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CHI TIEU PHAN TACH PANH GIA NANG LUQNG TIEU THU CUA MAY CNC

CRITERIA FOR ANALYZING AND EVALUATING ENERGY CONSUMPTION
OF THE CNC MACHINE

Nguyén Thi Ai Lanh
Truong Pai hoc Sw pham Ky thudt - Pai hoc Pa Nang; ntalanh@ute.udn.vn

Tom tat - Cong nghiép la mot trong cac nganh tiéu thu nang
lwong cao nhét hién nay. Chung ta cAn nhin nhan sau séc hon
ve thuc trang nang Iu’o’ng st dung trong céng nghiép san xuét.
Trong mét hé théng san xuét, may gia cong la mét trong nhirng
thiét bj chinh s& dung n&ng lweng. Do d6 dé dat dwoc muc tiéu
“phat trién bén virng”, diéu can thiét 1a phai tinh toan dén hiéu
qua st dung nang lwveng cla may gia cong. Danh gia hiéu qua
st dung nang Iuo’ng mot trong nhirng diéu tién quyét can thuc
hién trong viéc giam thiéu nang lwong tiéu thu cia may gia cong.
Phwong phap danh gia hiéu qua st dung nang lwgng clia may
gia cong CNC da duwoc dua ra trong mot nghién ctru trwde cla
tac gia [1]. D& phuc vu tét hon cho bwédc danh gia nay, trong bai
bao nay tac gia dwa ra mét chi tiéu phan tach cho phép chon lva
cap do chinh xac danh gia hiéu qua s dung nang lwgng clia may
gia cong.

T khéa - nang luvong; higu qué st dung nang luwong; chi sé hiéu
suéat ndng lwong; chi sé phan tach; may CNC.

1. Pat vin dé

Nganh cong nghiép san xuit duoc coi la mot trong cac
nganh tiéu thy nhiéu nang lrgng nhit hién nay. Do d6, nang
cao hi€u qua nang lugng dugc coi la mot trong nhirng thach
thirc quan trong nhét dé dat dwoc mot nén san xuit “sach”
hon va hiéu qua hon. Theo Mc Kinsey & Company [2], "su
dung ning lwong hiéu qua cho phép giam dén khoang 40%
khi nha kinh trong cong nghiép". Hon ntta, nang cao hiéu
qua nang luong mang lai 1oi ich to 16n dong thoi day ciing
1a mot trong cac yéu cau thiét yéu trong chién lugc kinh
doanh bén viing cho cac doanh nghiép hién nay.

Bai viét nay nham muc dich dua ra chi tiéu phan tach
danh gia nang lugng tiéu thu cua may gia cong CNC. Trong
phin dau tién, co s6 1y thuyét lién quan dén ning lugng tiéu
thu cua may sén xuét duge dua ra phén tich. Sau d6, cac
chi tiéu phan tach cho phép danh gia hi¢u qua s dung nang
luong ctia may CNC sé& duoc gidi thiéu ¢ cac phan tiép theo
clia bai bao. Trong thyc té, khi xem xét qué trinh san xuat
cua cac may gia cong, nhiéu bai bao da dua ra nhén dinh
rang nang lugng tiéu thy thyc té boi mit may san xuat
khong hoan toan duoc str dung truc tiép dé san pham cudi
cung [3,4,5]. N6 ludn ludn ton tai mot phan 16n nang luong
bi mat trong qua trinh san xuit. Do do6 trong phan thu hai
ctia bai bao, hiéu qua sir dung niang lugng va kha ning tiét
kiém ctia may CNC duoc dua ra phan tich va danh gia. O
phan cudi cling ciia bai béo, ning lugng st dung ciia mot
may CNC 4 truc s€ dugc phan tich.

2. Co so' 1y thuyét lién quan dén ning lwgng tiéu thu cia
may gia cdng

Ning luong tidu thy thuc té boi mot may gia cong trong
qué trinh san xuat I6n hon rat nhi€u so véi nang lugng ly
thuyét can thiét dé tao ra san pham mong mudn [3,4,5].
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Trong treong hop mot may phay 5 truc [3], qua quan sat
qua trinh hoat dong trong mot nam ctia méy (2000 gio) theo
cac ché d¢ lam viéc khac nhau cta né: ché do nhan rdi, ché
d¢ chay dao nhanh va ché d6 gia cong. Cac tac gia cho thay
rang 65% tong thoi gian 1am viéc ctia may |2 nam & ché do
nhan i va ché do chuyen dong nhanh céc truc véi 47%
nang lugng tiéu thy. Diéu nay cho thay rang, ty trong nang
lugng ti€u thu khong lién quan truc tiép dén viéc boc phoi
dé tao ra san pham cudi cung 1a twong ddi 16n so véi téng
nang luong tiéu thy ciia may.
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Hinh 1. Phdn b6 néng heong tiéu thy thue té ciia mday CNC [3]

Trong trudng hop may ép thiy luc [3] st dung dé ép tAim
thép day 1,5mm va rong 170mm (St-37) véi mot goc 170°,
nang luong truc tiép tham gia vao qua trinh ¢p dé tao ra san
phém 14 nang luong can thiét dé tao ra chuyén dong cua chay
ép. Phén ning luong nay chiém mot phan nhoé (chi 35%) so
v6i tong muc tiéu thy ning lugng. C6 t6i 65% ning lugng
tiéu thu ma khong lién quan tryuc tiép dén viéc san xuét san
pham cudi cung. Hinh 2 minh hoa sy phan bd ning luong
tiéu thy thyc té boi may ép thiy luc theo cac ché d6 1am viéc
khéc nhau: 1ap dat cong cu (1), chuan bi hé théng diéu khién
PC (2), dinh vi phoi ép (3-4), chuyén dong xudng cta chay
ép (5a), chuyén dong 1én ctia chay ép (5b), van chuyén va do
dac, kiém tra thanh phim ép (6-8) va thoi gian tam dimg
clia ngudi van hanh giita cac 1an ép (9).
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Hinh 2. Phdn bé ning liong tiéu thu thiec 16 ciia may p thiy lue [3]

Diéu nay cho thiy ring, c6 mot phin dang ké ning
luong dugc tiéu thy boi may gia cong khong tham gia tryc
tiép vao qué trinh tao ra gid tri cho san pham cubi cing. N6
cho phép két luan rang c6 thé va rat can thiét dwa ra cai giai
phap nham giam tiéu thu ning lugng cua may gia cong.
banh gia nang luong tiéu thu cua may gia cong la mot trong
nhitng budc tién quyét trong giam thiéu ning luong tiéu
thu. N6 cho phép thu dugc mot cach nhin bao quét, toan
dién nhét v& hiéu qua sir dung ning lwong cia may tir d6
xac dinh kha ning tiét kiém ning lugng ciia may gia cong.

3. Phan tich hién trang sit dung ning lwgng va kha ning
tiét kiém niing lwong ciia may CNC

3.1. Chi sé hiéu qud sic dung ning lwong va kha ning tiét
kiém ndng lwong ciia mdy

Céc qua trinh san xuat bao gdm nhiéu hoat dong khac
nhau cho phép chuyen hoéa tir nguyén liéu diu vao thanh
san pham mong mudn ddng thoi san sinh ra “that thoat”.
Tuong ty nhu vy, Nang lugng tiéu thu thyc té boi may san
xut khong duoc sir dung hoan toan dé san xuét san phdm.
N6 ludn ton tai mot phan ning luong bi thit thoat rat 16m.
Ning luong tiéu thu cia may CNC c¢6 thé phan chia thanh
2 thanh phén co ban [1]:

- Néng heong hitu ich: Phan nang lugng tdi thiéu dé thuc
hién cac hoat dong thiét yéu trong qué trinh san xut gop
phan tryuc tiép tao ra “gia tri” cho san phdm. “Gia tri” ciia san
pham thuce chét 1a sy viée chuyén dbi san pham tir trang thai
A (phoi, ban thanh pham) sang trang thai mong mudn B (san
pham thanh pham). D6 1a nhing thay ddi vé hinh dang hodc
cac dac tinh ctia san phém so voi vat liéu phoi déau vao.

- Nang lweong khéng hiku ich: Phan ning luong khong
truc tiép tham gia vao viée tao ra “gia tri” cho san phdm.

banh gia niang luong tiéu thu cua may gia cong cho
phép xéac dinh thanh phan ning lwong tiéu thy ndo ctia may
1a hiru ich gop phan vao viéc gia cong truc tiép san phdm
va co hoi tiét kiém nang luong cua may. bé thuc hién duogc
viéc nay, mot chi sb vé hiéu qua str dung nang luong I va
chi s6 nang lugng tiém ning G dwoc dua ra [1].

Chi s hiéu qua sir dung ning luong I dwoc dinh nghia

1a ti sb gitra nang lugng hitu ich Epyy, ion i VA téng nang
lugng ti€u thy thyc té cia ting b phén i cua may gia cong.

[i = Ehuu ich i/Etieu thui

Chi sb nang lugng tiém ning G cho phép xac dinh phin
tram nang luong co6 thé tiét kiém dugc vé mat 1y thuyét cho
timg co quan. R3 rang, chi s6 nang luong tiém nang ctia mot
bd phan i cang cao thi kha nang tiét kiém nang luong ctia bd
phan d6 cang cao. Chi s6 G duoc dinh nghia theo cong thirc:

Gi = (1 - IL)AL

Trong d6: A; 14 phan déng gop nang lugng ciia bo phan
i (E_(tieu thu i) vao tong ning lugng tiéu thu ciia toan may
gia cong (E_(tieu thu tong)):

A;=E_(tieu thu i)/E_(tieu thu tong)

Mot may san xuat co thé duoc phan tach thanh nhiéu bo
phén i khac nhau dya vao thong tin chung ctia may. Qué trinh
phan tach may cang cu thé, chinh xac thi viéc danh gia ning
luong tidu thy ciia méay cang chinh xac bay nhiéu. Tuy nhién
qué trinh phan tach cang sau thi doi hoi phai c6 nhiéu théng
tin, kién thirc v& may gia cong. Do d6, cau hoi dit ra khi danh
gia nang lugng tiéu thu clia may gia cong 1a xac dinh duoc
cAp d6 phan tach phu hop dé thu dugc két qua danh gia day
du va chinh xac vé thyc trang st dung ning luong cia may
va cac bo phan i khac nhau ctia may. bé xac dinh duoc cép
d0 phan tach phu hop nay, bai bao dua ra mot chi tiéu phan
tach danh gid nang lugng tiéu thu ctia may gia cong.

3.2. Chi tiéu phén tdich trong dinh gia nang luong tiéu
thu ciia mdy sdn xudt.

Chi tiéu phéan tich dua ra dya trén chi s ning luong tiém
nang G_i ciia cac bd phan khac nhau clia may gia cong. Gia tri
G i cia mot bd phan i cang cao thi kha nang tiét kiém ning
lugng cuia bg phén nay cang cao, hi¢u qua sir dung nang luong
bd phan nay cang kém. Do d6, bd phan i nay can dugc phan
tach cu thé hon dé x4c dinh nguyén nhan giy nén viéc kém
hiéu qua trong st dung nang luong ctia bd phan nay. Qua trinh
phén tach may cang chi tiét thi nguyén nhan gy nén kém hiéu
qua trong st dung nang luong clia may cang rd. Tuy nhién,
diéu nay doi hoi cang nhiéu thong tin va kién thirc chuyén sau
lién quan dén may va cac bo phan ciia n6. Pong thoi, qua trinh
phén tach cac bo phan ciia may can phai xem xét dén trong s6
hiéu qua mang lai ctia qua trinh phan tach nay dén viéc gop
phén tiét kiém ning luong chung ciia may. Do do, trong nghién
clru ndy cua tac gia, chi ti€u phan tach dua ra nhu sau: Tai mot
cdp d@¢ phan tach n ndo do, chi sé ning liwong tiém nang G_i
cia mot bg phdn i & cdp do n lom hon 30% chi s6 ning liwong
tiém ning trung binh & cdp do phan tach trude dé (n-1) thi bo
phan I'nay can dwoc phan tach chi tiét hon.Cu thé, gia sir mot
méy san xuét ¢6 chi sb ‘nang luong tiém nang G 16n, co thé
phan tach thanh nhiéu cAp d6 nhu hinh v& bén dudi.

May gia
cong
[ | |
Bo Bo | Bo
phan 1 phan 2 phinn
Chi tiét | | Chitiét | | Chi tiét Chi tiét || Chi tiét
1.1 1.2 1.3 2.1 22

Hinh 3. Cdc cdp dg phan tach khéc nhau ciia méy gia cong
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Trong vi du nay ta thay rang, néu & cip do phén tach
dau tién, bo phan 1 va bd phan 2 ciia may san xuat dam bao
chi tiéu phan tach dua ra do d6 hai bg phan nay can dugc
phan tach sau hon dé danh gia chinh xac thanh phan nao
trong hai b phan nay c6 hiéu qua sir dung nang lugng kém
nhat, tic la:

Gy > 0,3 x = (chi tiéu 1) (G, 1a chi s6 nang luong tiém
nidng cua bo phan 1)

G, > 0,3 X ™ (chi tiéu 2) (G, la chi s6 nang luong tiém
nidng cua bo phan 2)

Céc bo phan con lai & cp phén tach nay khong dam
bao chi tiéu phén tach do d6 ta khong tién hanh phén tach
sau hon nira, do nang luong tiém nang c6 the tiét kiém duoc
cua cac bd phan nay thap hon nhiéu so v6i bd phan 1 va 2.

Két qua ap dung 2 chi tiéu phan tach 1 va 2 & trén ta thu
dugc cap do phan tach 2 cua may gia cong.

Tai cAp do phan tach 2 ctia méy, ta c6 thé tién hanh phan
tach ti€p tuc cac bo phan (1.1, 1.2, 1. 3; 2.1, 2.2) néu dap
ung chi tiéu phan tach dua ra.

Qua trinh phan tach két ‘thuc khi chi tiéu phan tach
khong thoa mén. K€t qua cudi cung cua viéc phan tach ta
thu dugc mot céy cac bg phan cua may san xuat dong vai
tro chinh trong viée gay ra hiéu qua st dung nang luong
kém cua may va can can thiép dé dwa ra cc giai phap nhim
néng cao hiéu sudt nang lwong, vi du nhu trong Hinh 3, cac
bd phan can dqqc xem )5ét nang cao hiéu qua sir dung nang
lugng duogc bicu dien bang nét do.

4. Ung dung

Mot may CNC 4 truc dugce dua ra nghién ctiu dé nham
muc dich danh gia hién trang sir dung nang lugng cliia may
va xem xét kha nang tiet kiém nang lugng cua cac bd phan
khéc nhau cua may.

Thong s6 cit chon lya dé thuc hién ung dung nay duoc
thé hién & bang sau:

Bing 1. Cic théng s6 cdt chon lua

Théng sb Gia trj Théng sb Gia tri
Cong suét cit 4,2 kW |S6 1an gia cong 10
N 7,2 gidy/ | Thoi gian thay o
Thoi gian cat (t_c) 1An cat dao (t_lo) 3,5 gidy
S6 lan thay dao (N)|  101an | Vantdccat | 1507mm/phut
Téng thoi gian gia i Téc do tién ,
cong(t_cyc) 280 giay dao 2250mm/phat

Nang lugng ti€u thy thuc té cua may dugc do tryc tiép
bang thiét bi do ning lwong. Két qua do thu dugc ning
lwong tiéu thu tdng ciia may 1a 1215Wh va ning luong tiéu
thu tung bd phan cua may:

Bing 2. Ning lwong tiéu thu thiee 16 ciia
cdac bg phdn chinh cia may

(E6)
B0 phén thay Hé théng khi
dao(E3) 40 nén(E7) 225
Hé théng tudi Bing tai
ngudi(E4) 350 phoi (E8) 40

A oA Gi4 tri nang A A Gié tri nang
Bophan | wong (why | BOPP | hugng (wh)
Truc chinh mang L aia
dao (E1) 190 Tu dién (E5) 50
Ban méy (E2) 60 Iéﬁerrt]};?rrlngéy 260

Nang luong hitu ich E_(huu ich) trong truong hop nay
1a tong cua:

* Nang luwong can thiét dé béc vt liéu: Gom ning
luong cat va nang luong an dao hitu ich trong luc boc phoi
san pham:

E; = (P, + P))t. = 84,04Wh
e Ning lwong can thiét dé thye hién thay dao cat:

E; « N+ t),

EII= =5Wh

cyc
e Ning lwong can thlet dé so tan nhiét sinh ra trong qud
trinh gia cong giita chi tiét gia cong va dung cu cdt:
E,xt. 350x 7,2x10
teye 280
Tong nang lugng hiru ich cia may:
E_(huuich) = E; + E;; + E;;; = 197,04 Wh
Kha ning tiét kiém nang lugng ciia may:

=90 Wh

Ey =

Ehuu ich

Gy = 1 — = 85,3%

tong

Ta nhan thiy rang kha ning tiét kiém ning luong ctia may
1a rat cao, do d6 can phéan tich may mot cach chi tiét hon dé
xac dinh thanh phin nao cia may la nguyén nhan gy nén
hiéu quéa kém trong st dung nang lugng ciia may. Theo tai
lidu ciia may, may CNC nay c6 thé phéan tach cap thir nhat
(cép phan tich 1) thanh cac 8 bd phan (n=8): Tryc chinh (1),
ban dao (2), hé théng thay dao (3), hé théng tudi ngudi (4), ti
dién (5), hé théng 1am mat may (6), hé thdng khi nén (7) va
bang tai phoi (8). De thuc hién duoc qua trinh phan tach can
tinh toan kha nang tiét kiém nang luong G_i (i=1...8) ctia cic
bd phan chinh ctia may & cap phan tach 1 va ap dung chi tiéu
phan tach dé xéc dinh cp phén tach chinh x4c can dat duoc:

« Chi tiéu phan tich: G; = 30% x 22

85.3%

Hay G; = 30% X =3.2%

e Kha ndng tiét kiém nang lwong G i cua cdc bg phan
chinh cia may: G; = (1 —I;)A;. Ap dung sd hoc do6i vai
ting bo phén ta thu dugc:

o Truc chinh chay dao: G; = 18,2% > 3,2% (thoa
chi tiéu phan tach)

oBan may:
3,2% (thda chi tiéu phan tach)

oHé thdng thay dao: G5 = 2,9% < 3,2%(khong
thda chi ti€u phan tach)

oHé théng twdi  ngudi:
3,2% (thda chi tiéu phan tach)

Gs =41%>32%

G, = 4,9% >

G, =21,4% >

oTu dién:
(thoa chi tiéu phan tach)

o Hé théng 1am mat may:
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Gg = 21,4% > 3,2% (thda chi ti€u phan tach)

oHé théng khi nén: G, = 9,05% > 3,2% (thoa chi
tiéu phan tach)

oBang tai phoi: Gg = 3,3% > 3,2% (thda chi tiéu

phén tach)
Ciép phin tich 1 Cip phiin tich 2
__| Trucchinh Mito GLI=113%
(1) dién
G1=18.2%
B6 phéan oo
L Bin dao (2) ©hic | GLE=69%
G2=4.9%
Hé théng True X |G2.1=4,9%
I | thay dao (3)
G3=2.9% Truc Y, Z G2.2=G2.3=0
i H¢ thong tudi
May CNC nsudil(4)
G=85,3% G4=21.4% Bom | G4.1=122%
| Tudién (5)
, Hé thong
G5=4.1% v =920
oA Jam lanh | G+1=%2%
Hg¢ thong lam
| mét may (6)
G6=21.4% Bom |G6.1=9,9%
Heé théng khi
nén (7) Quat | G6.2=9,9%
G7=9.05%
Bang tai phoi Hé théng
@®) khinén |G63=1,6%
G8=3.3%

Hinh 4. Céc cdp phan tich ciia may CNC

Ap dung chi tiéu phan tach, ta thiy ring cac bd phan can
dugc phan tach cy thé hon bao gém: truc chinh mang dao,
ban may, hé thong tudi ngudi, ti dién, hé théng 1am mat may
va bang tai phoi. Qua trinh phan tach cac bd phan nay cho
phép thu duoc cip phan tach thir 2 ciia may. Thuc vay, kién
thure chung cia may cho phép xac dinh dugc bo phan nao
clia may c6 thé phan tach chi tiét hon, bd phan nao khéng
thé phan tach chi tiét nita. Cu thé: ban dao c¢6 thé phan tich
theo cac truc X, truc Y, truc Z; truc chinh c6 thé phén tach
thanh moto dién va cac chi tiét dan hudng khac; hé thong
twdi ngudi phan tach thanh bom, hé théng 1am lanh; hé théng
1am mat may c6 thé phan tach thanh bom, quat, hé thong khi
nén, hé thong bang tai phoi va tii dién khong thé phan tach
dugc nira do d6 qua trinh phan tach ap dung cho cac bo phan
nay dimg lai mic du thoa mén chi tiéu phéan tach. Dong thoi
trong qua trinh phén tach, tic gia ciing sir dung gia thiét dé
xac dinh ning lugng tiém ning ciia cac chi tiét tuong tng tai
cap phén tach 2: nguyén cong cét thyc hién la nguyén cong
phay bé mat va truc chuyen dong nhiéu nhét theo phuong X,
dO d6 nang luong tiém ning cua tryc X bang voi ning lugng
tiém ning cua ban chay dao, cac truc con lai coi nhu bang

khong. Ap dung cong thirc tinh toan kha ning tiét kiém ning
lugng G_i ta c6 thé tinh toan dugc phan trim ning luong c6
thé tiét kiém duoc cia timg chi tiét may ¢ cip do phan tach
2 nhu duogc biéu dién trén Hinh 4. T d6 c6 thé xéc dinh
duoc cac chi tiét 1a nguyén nhan gay ra that thoat nang lugng
ctia may (duoc biéu dién bang nét do) trong Hinh 4 dan dén
hi¢u qua kém trong st dung nang lugng cua may.

5. Két luan

Trong bai bao nay, mdt phuong phap phan tach danh
gi& thyc trang st dung nang lugng cia méy gia cong CNC
duoc dua ra. Phuong phap phan tach danh gia nay cho phep
thu dugc mot cai nhin toan dién, chi tiét vé& hiéu qua sur
dung nang lugng ciia may gia cong va cac bo phan chi tiét
méy thong qua chi s6 hidu qua sir dung ning lugng. Dong
thoi, trong phuong phap phan tach danh gia nay, chi tiéu
phén tach danh gid nang lugng ti€u thu ciia may va cac chi
tiét may dugc dua ra cho phép xac dinh chinh xac cap do
phén tach phu hgp trong qua trinh danh gid hi¢u qua nang
lugng tiéu thy ciia may. Py 1a budc quan trong hd trg cho
viéc nang cao hi€u qua st dung ning luong ciia may gia
cong. N6 cho phép xac dinh nguyén nhan giy that thoat
ning lugng tidu thy dan dén hiéu qua st dung ning luong
kém cta may.

Loi cadm on: Nghién ctru ndy duogce tai trg bdi Quy phat
trién tiém luc Khoa hoc Cong ngh¢ cua Trudong Pai hoc Su
pham K thuat - Dai hoc Pa Ning trong dé tai c6 mi sb
T2018-06-102.
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