesuattruc Cong suat géi (7,1
o 0.61 0.97 (6,2 kw / kW / m3/phat)

y , m?/phut) (kW) (kw)

1 mm 0,040 0,064 0,25 - 0,40 0,28 - 0,45
2 mm 0,16 0,25 0,62-1,5 1,1-1,8
3 mm 0,35 0,56 2,2-3,1 2,5-4,0
4mm 0,63 1,00 39-6,2 45-7,1
6 mm 1,42 2,26 8,8-14,0 10,0 - 16,0

Mot diém ro ri lién tuc co thé nghe thay (+2 mm) s& tiéu tén
thém 1,5 kW va gay tén kém 20.000 ZAR/nam.

Véi gia dién 0,10 USD/kWh,
mot 16 ro 6 mm tiéu tén thém

12 kW va gay tén kém hon

10.000 USD/nam cho chi phi
dién, chwa ké chi phi bao tri b

sung cho thiét bi khi nén.

*& " Glabal

"« Gateway

e iiian
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Tiét kiém twong doi cho cac co hdi khac nhau

Giai phap

Tich hop diéu khién tap trung cho nhiéu hé théng may nén

Dung tich luu trit duoc thiét ké va kiém soat

Thu héi nhiét thai

Tinh trang may nén: Cai thién lam mat, séiy kho, loc

Cai thién mang luéi phan phdi

Nhu cau ao

Str dung khong phu hop

Kiém soat ro ri khi nén

Thuc hanh xtr ly nudc ngung

Ty 1¢ hé thong ap dung

dién hinh (%)
75%
30%
13%
20%
35%
65%
38%
70%
33%

hinh (%)

Pham vi tiét ki¢m dién

12% —57%

8% —28%

19% — 65%

1% — 4%
4% —18%
5% —13%
5% —32%
8% —25%
2% —41%

Ngudn : Williams, A. 2018
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Panh gia & Thao ludn

« Bao nhiéu phan tram nang lwvong dau vao thudng
dwoc chuyén doi thanh nang lwgng khi nén?

 Loai may nén khi phd bién nhét trong cac co s&
cbng nghiép la gi?

« Co hdi dau tién can dwoc giai quyét dé téi wu hoa
khi nén la gi?
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Phan 11

Tai co khi déng co: Cac trng dung VSD
khac
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Ung dung VSD cho mdy lam lanh

Ung dung VSD cho may lam lanh d&t trén mai

May lam lanh dat trén mai
Quat
: Bom
Nhiét d6
khu vurc
VSD VsSD
Pudng hoi chat lam mét
169
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VSD trong bang tai
Béng tai ngang
T6c dd (m/s) .
Tai
Céng suat(W) = Mémen x Tc dd 1:;:2:'&“‘::

Tdc do ¢6 dinh

Tiét kiém nang Iqun

Cong suat

Tiét kiém ndng lwong trong bing tai sir dung diéu khién t&c @6,
c6 lién quan dén t6c do khong déi dién hinh

T8¢ dd bién thién

Tai
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Dién 4p déu vao xoay chiéu 3 pha pign ap thanh cai 1 chiéu Dién &p dau ra dang PWM
20%%%
= PWM

—Pién 4p RMS dau ra
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Tai sinh bang dong co’ dién

« Tai sinh la mét co hoi tot dé tiét kiem
nang lwgng trong nhiéu &ng dung van Ché do dong co Ché do mdy phat dién
chuyén vat liéu.

e Co hoi tai sinh xuat hién khi tai co khi
dan déng déng co.

« M6t VSD c6 dau vao chia déng la can
thiét dé cho phép nang lvgng chay
ngugc, tirc la tlr dong co (hoat dong
nhuv mét may phat dién) tré vé mang
dién cung cap.
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VSD véi dong cong suat hai chiéu

 Diéu khién truyén déng bdn gdc phan tu cho phép tai sinh nang
lwgng dién tir dong co khi hoat dong & ché do phat dién.

( Bo bién déi phia ludi } B6 bién d&i phia méy

BT CIEEEeTe:
SRR SECES

o “Bo chinh lwu tich cuc”

L3l

| |

173

Nang lwong tai sinh tir ciu truc (trucY)

Cong sudt tiéu thy cta tdi nang
50

]

\

a

Coéng suat (kw)

i, o ;
/ N
/ I
= [ Y
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VSD trong thang may
Céc ché dé van hanh cta dong co thang may
Phanh Chay Chay Phanh
Trong lugng ngudi > trong Trong lugng ngudi < trong Trong lwong ngudi > trong Trong lrong ngudi < trong
lwgng déi trong. lwgng déi trong. lwgng déi trong lugng d8i trong.
D) © &
=2 ]
S F |IS A F A
FT ¢ Y|y Fl fs v[s
0000
- NI %
Q
F- Lwc dongco S-Técdd
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ng dung VSD giup tiét kiém nang lwong phod bién

1

May bom ly tim, quat va mdy nén — trong d6 mo-men xodn ting theo binh
phuong toc d§ quay cua dong co.

Cong suat dién ting manh theo toc do (co thé dén luy thira bac ba), vi vy chi
can diéu chinh nho phit hop véi nhu cau quy trinh cé thé mang lai mirc tiét kiém
[om.

Bang tai, thang cudn, toi, can truc va cac thiét bi twong tuy — trong d6 mé-men
xo0an hau nhu khong phu thudc vao tdc do.

Hiéu qua t/et kiém chi phi va nang luong thdp hon S0 voi nhom dau tién

Vi cong suat dau vao chi thay déi tuyén tinh theo téc dé. Viéc phanh téi
sinh cé thé giup tiét kiém bé sung.
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ng dung VSD giup tiét kiém nang Iwong phod bién

3
Thay doi tai va toc do — co thé tan dung VSD theo nhiéu cach khac nhu diéu

khién quy trinh, khoi dong/dimg mém, hodc khi can mo-men khoi dong cao bét
thuong hay phanh tai sinh.

Higu qua tiét kiém chi  phi va nang Iu’o’ng thap hon so véi hai nhém dau
tien. VSD cho phep to: wu héa dién ép dé cai thién hiéu suét déng co néu
mé-men xoén thay déi.

Dleu khién chuyen dong (Motlon Control) — blen tan AC hién nay c6 thé cung
cap kha nang diéu khién moé-men/tdc do hiéu suat cao, twong ty nhu cac bo diéu
khién servo motor.
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Lo'i ich cua trng dung VSD

* Tiét kiém nang luvgng va chi phi l1én (c6 thé 20% — 70% )

Tang tinh linh hoat

Phu hop hon gitta may méc )

e A . Ki€ém sodt quy trinh t6t hon
v&i cac yéu cau quy trinh

Tang nang suat

* Kiém soat khéi dong va dirng t6t hon
* Giam dong khai dong
¢ Gidm 4p luc 1én hé thng = gidm nhu cau bao tri va kéo dai tudi tho.
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Cac yéu to can can nhac khi str dung VSD

Khong str dung khi

* Tiét kiém chi phi khéng mang lai hiéu qua tai chinh.
* [t co hoi dé gidm téc do.

* Nhu cau clia quy trinh it bién déng.

* Thiét bij lién quan khéng cho phép thay déi t6c do.
e Hé théng bom cé cét 4p tinh 1on.

¢ CO6 cac thiét bj khdc nhay cdm vdi sdng hai.
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Cac yéu tod can can nhac khi str dung VSD

Cai dat

Cé du khong gian vat ly dé I3p dat bién tan

Lam mat day du, khéng bui, khéng am

DAam bdo hé théng cap va bo loc dién phu hop

DAm bdo cach dién cla déng co day du

Thwc hién dung quy trinh chay thir
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Panh gia & Thao ludn

* Ty |& tiét kiém cho mét bang tai khi gidm xuéng con
mot nira tdc do bang VSD 1a bao nhiéu?

* Loai bién tan dac biét nao can thiét dé€ mot déng co cd
thé phat dién?

* Khi nao ching ta khéng nén st dung VSD?
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Phan 12

Chat lwong dién & Hé sd cong suat
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DPinh nghia vé Chat lwong Dién nang

Theo goc dd chat lvgng:

* C6 thé dwoc dinh nghia 13 viéc do lwvdng, phan tich va cai thién dién dp thanh cai
(bus voltage) nham duy tri dang séng hinh sin & dién 4p va tan sé dinh mic.?

Theo goc do kha niang tuwong thich:

* La kha ndang cia mot thiét bj hodc hé thc“igg hoat dong théa dang trong moi
trwong dién tir (EM) cta n6 (kha ndng mien nhiem), ma khéng gay ra cac
nhiéu dién tir khong thé chap nhan duoc déi véi bat ky déi tugng nao khac
trong moi trwong do (phat xa).?

1. Masoum et al. Power quality in Power systems and electrical machines

2. International Electroctechnical Commission (IEC)
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Twong thich dién tw

Mtrc tuong thich
2 Mtc 1ap k& hoach Mcrc kiém tra kha n3ng mién nhiém

Xac suat

Mrc mién
nhiém cda
thiét bi

M

'

L

H

Gidi han Murc nhiéu

Ngudn: UNIDO Power Quality Course: South Africa 2020
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Cac loai hién twong chat lwong dién nang
Chéat luvgng dién nang
| |
Chat lwvgng dang séng Nhi&u dién ap Tinh lién tuc dién &p
dién ap )
’V\'_-\_f\-‘- 2| Biendo w z::‘ ap ngdn M".- 'l:/;é;t gié)n(ngén han/
- "] Mt can bing M :11:: dp ngén
% song hai ﬂu\lf\d{ \ qus do
Nhﬁp nhay dién Xung 4p/dot bién
m a ,1.\" ~_ |aienap
.W Tan s& -
Ngudn: Eskom Power Quality Course Notes
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Anh hwéng cua sw thay doi dién ap d

_ u suat dong
co’

D>
=

=,
D>

B 20 ‘ I ]
Duy tri mirc dién ap 2ol NL ] /I
+ Khi hoat dong & murc dién ap thap hon zo 0 g \ 2 g*}?@ﬁs“& dJ
95% so véi dién ap thiét k&, dong co I I G ii é"lz’fﬁi@&”
thuoing bi giam 2 dén 4 diém hiéu suat. £ %;\,/ el
« Van hanh dong co & mirc dién ap cao E 5 L/lg"/i/ S
hon dién &p thiét ké ciing lam giam hé FRRLI S 7 o
s6 cong suét va hiéu suét. RE S 4
f‘:“:’ 20 4’5};/
[-% éo‘gf

A5 -0 5 00 45 410 415

Phan tram bién thién dién ap
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Cach tinh d6 mat can bang dién ap
Mat can bang dién ap thuc
Can st dung phép bién déi Fortescue

Thanh phan dién ap tha tw nghich % 100
Thanh phan dién ap thi tw thuan

% VU =

M4t can bang dién ap wéc tinh
Ap dung t6t cho cac gia tri mat can bang dudi 10%

Do léch dién 4ap Lom nhit so véi dién ap dwong day trung binh
% VU = = b e P e e X 100
bién ap dwong day trung binh

ANSI/NEMA Standard MG1-1993 (USA)
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Mat can bang dién dp & dong co

Anh huﬂélng Cl]a dién a'p mélt can Mikc ting phat nhiét & tén hao clia dong co’ theo dd mét can béng
N ~ R A' R R dién ap
bang dén nhiét do cudn day. s
. 80 - o

Mturc tang nhiét d bang hai et aong c
Ian binh phwong clia % mat w 60 S——
can bang dién ap. 5 w0

| 20 -

0 -

Mtrc tang = 2 x (M4t can bang %)?

MAt can béng dién ap

Ngudn: www.pumpsandsystems.com
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Bai tap ngan (10 Phat)

* Gia sir mot dong co 250 kW van hanh & murc tai 75%, 8.000 gio* mbi ndm véi 2,5% mat
can bang dién ap.

Hiéu suat dong co trong diéu kién dién 4p mat can bang

Hiéu suat dong co, %
;a;ﬁinifz MAat can bing dién ap
Danh dinh 1% 2.5%
100 94.4 94.4 93.0
75 95.2 95.1 93.9
50 96.1 95.5 94.1

* Tinh todn murc tiét kiém néu thuc hién bién phap khac phuc dé cai thién mat can bang
xuéng 1%.
* Diéu gi s& xay ra vdi nhiét d6 van hanh?
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Song hai

* Séng hai la nhitng dang séng ¢ tan sb la bdi s6 nguyén (1, 2, 3, ...) clia sdng goc, duoc
goi la song co ban (fundamental waveform).

 Khi séng hai két hop vdi séng co ban, dang séng tdng hop mdi sé bi bién dang.
Tan sd = 50 Hz

Séng sin co ban
=+ thuin =
Qv y QU
¥ Tan s6 =3 x 50 Hz = 150 Hz

'
-QO%- -— Song:ai bac 3—u -MQ- (séng hai bac 3)

Bang

= Song bj bién =
dang do hai
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Su bién dang clia séng co’ ban

Su bién dang do séng hai

1.5
0.5
-0.5

-15
Goc pha 58 118 178 238 298 358

e==S0ng co’ bdn ==—=Bic5 ===Bic7 e===Bjc 1+5+7

191
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Do bién dang song hai tong (THD)

Do bién dang séng hai tong 1a bién d6 cla sy bién dang séng hai trong
mot hé thong.

V22+V3 +V,” +...... +Vy

THD=\/

Trong dé:
* n la bac song hai
* n=1la tan s6 co ban cla séng ly twdng
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Gi&i han bién dang séng hai dién ap (Viét Nam)
Murc bién dang séng hai dién dp téi da cho phép

Mtrc dién ap Téng bién dang séng hai(THD) Bién dang riéng |é
500KV, 220kV 3.0% Khéng quy dinh
110 kV 3.0% 1.5%
Dién ap trung thé 5.0% 3.0%
Dién 4p ha thé 8.0% 5.0%
Do6ng thoi ciing cé gidi han dong dién & dién dp thép Tham chiéu: Théng tw 05_2025_TT-BCT-642994

. 20% néu tai <50kW
. 12% néu téi >50 kW

193

;
& i m %

B0 OB THTENG Le Gamay

Nguyén nhan gay ra song hai

» Song hai va s bién dang séng hai dwoc gay ra béi sy hién dién cda
cac tai phi tuyén
Nguén gbéc cua tai phi tuyén
« May han, 16 hé quang, 16 phan tng
« Cac thiét bi dién tr cong suat nhw VSD, bd kh&i ddng mém, bo
nghich lwu va cac thiét bi dién t& khac nhw PLC, may tinh, may chu,
may fax
« Thiét bi dieu khién trong chiéu sang (dén huynh quang, dén HID),
cac thiéet bi gia dung nhw tu lanh, 16 vi séng, man hinh TV
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Tai tuyén tinh
 Cac tai thuan trd, cdm va dung déu la tai tuyén tinh
* Dién ap ty lé thuan v&i dong dién
* Vidu: Dén soi dot, tai nhiét, déng co

Tai tuyén tinh

Im Im
Vi
I; \|I/" 2 ,/'f‘\\
2] [ Sl fl” NN
Re |\ Re ‘ Re 2
v R

c

Voltage / A 3,
sligk ) AT
™

w

pién tro Tu dién Cubn cam
Vcungphal  Vchamphal90° Vsd&dm phal90°
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Tai phi tuyén

* Tai khéng duy tri tré khang khéng déi trong suét chu ky hinh sin
« Dién ap khong ti & thuan véi dong dién

* May tinh o
R Méy photocopy Tai phi tuyén
«  BO diéu chinh d¢ 200 T — Diéndp
sang 100 + /\ Dong dién tai phi tuyén
e VSD 0
. Lolho (\:1uang 20 \/
*  May han
. R A 200 -
BO luu dién Géc pha (0-360)

*  BOsacpin
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Tac dong cua séng hai lén lwéi dién

Song hai lam dong dién tang Ién dé thwe hién cung mot cong viéc. biéu
nay lam tang chi phi ndng lwong, yéu cau day dan dét tién hon hodc
gay ra hién twgng qua nhiét va hw héng.

S6ng hai tAn sb cao gay ra tén hao 16i bd sung trong déng co, dan dén
tdn that nang lwong, chi phi ndng lwong bd sung va lam qua nhiét 16i
déng co.

Séng hai tan s6 cao cling co thé gay nhiéu cho tan so truyén thong
va cac thiét bj dién t&r nhay cdm, chang han nhw thiét bi hang khéng
(avionics) va thiét bi y té.

197
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Hé s6 dién ap séng hai
1
- Giam cong suat do nhiét dw

thira gay ra b&i sdng hai

N

0.6 T ' T T T J
0 002 0,04 006 008 01 02

Cong suat kha dung (%)
o
N

HVF - Hé sé dién ap séng hai (%)
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Giam thiéu séng hai

Thém tai tuyén tinh vao hé théng

Loai bo tai phi tuyén, néu cd thé

Cau hinh lai mang dé han ché& anh huéng cta séng hai

Lap dat mdy bién ap vdi hé thdng truyén dong 12 xung

Lap dat bd loc séng hai
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Hé s cong suat

Tw goc do hiéu qua nang lugng:

(D
Hé sé céng sudt (pf)

la mét ty sb cho biét bao nhiéu phén céng suat duoc
cung cap hodc tao ra co thé dwoc str dgng dé thuc )
hién céng viéc hiru ich trong mot hé thong dién cu thé.
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Hé sb cdng suat pf & tai mot phan cia dong co’ cam

rng
* Pdng co la xwong sdng cta cdng nghiép
+ 70% toan bo phu tai dién cong nghiép la i i ) LR e
doéng co Tai dong co PF dién hinh
. ~ ~ A ~ 0, o)
* 90% toan bo dong co dién trong cong 0% 17%
nghiép la dong co cam &ng 25% >5%
e e " 50% 73%
* Hé 50 cong suat o ché do tai mét phan 75% 80%
thuvong kém Day tai 84%
* Hau hét cadc déng co trong cdng nghiép 125% 86%
hoat dong & ché do tai mét phan
201
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Qua c& dong co va hé sé cong suat

Duy tri hé sé cong suat cao:

« Heé sb cong suat thip lam giam
hiéu suat ctia hé thong phan
phoi dién ca bén trong va bén
ngoai co s& cua ban.

« Hé sb cong suét thap xay ra khi
déng co cam ng van hanh &
mtrc tai nhd hon tai dinh mdrc.

A

2 [Ee] 5 97 1 AFEH 125

Hé s6 cong suét dién hinh so véi tai dong co’
Ngudn: IEC 60034-31
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Tai sao cin cai thién hé sd cong suat
K

e Gilp gidm nhu cau cuc dai va theo dé giam téng chi phi

Cai thién cung cap dién

hé 56 cﬁng * Gidm kha nang phai tra tién phat do hé s cdng suét
sué‘\'t kém tong t!wé’ kém ,

hOéC tha'p e Co thé tang dung lvgng hé thong

~ e Gidm t6n that trong hé théng

se A LT e e T 2 p

e Cai thién mulrc dién ap tong thé

* Giup kéo dai tudi tho déng co, nh& van hanh mat hon
va hiéu qua hon

203
0 Gmm @
?2e oA
Cai thién hé sé cong suat
* Hau hét cac thanh phan phan khang la cdm khang
* Cai thién hé s6 cdng suat bang cach bd sung tu dién vao hé théng
* Viéc nay gitup giam goc léch pha
Hé s6 cong sudt thdp BG sung tai dung khang
e 1 KVAR-
KVAR-cam khang WA cdm khang/dung khéng
. e=18"
kW g

pf = cos(357) = 0.82 pf = cos(18°) = 0.95
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Séng hai va hé soé céng suat (pf)

 Véi tai tuyén tinh, hé s6 cong suat chi lién quan dén song hinh sin 50Hz.

+ Vi tai phi tuyén, cac dang song cua cac thanh phan séng hai ciing can duoc
tinh dén, vi mdi séng hai déu cé hé sé cong suat riéng cda no.

+ Hé s8 cong suat téng mai sé bang téng he'p cha séng co ban cong vai cac hé
s6 cOng suat cda cac séng hai.

* Heé s6 cong suat tai 50Hz duoc goi la hé s6 cong suat dich pha

* Cac hiéu chinh hé s6 cong suat do bién dang séng hai duvoc goi la hé s6 cong
suat bién dang

* DG vai tai phi tuyén, hé sé cong suat téng sé luén nhé hon hé sé cong suét dich
pha.
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Song hai trong twong lai

Séng hai sé& chi ngay cang gia tang trong

céng nghiép khi ngay cang nhiéu doanh

nghiép s& dung cdc thiét bi dién tir tién
tién dé diéu khién may madc san xuét.

Viéc xay dwng mot ké hoach chién
lwoc vé séng hai phu hop cé thé
mang lai nhirng khoan tiét kiém dang
ké trong twong lai va gidm thiéu ton
that trong san xuét.
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Chi phi do chat lwong dién nang

Chi phi truc
tiép

* Mot s6 don vi cung cdp dién ap dung phi
phat do cdng suat phan khang (kVAr) qua
murc

* Congsuat phan khang la phan cong suat

khong duwoc st dung, lam tang cong suét
dinh va chi phi

* Hu hong thiét bi
¢ T6n that sdn xuat va nguyén vat liéu
. Ch| phi nhan cong trong thoi gian ngirng

san xuat

 Chi phi kh&i ddng lai hé théng

Chi phi gian
tiép

«  Khéng thé hoan thanh dung tién
do

« Mét cac don hang trong twong lai
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Giam thiéu sw cd chat lwong dién ning

Loai sw ¢&

Nguyén nhan

Hau qua

Ngudn:
Schneider Electric

Vi du giai phap khic phuc (thiét bj chuyén dung va cai tao)

Bién ddi va dao dong dién
ap

Bién ddng tai lon (may
han, 16 hd quang, v.v.)

Nh3p nhay anh sang dén

Bo bu céng suat phan khang co dién, bo b phan khang tirc thoi,
b6 diéu hoa dién tir nbi tiép, bod dbi nac bién ap

Sut ap (Voltage dips)

Ngan mach, déng cét
tai lon (khéi dong
dong co, v.v.)

Gian doan hodc ngtrng qua
trinh: mét dir liéu, tiép diém bj
mé, khéa co cau truyén dong,
dong co’ bi cham hoac dirng,
deén phéng dién tat

UPS, bd bu phan khéang tirc thei, bd diéu chinh dién ap dién tlir dong, bd
kh&i dong mém, bd digu hoa dién tir ndi tiép. Tang cong suat ngédn mach
(Scc). Thay d8i phan cap cla thiét bj bao vé

Gian doan (Interruptions)

Ngén mach, qua tai, bdo
tri, cit dién ngoai y mudn

Gian doan cung cap dién

UPS, chuyén nguén co khi, chuyén mach tinh, bo dat lai bing
khong, may cét, quan ly diéu khién tir xa

Séng hai (Harmonics)

Phu tai phi tuyén (bién
tan, 16 hé quang, may
han, déen phong dién, den
huynh quang, v.v.)

Qua tal (day trung tinh,
nguén...), ngét ngoai y muon,
lao héa nhanh, giam hiéu suét
néng lweng, giam nang suét

Cudn khéng loc séng hai, bd loc thu déng hodc chu déng, bd loc lai, cudén
khang ndi tiép. Téng cdng suat ngan mach (Scc). Han ché tai gay nhiéu.
Giam dinh mirc thiét bj

Lién séng hai (Inter-
harmonics)

Tai dao déng (16 ho
quang, may han, v.v.),
bién tan tan s&

Gian doan tin hiéu do lwong,
nhap nhay

Cudn khang néi tiép

Qua dién ap thoang qua
(Transient overvoltages)

DPong cét thiét bj dién, tu
dién, sét

Khéa truyén dong, ngét ngoai y
mudn, pha héng tl dién, héa hoan,
t3n that

Chéng sét van, thiét bj cat sét, dong cat diéu khién, dién tré chén
trwére, cudn khang néi tiép, bd bu tinh tw dong

Mat can bang dién ap
(Voltage unbalance)

Tai mat can bing (tai mot
phalén, v.v.)

Mé6-men ngwec (rung doéng dong
co), qua nhiét dong co khong
ddng bd

Can béng tai. B4 bu dién tlr song song, bd diéu chinh dién ap dién tir dong,
ting cong sudt ngan mach (Scc)
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Panh gia & Thao ludn

« S6ng hai trong thuat nglr chat lwong dién 1a
gi?

Sy mat can bang dién ap anh hudng nhu thé nao
tdi hiéu sudt déng co?

209
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Phan 13

Truyén dong co hoc: Hop s6 & day dai
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Truyén dong co khi

« Dung dé truyén mo-men xodn can thié€t dé€n mot diém sir dung khac.

« Can diéu chinh yéu cau tai co khi phu hgp véi tai: ching chuyén déi
cdng suat dau vao do déng co cung cap thanh dau ra cé toéc d6 vong
quay thap hon va mé-men xodn cao hon, hodc nguoc lai.

* Thiét bj truyén dong bao gém truc, day dai, xich va banh rang can duoc
lap dat va bao dudng dung cach.

* Thiét bj truyén dong hiéu suat cao nhu banh rang nghiéng va day dai
déng bé nén duoc sir dung khi thich hop.
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Truyén déng co’ khi — Hop so

Giam téc do

212
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Truyén dong co’ khi — Hop so

* Puoc st dung cho cac tai cd téc dé thap,
momen xo0an cao
M6t sé loai:
* Nghiéng
+ Thang
* Con
* Truc vit
» Ton that cha yéu lién quan dén ma sat
cda banh rang va 6 truc, ton that do can
gi6 va dé nhét cua dau boi tron.
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Truyén dong co’ khi — Banh rang truc vit

» Hiéu suat dién hinh clia banh rang truc vit nam trong khoang 50% — 85%
(phu thudc vao ti so truyén, toc dd, chat béi tron va nhiét do).

214



Qi ®

oo s ~
——— g ey Lt W g

Truyén ddng co khi — Banh rang tru rang nghiéng

* Banh rang tru rang nghiéng va banh rang con cé hiéu suat dién hinh tir 98-98,5%
cho mdi cap (t6n that 1,5-2% cho mdi cap).

1750rpm

167.270
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Vi du minh hoa
Hleu suat he thong Banh rang truc vit(75%)
Dbai chiy

= * * *
n= ndéng co  Ndai r'ltnglc vit Nyich

=0,908 * 0,93 * 0,75 * 0,96

V(93%)

Truyén déng
xich (96%)

— (o)
=60,8 % T
tréng
“ e A » . Pong
Truyén tai cong suat S c0(90,8%)
| e |
Céng suat dau vao =16,5 kW (Po dac) Bang tai
Céng suat co dua tdi bang tai =16,5 * 0,608 = 9,1 kW
T6n that cong suat trén hé truyén = 7,4 kW
dong
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Truyén ddéng co khi — Dai @

* 1/3 cac tmg dung truyén dong sir dung dai.

* Dai mang lai tinh linh hoat cao trong viéc bd tri dong co so voi tai, déng ~
thoi dé dang diéu chinh téc do. G
Mot s& loai chinh:
* Daichit V (c6 hoac khong cé rang) .
* Pai phang T

* Pai déng bd
* Daichit V dugc st dung rong rai nhat, vai hiéu suat 90-96% (phu thudc vao
dd dan hoi, luc cang, do truot va su dong truc). £

+ Néu lwc cang qua I&én — tang tbc d& mai mon cla dai va 6 truc
* Neéu lwc cang qua nhé — do trwot va ton hao tang I1én

* Loai dai c6 hiéu suat cao nhat |a dai det va dai déng bd. Trong d6, dai déng bd €§
dat hiéu sudt khodng 98-99%.

217
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Truyén ddng co’ khi — Dai Can chinh puly I

cwe ky quan trong

* Vidai chr V hoat dong theo nguyén ly ma sat,
két hop v&i loi thé co hoc clia nguyén ly ném |a
yéu t6 quan trong nhat d& ddm bao van hanh
bén bi va bn dinh.

« Néu lyc cang qua nhé — dai bj triot, gdy mai mon nhanh & dai
va puly, ddng th&i lam gidm nang suét.

« Néu lwc cang qua lén — tao rng suét qua muc lén dai, b truc,
truc — lam gidm hiéu suét.
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Truyén dong co khi - Dai
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= / \ Puwong cong hiéu suat
5 \ cho dai chir V co
S o rang dién hinh
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a
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Phan tram tai danh dinh
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Truyén dong co khi - Dai
100+ Dai phing "
wr /T Cyc dai " Pai dong bo
961 <
g | g ®
5 o . 7,
z % |
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Day tai (%)

Tai dinh mdrc (%)
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Truyén déng co’ khi - Pai

So sanh cac dac tinh chinh cla truyén dong dai

Hiéu suat | Phu hop véi | Yeu cidu bao tri | Can thay déi Pic diém ndi bat
dién hinh | tai bién thién dinh ky puly
(%) dot ngot
Pai chir vV 90-98 cé cé Khdéng Chi phi ban dau thap
PaichirVcé | 9598 cé cé Khéng Dé dang lép thém
rang Giam trwot
Paidéngbd | 97-99 Khong Khong Cé véichiphi [Ung dung & tbc do
caohon  [trung binh thap. Khéng

trwot. Co tiéng 6n

'3' < Global
"« Gateway L

oo s
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Vi du minh hoa

Mot ddng co quat cap gid 75 kW van hanh lién tuc (hiéu sudt 93%) lam
viéc & tai trung binh 75% va tiéu thu 530 000 kWh mdi nam.

Mrc tiét kiém nang lwong va chi phi hang ndm |a bao nhiéu néu dai chir
V hiéu suat 93% (n, ) duoc thay bang dai déng bé hiéu suit 98% (n, )?
(Gid dién 0,37USD/kWh)**

Tiét kiém nang lvong

=Nang lvgng tiéu thu nam x (1 —n,/n,)
= 530,000 kWh/n&m x (1 — 93/98)
= 27,000 kWh/nam

Tiét kiém chi phi hang nam = 27,000
kWh x LKR 37/kWh

=9 990 USD/ nam
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Khép néi true tiép

« Luon 1 lya chon tot nhat khi c¢6 thé, nho don gian, it bao tri va hiéu suit cao.
* Cac loai dong co mdi va dac biét 1a cac b truyén dong madi khién lya chon nay
ngay cang kha thi.

« Néu can chinh dang, hi¢u suét s& rat
cao (99%).

 Néu can chinh khong dung, hiéu suat
dong co va tudi tho 0 truc sé bi giam.

« Chi c6 thé st dung khi tdc d6 cua dong
co gan voi toe do yéu cau cua tai.
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Panh gia & Thao luan

* Cac chirc ndng chinh cla truyén dong la gi?
» Cac loai truyén dong co ban la gi?
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Phan 14

Bao tri & Stra chira

225
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Tai sao déng co’ bi hong?
(- V¢
* Thong so ky thuat khong phu
hop
Cacvinde | [l
phat sinh J * Van hanh trong diéu kién

tu:

méi trwdng bat thwdng
« Chat lwong dién nang kém
« Bao tri kém
« Hw hong co khi ttr bén ngoai
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Wil "« Gateway

Huw héng theo thanh phan ddng co’

D&y quan
stato 16%

Nguyén nhan bén
ngoai (16%)

Thanh
R6to 5%

Truc/Khdp
ndi 2%

' Khéng

xac dinh
10%

O bi Ngudn: EASA
51%
227
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Cac dang huw hdong ddéng co phod bién

Cac khu vuc hw héng dong co phd bién nhat ( Ngudn IEEE )

B Qué nhiét

Day quan

B Hong cach dién

) ™ Hong héc co hoc
O bi

B (6i dién
0% 25% 50% 75% lm Nguon: IEEE
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Kha nang hu hong dong co’
d Nang ong dongc

Diém h'u‘ héng ié Rung déng 1-9 Dit lieu hif,u sudt (phu
t.hf’l phat hién dau thang L thudc nhiéu vao hiéu

tién Nhiém ban mai chuan thiét bj do) 1

mon trong dau 1- tuan — 6 thang
1 j 6 thang
/ Chup nhiét héng
ngoai 1-12 tuan
/ Bdo tri phong
nglra dinh lugng:
vai tuan
Tiéng 6n nghe
thay: vai tuan
Nong khi cham
& tay:vaingay
Héng héc
Tot Tinh trang thiét bi Kém Ngudn: EASA

Q Glnbal - o]

nies s 3w s ity
S s sty e g

b AY ? ’
Phong ngwra hong hoc
¢ Ngan nglra dong co hdng hdc thudng dé dang hon so vdi stra chita hoic thay
thé no.
 Cac sy c6 thuong dan dén thiét hai san xuat - mirc do6 thiét hai nay thuong 16n
hon nhiéu so véi gia tri ban than déng co.

| Quy trinh van hanh ]

Vay bat dau phong  "pigy kién van hanh ]
]

]

nglra tir dau?

[ Chat lvgng dién nang

LBéo tri va kiém tra
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Moi lién hé gitra nang lwong va bao tri

« Cac van dé bao tri thé hién tén that nang lugng — déng thoi la ddu hiéu
cua co hoi tiét kiém.

« Kiém tra bao tri dinh ky ciing cung cap thong tin vé hiéu suat ning
lvong.

« C6 thé tan dung co s& dir liéu bao tri dé luu trir dir liéu tiéu thu ndng
lvong?

* Du an bao tri luon dugc wu tién hon dy an tiét kiém nang lvong!
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Nhirng bién phap bao tri gitp tiét kiém nang lwong

Can chinh B&i tron Loai Iao bui
truc ban
~__ .. || Canbang Loc séng
Thong gio | |~ 4ian ap hai
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Diéu kién anh hwéng dén hiéu suat/do tin cay cua déng co’
Khéi dong va dirng thwong
xuyén
« C6 thé gay hw héng ddng co sém

Mat can bang dién ap hoac dién
ap thap/qua ap
* Gay phat nhiét b6 sung
* Tang tn hao ndi b cla dong co
Diéu kién méi trwong . D‘C)ng co phai gidam dinh mirc khi mirc méat can
bang dién ap cao
e Tan nhiét kém do nhiét d6 moi
trwong cao
« L& théng gi6 cua dong co bj tac
mot phan
« Ung dung trong modi trwong
ban/Am wot

Van hanh theo hé s6 tai

¢ NEMA khuyén nghi nén gidm dinh mirc dong
co khi van hanh theo hé sé tai

233
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Danh Sach Kiém Tra Bao Tri Tiét Kiém Nang Lwong

e DAam bao déng co, VSDs va thiét bj lién quan sach s&, khdng bui ban & vat can

e Pam bdo théng gid va lam mat day dd

e Kiém tra d6 chat va dong truc cda déng co & thiét bi

¢ Kiém tra day dai truyén déng:

. PO mon

. Vi tri chinh xac trén puli

e D6 dong truc cla day dai & puli

. D06 cang phu hop

* Kiém tra boi tron - du dau, khéng ro ri

* Nghe 4m thanh - phat hién tiéng bat thudrng (nhan vién van hanh s& nhan biét khac biét so vdi
binh thwong)

 Kiém tra ngudn dién - dién ap trong pham vi cho phép, cac pha can bang
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Stra chira hay thay thé?

* Kha nang stra chira
Quyét dinh phu Theoi gian ngirng may
thudc vao * Tai chinh

* Tudi tho du kién

* Hiéu suat nang lwong
Chingtaco * Chi phi vong doi
xem xét  Tong chi phi s& hiru

235

i H
8 Gom @

Tai sao chon stra dong co’

* Stra chita mot déng co cli thuong la mét lwa chon cé chi phi ban dau
thap hon, va do d6 trd thanh mac dinh. Theo “quy tic ngdn tay cai”,
chi phi sira chita cé thé vao khoang 2/3 chi phi mua déng co mdi,
nhwng con sé nay thay déi tuy trudng hop.

* Ky su bao tri thwong khéng duoc huwdng loi truc ti€ép tir khoan tiét
kiém nang luvong l1au dai khi mua mét déng co mdi hiéu suat cao
hon, nén ho sé wu tién gidi phap cé chi phi ban dau thap hon.

e Cac don vij stra chita thwong thich sira hon la thay mdi, vi lgi nhuén
cao hon. (Tuy nhién, néu ho lién tuc thic day viéc sira chira khong
kinh t&, ho s& sém mat khach hang).

236



"& " Glabal

oo s

"« Gateway

Khi khéng c6 bat ky hé théng chirng nhin nao, ban phai tw danh gia

Nhirng diéu can xem xét:

Kho phu tung

*  Ho c6 tdn kho phu tung thay thé day da

khoéng?

*  Ho c6 dai kich c& day quan phu hop

khong?

Ki€m soat chat
lwong

e Cébang chirtng ndo vé hé

théng kiém soat chat lwgng?

Théo day quan

*  Ho cd 16 nung trong tinh trang t6t v&i hé

théng diéu khién dam bao khéng

Kiém tra dong

* Ho tién hanh nhitng thir

nghiém nao d6i véi dong co
sau khi stra chira

Nhan sy

Nhan vién cta ho cé kinh

nghiém gi

"& " Glabal

oo s

"« Gateway
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L6i stato - Nhiét dd dot chay

Day 1a mdt phan quan trong trong qua trinh stra chita |
Nhiét dd dét chdy can dugc kiém soat chat ché

< 360°C 360 t¢i 370°C > 400°C
L&i c6 thé khong hcf: tlhc,f li?ch
sach, can lam sach bé Nhiét d6 Iy '6°19P
. 5 dién vo co
sung va co nguy co twong IR
R gilra cac 13
hw héng co hoc .
thép

Ngudn: Reliance Electric
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Quy Trinh Stra Chira Chat Lwong

* Tranh lam hong 16i stato khi thao cuon day
ci.

* Quan lai day dung c& day, sé vong day va
|&p cach dién

» Si&r dung quat lam mat phu hep.

* L3p dung loai vong bi va boi tron ding
cach.

Tai Anh, hon 80% céc cong viéc slra chita tuan thu quy trinh
nay (cac dong co khac thyc su khdng thé ddp (ng tiéu chuln
slra chita k§ thuat tdi thiéu).

The Effect
of Repair/Rewinding
on Motor Efficiency

EASA/AEMT Rewind Study
and
Good Practice Guide To Maintain Moter Efficiency

«Gateway
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Panh gia & Thao luan

* Loai hong hoc dong co phé bién nhat la gi?

 Tai sao nhiét d6 nung cua 10 sdy stra chira déng co lai
quan trong?

* Hay néu mot s6 ky thuat co thé dung dé dy doan
héng hoc dong co.
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Phan 15

Tién hanh danh gia MSO
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Tai sao cdn danh gia ning lwong hé théng déng co’

Tai sao ching ta can né?

+ Nang lwong ton tién

« Thiét bj tn tién

* Giam chi phi van hanh sé cai
thié’n loi nhuan c,ho cung mot
khoi lwgng san pham

« Co hoi tiét kiem luon ton tai

C:) Lgi ich 12 gi?

- Tiét kiém tién

« Thay dbi van héa van hanh
Ban l&anh dao sdn sang dau tw
vao dy an tiét kiém nang
lwgng, nhan vién hinh thanh
thoi quen gidm lang phi).
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Tai sao cdn danh gia nang lwong hé théng déng co?

70% —} tai dién cong nghiép duwoc tiéu thu bdi cidc hé théng dong co

) Céng nghé diéu khién cii
Co hoi giam tiéu thu —
néng Iu’g’ng bao g‘é‘)m: Diéu kién van hanh thay doi

Nhu cau san xuat thay déi

Mac du hiéu suat hé théng cé thé khodng 60% hodc cao hon,
- nhung thuwong giam xudng dudi 50% va tham chi thap tdi 15%-20%

243

Q e »
s .'-g!!nt:ﬂay ! w-??\_r.
he—— R LN W 00

”y
> LIV n

Loi ich cha viéc toi wu hoa hé thong déng co’

Tiét kiém nang T e Cai thién do tin cay
lwong / gidm chi dai ' van hanh va kha
| phi ' ndng diéu khién
Kha nang tang san lwong ma khong can bb sung ngudn B o
nang lwong (von co thé bi han ché) Giam phat thai CO
Tranh chi phi dAu tw méi bing cach tan dung ti da tai san IE?”’QC Pté”g“ d”héﬂ
thiét bi hién co a mo “doan
- nghiép xanh
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Loi ich ctia quan ly hé thong déng co’

Ting ning suit

Cai thién d§ tin cdy

Giam chi phi

Kiém soat tot hon ddi voi yéu
cau quy trinh
hoc

Linh hoat trong viéc dap tng yéu Thoi gian van hanh dai hon gitta
cac lan bdo tri

cau san xuat

Giam phé phim va gia cong lai

Thoi gian ngimg may co ké
hoach thay vi bao tri khi hong

Tudi tho thiét bi dai hon

Van hanh hi¢u qua hon

Giam chi phi bao tri

Giam chi phi don vi san pham

Quan ly hé théng dong co hiéu qua phat trjén sw cong hudng gilra cac chuong trinh bao
tri phong nglra va dy doan, van hanh thiét bi va nang suat quy trinh de thiét lap chinh
sach slra chira/thay thé dwa trén cam két Iya chon va van hanh thiét bi tiét kiém nang

lvong.
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Loi ich cia HQNL ddi v&i cac nén kinh té méi noi

Viéc nang cao hiéu qua nang lwvong mang lai nhiéu |gi
ich dac biét quan trong cho cac nén kinh t& méi noi
va cac qudc gia dang phat trién, khi ho tim cach khai
thac ngudn tai nguyén cla minh dé gidm nghéo déi va
hd tro ting trudng bén virng:

Tiép can : Hiéu qua nang lwong cé thé gilp cac quéc
gia m& réng kha nang ti€p cin dién nang, cho phép
cung cdp dién cho nhiéu ngudi hon théng qua ha
tang ndng luong hién co.

Phat trién / Tang trwdng :Hiéu qua ning lugng cé
nhiéu tac dong tich cuc ho trg ting trwdng kinh té, vi
du nhu cai thién ndng suat cong nghiép va giam chi
phi nhap khau nhién liéu.

Kha nang chi trd / Gidm nghéo : Hiéu qua nang lvong cé
thé nang cao kha nang chi tra dich vu nang lvong cho
cac hd gia dinh nghéo bing cach gidm chi phi trén mdi
don vi cho chi€u sang, sudi, lam lanh va céc dich vu khac.

O nhiém dja phuong : Hiéu qua nang lvong (ca phia cung
cap va phia sir dung) cé thé gitp gidam nhu cau phat
dién, tlr d6 cat gidm phét thai lién quan — dong thoi
van ho tro ting trwdng kinh té.

Kha ndng chéng chiu bién d6i khi hiu (Climate change
resilience): Bang cach gidm nhu ciu vé ha tang ning
lwgng, hiéu qua nang lugng cling gidm sd lwgng tai san
nang luvong phai d6i mat véi cac hién tugng thoi tiét

cuwc doan. Ngudn-IEA, 2014
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Rao can vé Thong tin, Hanh vi, T6 chirc va Thij trwdrng déi véi Téi wu hda hé
théng ddng co’ (MSO) va hiéu qua ning lvong
K

P ¢ Gia nang lwong va thué duoc tro’ cap trong mét sé qudc gia ddi véi khu vre cong nghiép; do dé,
doanh nghiép c6 thé khdng phai tra toan bd chi phi thwec té& cla viéc sir dung nang lvong va it cé
déng lwc hon trong viéc giam tiéu thu.

K Kién thirc (0] T6 chirc P Chinhsach
247
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Rao can tai chinh ddi vé&i Téi wu héa hé théng déng co (MSO)

va hiéu qua nang lvong

K/F * Céac khodn dau tv vao dy an hiéu qua nang luong thudng khong dép tng tiéu chi tai chinh
trong doanh nghiép (d3c biét tai cdc qudc gia cd 13i suat cao).

P/F * Doanh nghiép thi€u kha nang ti€p can vén

* Cac khodn dau tu bi coi I3 rli ro qué cao do thiéu quen thudc vdi dy an tiét kiem nang lwong
so véi cac du an cot 18i trong hoat dong kinh doanh, va do khé dy dodn gid nang lugng trong
tuwong lai.

K/ F

O/F * Doanh nghiép thudng muén st dung von va ngudn lwc dé phat trién va mé réng san xuat kinh
doanh. Khi muén cat gidm chi phi, ho thwdng mudn lam ma khdng phai chi qua nhiéu vén dau
tu. Cac cong ty thudng chi tai tro cho nhirng duw &dn cé thoi gian hoan vén trong vong 18 thang
dén 2 ndm hodc ngdn hon, trir khi dy 4n dé con mang lai két qud vé ndng suat hoic ting
trudng.

K/F Kién thirc / Tai chinh O/F T6 chirc / Tai chinh O/F Chinh sach / Tai chinh
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ai hém qua: Chung ta bat dau tir dau?

(@}
>

/1. L4p danh sach tat ca cac hé théng dong co
2. Xac dinh th tuw wu tién danh sach 10-20 hé théng
3. Xem xét tirng hé thdng dong co

a. Bat dau tir khau st dung cudi cung

b. Dat ra nhitng cau hoi lén /

249

e  Giobal

woseneme *CAteway N O
——— "

On lai hém qua: Bat dau tir khau st dung cudi cung...

Bat dAu tir quy trinh noi nang lwgng cudi cung duoc sir dung va lam viéc
nguoc lai vé phia nguon.

Thiét bj duogc dan
dong (d)

Dién tlr cong suat(a) Pong co (b) Hé thang truyén dong (c)

57% nang lugng
hitu ich

T6n that truyén T6n that quat 28%

ién dau vao Tén that bo didu Tén that dong co
dong 10%

khién 5% 8%
Ton thit ning lwgng xay ra & mdi giai doan. Hay xac dinh cac ton thit va tim ra co hdi cii thién tot nhat
250
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On lai hém qua: Dat nhirng Cau hoi Lén

dinh nhu thé nao?

/1. Hé théng dang c6 gang dat duoc diéu gi? \

2. Cac thiét ap la gi — nhirng thiét 1ap nay duoc xac

3. DAy cd phai cich tét nhat dé thuc hién khdng?

4. Chuang ta cd thuc sy can nd moi ldc khong? /
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On lai hém qua: Téng quan Danh gia

. Xac dinh loai ddng co va &rng dung tai

e Xac dinh yéu ciu hé thong

e  Thiét |ap thoi gian van hanh va chi phi

e Tinh todn chi phi van hanh hang nam

e Kiém tra phuong thirc van hanh va quan ly

e VBso do hé thdng thé hién tat ca thanh phan
e Xdac dinh phuong phap diéu khién dong co

e Xac dinh cac diém co thé gay kém hiéu qua

e Tinh todn céc ton that néu cé thé

e Udctinh khodn tiét kiém tiém nang

Hé thong Pong co
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Nhirng hanh déng c6 thé thuc hién?

Tuy chon tat
thiét bj

Nang cap
doéng co

T6i wu héa hé
thong

Co hdi ap
dung VSD

Xac dinh cac hé théng can dugc diéu tra sau hon — Bom,

quat, khi nén

253
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Co hoi: Tat thiét bj

Khi néy

Giai lao

Lwu y: y

Ngoai gio lam viéc

Xem lai thoi gian bat/tat thiét bj

Cong tac hen gi®r / diéu khién BMS

Thay d6i dung cu

Giira cac 16 san xuat

Gi6i han tan suat bat/tat —
déng co chi cé thé duwoc bat
va tat mot s6 lan nhat dinh
trong moi gio.
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Cach tat dung cach

Thi cdng { * Dao tao

BO hen gio

BO diéu nhiét

Lién dong an toan
Cam bién tai

Diéu khién qua trinh

Tw dong <

255
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Co hdi: Nang cap déng co’

Phat trién Chinh s&ch Quan ly Bong co dé tao ra mot
cach tiép can c6 hé thong cho viéc nang cap déng co.

Dong co Ion chay lién tuc.
Can chu
y dén

DPoéng co thwdng xuyén hdng hodc cé vong doi ngén.

Dong co chay véi tai thap hon nhiéu so véi tai dinh mirc (< 50%).
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Co hdi: Truyén déng

Can kiém Can lang
tra nghe

e e

Day dai truyén dong bi chung.

Van dé lech truc dong co. *  Hop s6 phat tiéng 6n Ion.
* Hong 6 truc dong co. sy s w ,
* Puly phat tiéng rit.

e RO ri dau dudi hop so hodc bo

truyén dong.
257
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Co hoi: VSD
Can kiém tra Can xem xét
« Cac bom va quat dan dong cac « Xem xét lai cac théng sb
qua trinh va tai cé nhu cau bién van hanh hién tai ctia hé
doi théng
« Dong co chay thap hon nhiéu so LS At 4A oz
VGi tai day Lap dat dong co moi dé

) cho phép diéu khién VSD
* Hé thong vong kin v&i cot ap tinh
thap

* Hé thdng hién c6 voi thiét bi
song song (vi du: nhieu bom
trong hé thong lam mat)
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Vi du minh hoa: Co héi tiet kiém VSD

Hé théng bom hién tai:

Dong co chay & 2900 vong/phut, cong suat dién vao: 22 kW, dp suat: 4 bar
C6 co hoi giam lwu lwgng 15%

Téc d6 mai (vong/phut): 2900 x 0,85 = 2465 vong/phut
Ap suat méi (bar): 4x(0,85)2 = 4x0,72 =2,9Bar
Coéng suat mai (kW): 22x(0,85)) =22x0,614 =13,5kW

Gidm trir tiét kiém 5% dé tinh dén tén that bé sung do VSD
Tidm ning tiét kiém = ((22 kW — 13,5 kW) x 95%) = 8.075 kW
Két luén: Gidm 15% luu lwong (tdc d6) = gidm 37% cong suat

+Gatewa
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Thwe hién chuyén tham hién trwéng

Cac buédc kiém tra trwéc danh gia:

Kiém tra tat ca théng tin trwdc chuyén tham;
Kiém tra moi ngudi van san sang

Kiém tra thai dd — moi ngudi cé thue sw muén ban dén khong, ai s& dan ban
di tham quan?

Kiém tra dong co — van dé cla ho la gi, diéu gi s& khién ho dau tu?
Yéu cau vé an toan (PPE va hudng dan an toan)

Chia khda va quyén ti€p can vao cac khu vuc
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Thwe hién chuyén tham hién trwéng

(. Ngwé&i van hanh nha may

* Nhan vién bao tri

- Nhan vién kiém soat chat
Lang nghe < | lwong

* Nhan vién vé sinh

« B6 phan mua sam

 Ban quan ly

261
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Noi cin xem xét DAU TIEN

* Thiét bj I&n vai tan sudt s&r dung cao va thuwdng xuyén

 Thiét bj thwdng xuyén hong va gay ra thoi gian ngirng may kéo
dai

» Cac hé théng cé nhiém vu hodc dau ra thay doi

* Thiét bi phu trg khdng mang tinh then chot d6i véi qua trinh san
xuat

* Thiét bi va hé théng gap sw c6 vdi ty 1&é hong hdc cao
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No'i KHONG nén tim kiém
Moi nha may déu khac nhau, nhung ban c6 thé sé thay ring day khong

phai |13 nhirng khu virc mang lai nhiéu tiém nang tiét kiém:

Thiét bi quy trinh (Gid tri thong lvong qua cao va nha may da duoc tinh
chinh t8i wu cho quy trinh)

Céc quy trinh quan trong (Rui ro xay ra sy c6 bat ngo la khong thé chap nhan)

Thiét bi nhé (Mrc tiéu thu ndng lugng qua nho dé bién minh cho
viéc diéu tra hodc trién khai chi tiét)

Thiét bj dy kién thay thé (Th&i gian hoan vén tai chinh khéng hap dan)
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D liéu hién co

« Dt liéu nha may - can tinh dén cac thay déi chva duwoc ghi chép, diéu kién
van hanh thuc té

» Thiét bj do - chung c6 dang tin khong?

* Mtrc sir dung nang lugng - chinh xac dang do cai gi?

* Lich sl bao tri

C6 thé ton nhiéu thoi gian, nhwng déi khi chira dywng
thong tin quy gia. Viéc co6 gang tra 1&i nhirng cau hoi
trén c6 the mang lai nhiéu théng tin hiru ich!
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Phan tich di¥ liéu
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Do lwong
 BO ghidir lieu dién
¢ Camera héng ngoai
e Ampe kim
 May do do rung

h -

T
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Mtrc do chi tiét cua khuyén nghi nén dén dau?

* Muc tiéu chinh ca ban la xac dinh va dwa ra mot phac thao tai chinh cho cac
co hoi tiét kiém nang luong.

* Phan biét nhitng cdng viéc c6 thé thiét ké va trién khai ndi bd, va nhirng céng
viéc can dén ho tro tir bén ngoai.

* Danh gid Hé théng Dong co tao tién dé cho mét chuwong trinh thiét ké ky
thuat va dau tu chi tiét hon.
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U'dc tinh tai dong co’

Udc tinh tai xap xi dua trén toc do va dién ap cha déng co

Dir liéu trén nhan Dir liéu do duwoc
Céng suat dinh muirc =30 kW Toc d6 do duoc = 1460
Dong dién dinhmirc | =55A vong/phut
Dién ép dinh muc =400V D(‘)ng dién tai vao =33A

Hiéu suat dinh mtrc =92% bién dp van hanh =415V
Céng suat dau vao 20 kW

T6c d6 dinh mirc = 1440
vong/phut
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Uéc tinh tai dong co’

Dwa trén phép do toc d6

S(do truot)

Tai (%) = z
* N 40
Tai (%) = - % 100 = 61,9%

(1500-1440)x(3°)

x 100

=60 x 50/2
= 1500 vong/phut
. o R o Luuy:  Phuong phép nay c6 sai s6 16n hon d6i véi cac dong
DG trugt =Toc do dong bo — Toc dg do duoc cor cong sudt 16n vi do trugt nho.
= 1500 - 1460
= 40 vong/phut
269
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U'dc tinh tai dong co’

Duva trén phép do hién tai:

). Vo dwocXldo d
Tai (%) — o dugc o dugc

Vdinh mecXIdinh mic

415%33

Tai (%) - 40055

= 0,623 (62,3%)

Luu y: Phuong phap nay c6 sai s6 16n hon vai tai dudi 50% do hé s6 cong suat (PF) giam.
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Panh gia va thao luan

* Tai sao ching ta can danh gia nang lvong
cta hé théng déng co?

* Chung ta nén tim kiém nhitrng co hoi nao?

« Chung ta nén xem xét & dau?

* Chung ta nén wu tién danh gia nhirtng hé
thong nao?
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Phan 16

Cac céng cu phan mém
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Cong cu phan mém
e MEASUR
':" Walcome 10 the most efficien way 1o marage and optimie your faciies' systems and equpment
;
i ENERGY
273
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Gi¢'i thiéu vé phdn mém MEASUR

« Cong cu dong co

* Phan tich hé théng déng co

https://www.energy.gov/eere/iedo/measur

Tai xuéng mié&n phi c6 sén tir B Nang lwong Hoa Ky
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Phan 17

Xay dwng phwong an tai chinh cho du an
Toi wu héa hé thong déng co (MSO)

275
g- Glnbel - P
Bao cao dé xuat kinh doanh
Céc yéu td chinh ciia mot bao cao dé xuat kinh doanh:
« Tom tét diéu hanh » Do lwdng va phat hién
* Muc tiéu nghién ctru « Phan tich két qua hé thdng déng co
»  Téng quan quy trinh san xuat - Co hoi tiét kiem nang lwong
* Mang lwéi dién va chi phi cua « Tom tit cac co hoi
nha may '

A ° Kh A h
« Lwa chon hé thong dong co uyén nghi

« Tbéng quan hé théng déng co

276



B o @

S e e | -v-w-o-

Tong quan Hé théng Pong co’

Téng quan vé hé théng dong co dang P
duoc danh gia ’—Qj%uzw |

So d6 khéi don gian

M& 20% —

Bao gém cac thong s6 qua trinh

EW‘I
£, Khdi B
Xay dung can bang nang luong 0% v o

budm 2 bar
Xac dinh cac co hoi trong toan chudi
cung trng nang lugng
277
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Phan tich

Phai bao gom tinh toan duwong co sé&
(vé murc tiéu thu nang lvgng ban dau) Bio cdo dif lidu géc
5 5 AL e = - Khong cé
Phai bao gém phan tich tat ca cac - Nt VY et pigin tan
\ N 2 N ~ A - ]
thanh phan cta hé théng dong co 5
1

Bao gom moi gia dinh (chi phi, thong 6

Co6 bién
van hanh,---) da duoc sir dung dé tinh ‘ tf" )
toan muc tiéu thy ndng lvgng 5 WS
-~ o = = ~
B et bbb =
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Tém tat co hoi

. A , N .
» Sau khi phan tich va xac dinh Stra 6di mach
° diéu khién dé L&p bién tan
Cd h6| tr!em 9he do va stra Gbi D!eu clhlnh
¥ Thay thé deng | Ve hanh te | ok digu gdc canh quat
o cyan . 'étg dongvatdp | BEN S [ thanh 8.9
ong su bd khéi dong hien de thure trong sau Lap dat td ty bu
2 2 Nt 2t 48 du hiéu suat | am é gigm [ 18N N0 4nang ce nhigt | hé s6 cong sust
¢ Ba n g h Oac SU do to m tat de Phuwong thap hién t%i tac dong clia v?n h.énh quat dé moi trwﬁvr{g voi cong sudt
. P , .. phap thuc 5116?-1% kc";’)h'i’;:g vige khoi dong | ‘I‘;’h'lhsi/“ cao vathanh | phan khang 90
lam néi bat cac con sé va lva hign cubtomo mi [ BB IEn by, | 7.8 tong séu | VAR, chiphi:
ong co' va N o thang c6 nhiét | Mua tu dién va
IE4 (160 kW). TP dong co méi P g ex
s Chi phi: Mua céac bd phan (twong thich dg‘ moi tredng | lap dat
chon chinh e oo mai | co kni. Chi worg thap. Chi phi:
i ong coméi | i Muabe | VO VAN hanh o han
Eh(y.i dong ) bién té:n) & cong
~ »° 5 2 \ . A mam & swa stra doi mach
« Tot dé nhac nhé nguoi doc vé i mach
~ 2 7 A .~ Chi phi thuc
. 300.000 80.000 460.000 3.000 20.000
tat ca cac co hoi trong mot hién (24R)
2 Ay ~ Ti.et kiém hang 6.384 82.313,1 116.826,89 11.970 1.191,92
bang trén mét trang nim (ZAR)
Thoi gian hoan 47 0,97 3,94 0,25 16,78
vén (ndm)
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Tham dinh tai chinh la g

TAt ca cac to chirc déu
can kiém soat chi tiéu

Can lya chon

Chi tiéu; C6 hay khong?

Chi tiéu hién tai (chi phi)
Chi phi von (dau tu)

noi chi tiéu Lwa chon gitra cadc phwong an dau tu vao du an tiét kiém

Chon giita cac phuong an bang cac st dung chi phi vong doi (LCC)

Can c6 cong cu dé ho tro nhitng lwa chon nay
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Mot so lua chon tai chinh

Hai déng co ¢6 cuing kich thwéc (cung céng suét):
Mot cai gia 300.000 USD va cdi con lai 250.000 USD

Ban sé mua cai nao?

Hai may nen:
» Mot cai gia 500.000 USD dé mua va 200.000 USD/nam dé van hanh
* Cai con lai gia 700.000 USD dé mua va 150.000 USD/nam dé van hanh

C&i nao la tot nhat?
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Théi gian hoan von don gian (SPB)
SPB = Chi phi ban dau / Khoan tiét kiém hang nam

« Thoéng thudng, c?c td chirc co mot gi&i han, vi du: chi nhirng co’ héi co
th&i gian hoan von dwéi 2 nam méi dwoc xem xét.

- Goi la “don gidn” vi n6 khong tinh dén céac yéu to nhw lam phat, thué va
chi phi von.
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Chi Phi Vong Doi (LCC)

e LCC duoc st dung dé so sanh chi phi téng cta hai hay nhiéu dy an trong
sudt vong doi cda chung.

 Tat cd dong tién déu mang gid tri &m vi chung la cac khoan chi phi.

* So sanh véi NPV (Gid tri Hién tai Rong), NPV duoc dung dé dénh gid dy
an nao trong hai dy an mang lai lgi nhuan tot hon giita cac phuong én.
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Tai sao nén str dung phwong phap tinh Chi phi Vong d&i ?

Chi phi stra ]
chita & bao boéng co IE3 céng suat 11
1% KW
Thoi gian van hanh: 4.000
gid/nam
Vong doi: 15 nam
Gia dién: 0,0754 €/kWh

Chi phi vén
ban dau 2%

Ngudn: ISR — University of Coimbra
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Tai sao cac dw an tot lai khéng dworc thwe hién?

i

[Hiéu qua nang lwong thwong bi nhin nhan la:

Khong bat budc

[t quan trong vi dwoc coi la quy moé nhd

C4 rui ro ki thuat

Tuy chon, khéng cé rang budc phap ly

Ton kém
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Nhirng ngwei ra quyét dinh muon thay gi?

Mot s van dé thwong gap

e S dung thuat ngir chuyén mén khéng giai thich hodc ttr nglr mo’ hd
«  Khéng giai quyét cac van dé lien quan dén ban Ianh dao

. Khéng xem xét cac phwong an thay thé khac

«  Khéng xac dinh va xt& ly cac yéu té rti ro

. Khéng str dung phwong phap thdm dinh tai chinh phu hop

«  Trinh bay lan man, thiéu trong tam

«  Khéng dwa ra mét khuyén nghi ré rang duy nhét
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Ban y twéng! — Tém tat

* H3y d&t minh vao vi tri cla ho — liéu ban cé san sang dau tw vao dé
xuat nay khong?

* Ban cd thé “ban” thém nhirng lgi ich nao khac ngoai loi ich chinh?

* D& xuat cla ban cé di thang vao trong tam va gidi quyét duoc cac rai
ro khéng?

* Ban d3 trinh bay phwong an tai chinh theo cach thuyét phuc nhat
chua?

e Ban cd dd do tin ciy dé ho tin twdng khéng?
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Panh gia va thao luan

« Lam thé nao dé thé hién khoan tiét kiém trong mot
bao cao kinh doanh?

* Tai sao phai sir dung phuong phap chi phi vong doi
(Life Cycle Costing)? @
D
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Phan 18

Xe dién (eMobility)

289
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Xe dién (EV) va Phat trién bén virng

Xe dién (eMobility) lién quan dén cac phuong tién giao thong (xe hai banh, 6 t6, xe tai, xe
buyt, tau hda, tau thdy, may bay) trong d6 dién ndng dwoc sir dung dé cung cap cho dong
co dién, nham tao ra (mot phan hodc toan bd) cdng suat co hoc can thiét dé sinh ra
chuyén déng.
+ Xe dién la mét gidi phap then chét cho giao thong bén virng.
* St&rdung dién nhu mot loai nhién liéu gidp giao thdng bén virng hon
nho:
+ Giam phat thai €0,
+ Cai thién chat lwvong khong khi
» Nang cao hiéu qua nang lvong
* Giam sy phu thuéc vao dau moé

* Hiéu sudt mdi truong clia xe dién sé con dugc cai thién hon nita nho
cam két sir dung dién trung hoa cacbon vao ndm 2050
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Xe dién - Khdong phai la mot diéu mai!

1801-1900 1901-1950
Xe dién(EV) xuat
hién trén thi
trwong

1951-1999 T nam 2000

San xuat xe dién Gid dau ting cao- M@i quan tdm
suy giam >si quan tam xe dén xe dién ngay

dién cang tang

Xe Lohner-Porsche ndm 1900 vai cdc déng co dién tich hop ngay trong bdnh xe (Wienkétter, 2018).
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Ton kho xe dién toan cau
S6 lwgng xe dién toan cau (2010 — 2022) s
30 b
ap
@' 3 —] g
= 2
; 0 il =%
1 >
é i5 —_— sg-
10 — 1 =
c
— N o}
5 — = [ Q@
0 — = 1
2010 2011 2012 2013 2004 2015 2016 2017 2018 2019 2020 2021 2022 2022 2026 2030
= China BEV BChina PHEV B Europe BEV BEurope PHEV ) " . oPLDVs - BEV
@United States BEV @United States PHEV B Other BEV @Other PHEV BEV : Xe thuan pin OBuses - BEV

PHEV: Xe dién
2010 - 2022 (Ngudn — IEA, 2023) hybrid sac ngoai

Dv bao
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Morms nemG = 240 Pty
St B MO LY
Doanh s6 toan cau ctia xe dién 2 banh va 3 banh
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= S pm 69

oo s 3w s ity

~n | A ? ” \ ?e o
Doanh so toan cau cua xe buyt va xe tai dién
_ Xe buyt Xe tai
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Kién truc xe dién

Xe dién hybrid (HEV) Xe dién hybrid sac ngoai(PHEV)

e Tich hgp mét dong co/may phat * (6 kha nang sac lai tir lugi dién
dién (MG) két ndi vdi bd diéu *  C6 thé van hanh hoan toan bang ché
khién va pin, song song vdi dong do dién véi hiéu suat déng lyc tét
co dét trong (ICE).

®

Xe dién chay bang pin (BEV)

* Trang bi hé thdng sac trén xe, pin
dung lugng I&n( da dat 100kWh &
mot s6 mau), bo diéu khién va mot
hodc nhiéu déng co dién trén mdi
xe, truc hodc banh xe

e Khéng c6 déng co d6t trong
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Xe hybrid nhe

1. May phat khéi dong dién —

2. B6 chuyén d6i AC/DC | S J‘L'__-—:?
3. Pin Lithium-ion 48V o -
4. Bo chuyén d6i DC/DC ["’t« &
5. Pin axit-chi 12V g

6. BO ting ap dién = _

May phat khéi dong cong suit 10 kW (hoic cao hon):

+ Ché& d6 motoring (hd trg dong co): C6 thé tang cong suat cho ddng co nham cai thién kha ning ting

t6c cha xe va quan ly tai déng co dé gidam murc tiéu thy nhién liéu.

* Ché d6 generating (phat dién): Khi xe chay déu (cruising) hodc trong qud trinh giam t6c/ dirng, may

phat kh&i dong cé thé thu hoi ndng lwong dién va nap tré lai vao pin.

B9 ting 4p dién (electric supercharger) loai bé nhuge diém d9 tré ting ap (turbo lag) ciia b ting ap truyén théng. Muc dich chinh ciia né 1a ting

mit do hdn hop khong khi/nhién li¢u nap vao xi lanh ciia dong co.

296



*& < Glaal - {Lgé

i "« Gateway

Hiéu suit nang lwong cua xe dién (EVs)

Truyéntdi W  Phan phéi

Phat dién 98-99% 91-93%

B& sac cham cap 2(95-97%) Pin B& nghich 0 Hé truyén

O c&m dién '———' : [ 5 dién dong
-959 ; :
g 90-95% 85-96%%

B6 sac nhanh DC(91-94%) ) 90-98% 87-93%

Sac lai pin M3y phat dién Phanh tai sinh

DAi hiéu suat cla cac thanh phan khac nhau trén
duwong di ndng lwong ciia mot xe dién (EV)

297
8 m @
So sanh cac cong nghé dong co’ xe dién
Dic diém Loai Bong co
. 2 PM (Bong co’ nam SynRM (Péng co’ dong
IM (Bong cocam tng) 2 vinh ciru) bo tir trd)

M4t dd cdng suat Trung binh R4t cao Cao

Hiéu suat Trung binh R4t cao Cao

Kha ning diéu khién R4t cao Cao Trung binh

Do tin cay R4t cao Cao Rat cao

Murc do trwéng thanh RSt cao Cao Cao

CN

Chi phi Rat thap Cao Thap
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Twong lai cua cac tram sac xe dién EV
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Xe buyt dién

Cac thanh phé trén toan thé gigi dang dua xe buyt dién (e-buses) vao st
dung, duoc thic day bdi nhitng lo ngai ngay cang tang vé chat lwgng
khong khi, lvgng phat thai CO, va tiém nang tiét kiém chi phi van hanh.
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Xe buyt dién

Ngoai viéc cai thién chat lwgng khdng khi, con cé nhiéu yéu t6 khdac giup thic day viéc ap dung

xe buyt dién (e-buses):

. T6r)g chi phi s& hitu (TCO) thap hon: trong ngay cang nhiéu cau hinh, xe buyt dién c6 TCO
thap hon so vdi xe buyt diesel hoac khi nén thién nhién (CNG) tuong duong. Tiét kiém chi

phivan hanh la mét trong nhitng 1ap ludn quan trong dé ung hé viéc dua e-buses vao st
dung tai nhiéu thanh pho.

* Gidm tiéng 6n va thoi gian ngu‘ng~hoat dong e-buses van hanh ém hon nhiéu so véi xe buyt

diesel hodc CNG, giup giam 6 nhiém tiéng 6n. Pong thdi, e-buses gan nhu khéng can bao
tri.

» Xem xét chinh sach cdng nghiép: mét s6 chinh phl cé thé coi day 1a co hdi dé xay dung
nganh céng nghiép ndi dia xoay quanh qua trinh dién khi héa giao théng. Viéc tao cong an
viéc lam tlr sdn xuat e-buses va phat trién ha tdng tram sac 1a mét 1ap ludn tich cyc khac
ung ho e-buses.
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Xe buyt dién — San xuat tai Uganda

Strc chtra hanh 90 (49 chd ngdi, 41 chd
khach dung)

Cdng suat cyc dai 245 kW
clia déng co

Mémen xodn 3.300 Nm
Quang dudng di 300 km
chuyén sau mdi lan

sac

Dung luvgng pin 301 kWh

Mot vi du dién hinh ma céc quéc gia khac cé thé noi theo
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Panh gia va thao luan

« CO cau hoéi nao khong?

303

Phan 19

Lwéi dién thong minh va Dieu
chinh nhu cau
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Dinh nghia Lwé&i dién Théng minh

* Lw@idién thdng minh I3 mét mang lwdi dién st dung cdng nghé sé va
cac cdng nghé tién ti€én khac dé giam sat va quan ly viéc truyén tai dién tw
tat ca cac ngudn phat dién, nham dap ng nhu cau dién thay déi cla
ngudi dung cudi.

e Ludidién thong minh diéu phdi nhu cau va kha ndng cla cac nha phat
dién, don vi van hanh ludi, ngudi tiéu dung va cac bén lién quan trong thi
truong dién dé van hanh toan bd hé théng mét cich hiéu qua nhat, gidm
thi€u chi phi va tac déng mdi trwdng, dong thei téi da hda do tin ciy,
kha ndng chdng chiu, tinh linh hoat va 6n dinh cha hé théng.
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Lwéi dién thong minh
Nha may dién hat nhan
‘. Nha may
Tich hop t0i wu cac cbng nghiép i P ‘s
nha may nhiét dién, : a :
nang lwgng tai tao, , = |
lwu trlr nang lwong . sicn
va tai linh hoat __ S

Nha may thay
Nha théng minh

Thanh phé va van Nang lugng mat troi

phong

Xe dién Nha may dién gio
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Tam quan trong cta tinh linh hoat vé Nhu cau

CAC YEU TO GIA TRI CO' BAN CUA TiNH LINH HOAT NHU CAU

Kha ning cua tinh linh hoat

Danh muc =
nhu ciu

Gia tri cho Iwéi dién

Gia tri cho khach hang

Co6 thé giam tai cyc dai cha lwoi
va lam phang ho so' nhu cau
tdng thé ctia khach hang

Céng suat

Nang lrong C6 thé dich chuyén phu tai tr

i gio gia cao sang gi¢ gia thap
C6 thé tai dinh hinh hd so phu
tai d& pht hgp hon véi hd so
san xuat nang lwong tai tao (vi
du: dién mat tréi mai nha)

Tich hop nang lwong tai tao

Tranh dugc chi phi dau tw phat
dién, truyen tai, phan phoi; giam
tdn that lwdi; giam suy hao thiét
bi

Tranh san xuét tir cac ngudn chi
phi bién cao

Giam thach thirc tich hop nang
lwong tai tao (vi du: yéu cau
téng gidm cong suét, phu tai téi
thiéu)

Vi co ché gia danh vao nhu
cau cwc dai (vi du: phi phu tai
cwc dai), giup giam hoa don
dién

V6i co ché gia thay dbi theo thoi
gian (vi du: gia theo khung gio,
gia theo thoi gian thuc), gidp
giam hoéa don dién

V6i co ché gia khuyén khich
tiéu thu tai ché (vi du: giam chi
phi bu xuat khdu PV), gitip gidm
hoéa don dién

Tinh linh hoat vé nhu cau la thiét yéu dé tich hop ngudn nang lvong tai tao khéng 6n dinh (nhu

dién mat troi va gid).
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Lwu trit nang lwgng dé san bang dinh phu tai

Hg théng lwu trir nang luong
(EES) trong viéc san bang dinh

Xa lwu trir (cung cap
nang lugng)

Giai doan nhu hl

cau thap

|
.h
J
N
4

Lwu trit nang luong “"

' Giai doan nhu cau cao

Dudng cong phu tai |
i i | B a )

+ Luwu trlr ndng lwong co thé thyc
hién bang dién hoac théng qua
cac dich vu khac nhw: kho lanh,
lwu trlr nwdce, lwu trik trong qua
trinh san xuét céng nghiép, v.v.

+ Két qua: tao ra mot duwdng cong
phu tai bang phang va déu dan
hon, déng thdi gidm mirc dinh
phu tai tbng thé.

0 4 8 12 16
Thoi gian ( Gio)

20

24

308



‘&  gisbal

"« Gateway - @'89

Cac loai cong nghé lwu trir nang lwvong

Co hoc
(Mechanical)

Dién hoéa hoc
(Electrochemical)

Pién hoc (Electrical)

Héa hoc (Chemical)

Nhiét (Thermal)

* Thay dién tich
nang (PHS)

¢ Lwu trir khong
khi nén (CAES)

« Banh da (FES)

¢ Pin dién hoa:

Ac quy chi-axit
Pin nén niken
Pin nén natri
Pin Lithium-ion

* Pin dong chay
= Pin dong chay

oxi héa khtr
= Pin dong chay lai

+ Siéu tu dién

e Lwu triv twr
trwong siéu
dan (SMES)

* Hydro (Pin
nhién liéu)

+ Nhiét dé thap
(Low Temp):

= Luwu trl nwéc
ngam

= Luwu trr déng
lanh (Cryogenic)

* Nhiét do cao
(High Temp):

= Vat liéu chuyén
pha (PCM)

= Dién mat troi tap
trung (CSP)

‘&  gisbal

"« Gateway - @'89 -3
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Tai dong co’ linh hoat cong suat Ié&n

e Gia cdng vat liéu trong cong nghiép (vi du: may nghién xi mang, nganh khai thic mé)

* Kholanh

¢ Tai diéu hoa khéng khi cé tich hgp hé théng trit lanh

* Cactrung tam dit liéu l&n

* Hé théng tudi tiéu - tdn dung ndng lvgng mat troi

¢ Nha mdy khr muéi nwdc bién - tdn dung ndng lwgng mat trdi, sir dung ho chira

+ Xe dién (6 t6, xe buyt, xe tai) - c6 thé sac dién vao gi®r thap diém hodc bang dién mit

troi

310



;
& G m %
—— e L4 W 4

B0 OB THTENG Le Gamay

Xe dién va Hé thong dién thong minh

* Xe dién cd tiém nang cung cap tinh linh hoat vira nhuw tai di dong vira nhu
nguoén lwu trir nang luvong.

* Ngubn ndng lvong tai tao cé thé bé tro t6t cho viéc sac xe dién.

* Viéc ph6 cap EV trén quy md 1én doi héi phai cd su két néi théng minh gitra
xe va ludi dién.

 Sac thdng minh |a nén tdng trong phat trién lwdi dién thong minh, mang lai
lgi ich cho hé théng dién, tai x& EV, ngudi tiéu dung va toan xa hoi.
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Xe dién két noi lwdi (V2G)

 Xe dién c6 thé dua pin ciia minh phuc vu cho viéc can bang gitta phat dién va nhu
cau tiéu thy, hoat déng nhu mot bd dém: luu trir ndng lwong khi ludi cé thira
ngudn va giai phéng nang luong khi ludi thi€u ngudn. Ché dé van hanh nay duoc
goi la Vehicle to Grid (V2G).

* MO0i xe dién s& chl déng déng gdp vao viéc 6n dinh lugi dién va ting cuwdng kha
nang thdm nhap cla cac ngudn nang lwong téi tao.

V2G Unit

Ngudn: CENEX
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Panh gia & Thao ludn

* C6 cau hoi nao khong?

313

Phan 20

Hwéng dan dao tao MSO
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Chwong trinh dao tao Toi wu héa Hé thong Dan dong bang dong co (MSO) PN,
Ch u tr‘l n h ciiatldNHD@: théng dé nang cao hiéu sust AT
Tt nam 2010, UNIDO trién khai chuong trinh do tao Motor-driven P s
Systems Optimization (MSO) cho nganh cong nghiép va céc chuyén gia fZ"aZ"t‘E?Sﬁ :".,';“h‘?“
< néng luong trén toan thé giéi. Danh cho cdc quan Iy nang luong, nhan su !zéng din déng bé:g
van hanh, ky sw, chuyén gia va nha cung cAp thiét bi, chirong trinh dua hoc dong oot
a o a o vién vwgt ra khoi 16p hoc dé thie hién cac dw an MSO thyc té tai cac ? . Quat Khi nén Bom  Dongco
. doanh nghiép b téc.

Chuan bi

cDoanh nghiép cam két va déng y
iép nhan dot danh gia hé théng

MSO

Dbi twong: ky sw co’ s&, van hanh

PAO TAO DOANH NGHIEPH;V — DAO TAO CHUYEN GIA

0i twromn, 0 ! Ly thuyét & trinh dién danh 5 C4c dot dénh gid riéng tai L L LB Bdo cdo & 34
g lrgng. bao tri cia doanh nghiép; nha cung gié trong cdng nghiép ngay doanh nghiép o thuyét trinh tuan
1Th°_'='“:‘° =;° b“?'lfga""ﬂdcaﬂ LUELI c4p thiét bi va don vi dich vu.
Hoevion deoe gh danh vio Noi dung chinh: ~Dao tao trén I6p v Iy thuyét +Bao tao trén I6p vé 1y thuyét 36thing . =Chulinblbso clo danh
AT + Ciich tiép can téi wu hoa & cép hé théng p i o1k ing eong vh 181 AT A g g vATA] gid kém khuyén nghi
oMua sém trang thiét bj do lwong dung cho h¢ théng déin dong bing dong co. wu héa hé théng dén dong. wu héa hé théng dan dong. cai thign higu qua nang
nang lugng. +Nguysn Iy cor bén cda thist ké higu qua néing +Trinh dién tai hién truong & +Trinh dién tai hién truong & Ivong cho doanh
Irgng cho hg théng dén dong. thyec hanh dénh gié higu thyc hanh danh glé higu GEREERE,
« Lwa chon déng co higu suét cao va cong ndng nang lgn ¥ nang nang lwon, . Trlnhéhay kétqua &
nghg lién quan. e L U B Khuyén nghi cho ban
- Thipe hanh tét vé van hanh, didu khién, bao m':;-én COCLTEAHED e s it 1anh dao doanh nghigp.
trl va danh gié higu niing. « Thu thap va phan tich di ligu + Thu thp va phan tich di ligu
23thing + Phan tich tiét kigm nang Iuvng & chi phi cho dwdmg co sé. : duwong co .
céc bign phap cai tién higu qua nang lwgng. « Trinh bay két qua so bd cho « Trinh bay két qua so bd cho
ban lanh dao doanh nghiép. ban lanh dao doanh nghiép.
-
HOAN THANH CHU'O'NG TRINH '—J

Truyén thong & phd bién Danh gia cudi

khéa

+ Bai thi (3 giv).

+Dénh gi4 c4c béo 4o danh gia
canhan

+Hoc vién dat chuén tré thanh
chuyén gia hé théng dén dong
béng dong co.

P —— tua
L& t6t nghiép uan
Xéy dyng cac nghién cteu dién hinh (case
study).

Trao chitng chi cho hoc
Truyén théng réng rai ét qua. ié
B

Thiét|3p nén tang trao ddi ngang hang,
mang Ieéi va nhém hoc tap.

On tap & bai hoc rit
ra
* Théo luan, trinh bay phat hién,

chia s& kién thire & bai hoc
kinh nghigm.

+On lai ly thuyét va thyc hanh téi

wu héa hé théng dén dong dé
chuén bj cho ky thi.
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Chwong trinh dao tao chuyén gia MSO

Tai sao moi nguwdi nén tham du?

\ 2

Moi ngudi c6 thé mong doi diéu

\ 4

gl

0

?

«  Tiét kiem chi phi cho cong ty «  Chuwong trinh dao tao bai ban
+  Phat trién ki nang ca nhan +  Két hop gitra dao tao trén I16p va hoc tap trai
*  Phwong phap danh gia dwgc cong nhan toan nghiém c6 hwéng dan

cau +  Danh gia thyc tién ca nhan véi sw ho tro day
+  Chirng chi dwoc cdng nhan da tlr cac chuyén gia dao tao quéc té

Yéu ciu doi véi nguei tham gia: D4i twong nén tham dy

+ Quan tam t&i hé théng nang lwong va cé nén * Ky sw va chuyén vién thwc hanh cé mong
tang kién thirc phu hop mudn tré thanh chuyén vién danh gia hé
+ Co thé tiép can mot dia diém phu hop dé hoc théng dong co
tap thwe hanh trai nghiém +  Ca nhan mubdn tr& thanh giang vién dao tao
+  Tbng thoi gian 15 ngay trai dai trong 8 thang vé hé théng dong co
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Cac lwa chon chirng chi MSO

* Danh cho nhitng hoc vién quan tdm dén déng co
va mudn nang cao kién thirc vé hé théng dong

Chirng chi co.
Tham dv * Yéu cau tham du it nhat 75% t6ng thoi lugng
khda hoc.

* Danh cho nhitng hoc vién mong muén trd thanh
chuyén gia thuc hanh trong viéc danh gia hé
théng dong co.

Danh cho nhitng hoc vién muén tré thanh giang
vién va ngudi hwdng dan hé théng dong co.

Chirng chi
Chuyén gia .
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Chirng chi Chuyén gia MSO

Yéu cau:

Tham gia khéa bao tao Doanh nghiép (2 ngay).

Lam va dat bai kiém tra cudi khda Dao tao Doanh nghiép véi diém sé it nhat 70%.

Tham gia khéa Dao tao Chuyén gia (5 ngay).

Tich cuc tham gia thao luan trén 16p, cac buéi trinh dién thyc hanh va thuyét trinh.

Hoan thanh moét bai danh gia ca nhan vé MSO tai mot nha may cdng nghiép.

Tham dy cac budi webinar cap nhat tién d6 trong suét qua trinh thyc hién danh gia MSO.
Lam va vuot qua ky thi cudi cung dya trén cac néi dung da hoc, véi diém téi thiéu 70%.

Pat diém trung binh cudi cung téi thi€u 70%, tinh dwa trén bao cao ca nhan, ky thi cudi va muc
dé tham gia lép hoc.
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Giang vién va Diéu phdi vién MSO

rMuc dich J

 Tao diéu kién cho viéc chuyén giao tri thirc lién tuc
» Xay dwng nang luc dia phuong dé tu duy tri

rYéu cau J

 Kha nang dao tao — co thé twong tac, thu hut va giao ti€p hiéu qua va&i hoc vién trong mdi trwong hoc tap
* Kién thirc — am hiéu chuyén mén, cé kha nang tw duy phan bién, phan tich thach thirc va téng hop gidi phap
* Thai d6 — hanh x{& chyén nghiép, di kém v&i dao dirc va cac gia tri ma UNIDO coi trong.
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Bat ky cau héi nao?
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Buwdc tiep theo: Bat dau hanh trinh MSO cua ban

 Tai nha may, noi lam viéc hodc chinh ngdi nha cta ban

 Lap danh sach céc hé théng ddng co va dinh lwgng mirc tiéu thu nang luong
* Xac dinh yéu cau quy trinh/san xuat cho tirng hé théng

* Nhan dién va trién khai cac co hoi phu hop

* Tiét kiém chi phi

* Panh gid mic d6 phu hop cla ban dé tham gia chwong trinh chuyén gia
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Két thic Pao tao Doanh nghiép

Cam on ban d3 tham gia
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TUYEN BO MIEN TRU TRACH NHIEM

Tai liéu nay duoc bién soan trong khuén khé Dy
dn “Pdy manh hoagt déng tiét kiém ndng lwong
trong cdc doanh nghiép céng nghiép Ion théng
qua hé théng quan ly ndng lugng va téi wu héa hé
théng va thuc hanh tiét kiém ndng lwong trong
cdc doanh nghiép vira va nhd tai Viét Nam” (Dw
én IEEP) do Lién minh chéu Au (EU) tai tro, BO
Céng Thuwong (B6 CT) quén ly va T6 chiuc Phdt
trién céng nghiép Lién hop quéc (UNIDO) thuc
hién. Néi dung tai liéu hoan toan thuéc trdch
nhiém cta Dw dn va khéng nhét thiét phdn dnh
quan diém cua bt ky cd nhén hay té chire nao.
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