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Hién nay mady CNC khong con 1a khai niém xa la tai Viét Nam. May CNC
xuat hién tai hau hét cac linh vuc san xuit, dic biét la trong cong nghiép. Bén
canh d6 MACH3 1a mét b diéu khién cho may CNC c6 gia thanh tuong ddi
ré, nho gon pht hop v&i nhu cau va thi hiéu coa thi trudng Trung Qudc, Viét
Nam. Tuy nhién trong qué trinh van hanh, viéc téa nhiét trong mach la diéu
khong thé tranh khoi. Diéu do6 ¢ thé gay anh huong dén tinh 6n dinh, dd bén
ctia phan tor mach ma viéc stra chira, thay thé c6 thé 1am cham tién d6 cong
viéc, chi phi stra chita. Nghién ctru hién trong anh hudng vé nhiét trong mach
dléu khién Mach3 cho may CNC (cu thé 1a mach CNC BOB MACH3 LPT)
bang phuong phap mé phong s& mé ra mot twong lai gin cho nhimg may
CNC duoc thiét ké va san xuat tai Viét Nam s& c6 chat lugng tét hon va ngay
cang phd bién hon, tir d6 g6p mot phan nho cong sirc vao viéc phat trién cua
nén khoa hoc cong ngh¢ trong nudéc.

Abstract

Keywords:

CNC controller set, MACH3
circuit, heat transfer, CNC
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Nowadays CNC machines are no longer an unfamiliar term in Vietnam. They
have already appeared in most of the fields of manufacturing, especially in the
industry sector. In addition, MACH3 is a controller set for CNC machines
which is known for being relatively cheap, small, and highly suitable for
demands and preferences for both Vietnamese and Chinese markets. However,
during the operating process, heat generation is certainly unavoidable. This may
have some certain effects on the stability and durability of circuit elements, and
therefore repairs or replacements may slow down the work progress as well as
increasing repair costs. Research on the phenomenon of heat effects in
MACH3control circuits for CNC machines (namely circuit CNC BOB MACH3
LPT) using emulation methods will open a very near future where CNC
machines designed and manufactured in Vietnam will have better quality and
be gradually more popular. Accordingly, it will insignificantly contribute to the
development of national science and technology.
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1. GIOI THIEU

My cong cu CNC la budc phat trién cao tir cac may NC. Cac may CNC c6 mot may tinh
dé thiét 1ap phan mém dung dé diéu khién cac chirc nang dich chuyén ciia may. Cac chuong trinh
gia cong dugc doc cung mot luc va duge luu trir vao bo nhé. Khi gia cong, may tinh dua ra cac
1énh diéu khién may. May cong cu CNC co6 kha nang thuc hién cac chirc nang nhu: ndi suy
duong thiang, ndi suyh cung tron, mat X04n, mat parabol va bat ki mdt bac ba nao. May CNC
cling c6 kha nang bu chiéu dai va duong kinh dung cu. Tét ca céac chie nang trén déu duoc thuc
hién nho mét phin mém ciia may tinh. Va dé dua cac Iénh tir may tinh dén dé gia cong trén may
CNC, can phai c6 mot bd phan dé tuong tac gitta may tinh va may CNC, ta goi d6 la Mach giao
tiép. Mach giao tiép dung de két nbi gw:a may tinh PC va mach diéu khién dong co, cac cong tic
hanh trinh, nut dimg khan cp. Pham vi ing dung: nén dung mach nay voi cac driver chinh hang,
cac driver tu lam thi nguy co gép su co v6i may tinh 1a kha cao nén can than trude khi dung. Céac
driver ty lam nén ding mach Giao tiép c6 cach ly.

“Controller Box”

Breakout T
Board

Hinh 1. Breakout Board (Mach giao tiép)

©
28

NC Software ‘
Installed

H¢ théng trong hinh bao gé)m mot may tinh véi phﬁn mém NC diéu khién va cac dong co o
dia. Hop diéu khién bao gdm ngudn dién( khong hién thi), mach glao tlep va trinh diéu khién
dong co. Trén thyc té thi may tinh hoan toan c6 kha ning két ni truc tiép dén céac trinh didu
khién, nhung néu lam nhu vay thi nguy co rui ro, hong hoc la kha cao. Boi vy ching ta nén sur
dung dén mach giao tiép dé co thé dam bao an toan cho may lam viéc.

Mach MACH3 13 mach két ndi giira phdn mém diéu khién ( phan mém Mach3) trén may
tinh va cac phﬁn ttr diéu khién nhu driver diéu khién dong co budc hoac Servo, ngoai ra con ¢
nhi¢m vy nhan tin hi€u phan hdi tir cac cam bién va cong tdc hanh trinh va dua vé phﬁn mém
xu ly.

Trong qua trinh cac thiét bi dién tir trong mach dién hoat dong s€ san sinh ra nhiét lugng
do dong dién chay qua, 1am cho nhi¢t do céc thiét bi nay tang cao. Lic nay xuét hién su chénh
léch nhiét do, nhiét o cac thiét bi dién s& cao hon nhiét do khong khi xung quanh. Chinh sy
chénh Iéch nhiét d6 nay dan dén qua trinh truyén nhiét. Nhiét luong tir cc thiét bi dién s& dugc
truyen sang moi truong thong qua cac phan tir chét khi bao boc xung quanh 16p vo thiét bi dién
diéu nay lam anh hudng lon dén qué trinh diéu khién ciing nhu hu hong trong mach dién tur
dang dung. Bai bao da tién hanh md phong qua trinh nhiét cling nhu sy trao d6i nhiét qua lai
giita cac linh kién dién tir khi hoat dong. Bang phuong phap md phong sy truyén nhiét, cac két
ludn da chi ra su tap trung nhiét do 16n nhat trong mach MACH3 dé tién hanh gia ¢ va khic
phuc kip thoi. Nhirng nghién ciru sdu hon s& duoc trinh bay trong nhitng nghién ctru tiép theo
ctia nhom tac gia.
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Hinh 2. Mach két néi Breakout board

Hinh 3. So d6 hé thong diéu kién mé hinh may phay CNC

2. TONG QUAN CO SO LY THUYET NGHIEN CUU
2.1. Trinh ty phan tich bai toan theo FEM

FEM la phuorng phap so gan ding dé giai cac bai toan dugc md ta boi cac phuong trinh vi
phan dao ham riéng trén mién xac dinh c6 hinh dang va diéu kién bién bat ky ma nghiém chinh
xac khong thé tim dwoc bang phwong phap giai tich. Trinh ty giai mot bai toan bang phwong
phép FEM bao gom:

Bude 1: Roi rac hoa mién khao sat.

Mién khéo sat ¥ duoc chia thanh nhiéu mién con ¥, hay thanh cac phin tir c6 dang hinh
hoc thich hop. Véi bai toan cu thé sé phan tir, hinh dang hinh hoc cta phan tir ciing nhu kich
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thudc cac phan tir phai dugc xac dinh ré. S6 diém nat mdi phan tir khong 1dy dugc mot cach tuy
tién ma tuy thudc vao ham xap xi dinh chon.

Bang 1. Dang hinh hoc don gian cua cac phén tir

Phin tir bic nhit Phin tir bic hai Phin tir bic ba

. t/-'.\\ — T T~ .

Phan tr mét chiéu

L ]

Phén tir hai chiéu

Phén tir ba chiéu

Burére 2: Chon ham xap xi thich hop

Vi dai luong can tim chua biét, nén ta giai thuyét dang xap xi nd sao cho don gian ddi véoi
tinh toan bang may tinh nhung phai thoa mén cac tiéu chuan hi tu. Va thuong dugc chon ¢ dang
da thirc. Roi biéu dién ham xap xi theo tap hop gia tri va c6 thé c6 ca cac dao ham cua nd tai cac
nat cua phan tir {g.;).

Buéc 3: Xy dung phuong trinh phan tu, hay thlet lap ma tran do cung phan tir /K], va
vector tai phan tir {P}.. C6 nhidu cach thiét lap: truc tiép, hodc sir dung nguyén ly bién phan,
hodc cac phuong phap bién phén, ...Két qua nhan dugc c6 thé biéu dién mot cach hinh thirc nhu
mot phuong trinh phén ti,

[K].{a}.= {P}. (1)

Budée 4: Ghép ndi cac phan tir trén co so mo hinh tuong thirc ma két qua la hé thong
phuong trinh.

[K] .{q} = {P} )

Trong do: [K] 14 ma trdn do cung tong thé, {c_l} 1a vector chuyén vi nit tong thé, {ﬁ} la
Vector tai téng thé. Su dung diéu ki€n bién cua bai toan, ta nhan dugc hé¢ phuong trinh sau:

[K*]{q* = {P%} 3)

Day chinh la phuong trinh h¢ théng;
Bude S: Giai h¢ phuong trinh dai so.

[K*]{q*} = {P*} (4)

Vi bai toan tuyén tinh viée giai phuong trinh dai sO 1a khong kho khan. Két qua tim duoc
1a cac chuyén vi ctia cac nut. Nhung ddi v6i bai toan phi tuyén thi nghiém sé dat duoc sau mot
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chudi cac budc lip ma sau mdi budc ma tran cing [K] thay ddi (trong bai toan phi tuyén vat 1y)
hay vector luc ntt {1_3} thay doi.

Bwéc 6: Hoan thién.
Tur két qua ¢ trén, tiép tuc tim ing suat, chuyén vi hay bién dang cua tat ca cac phan tu.

2.2. Tinh toan nhiét trén cac IC
Cong thuc tinh nhiét do tiép xuc cua IC véi moi trudng :
Tcs = 1)d x RJC + T;zmb (5)

Trong do6:7,,: Nhiét do bé mat IC, Py Cong suét tiéu thu, Thm: Nhiét do moi truong, Ryc:
Nhiét tro tir Die téa nhiét toi 16p vo. Tinh toan trén 1y thuyét: Tink nhiét d¢ bé mat IC ( Nhiét do
l6p vo dong goi, don vi °C voi Py ,Rjc, nhdp theo datasheet, Typmp = 28°C ) :

-74HC245D (S020) : T, =P, xR, +T,,, =0,5x40+28 =48°C

amb
-LM 358 (SO8 ) :T, =P, xR, +T, , =0,53x35+28 = 46,5°C
-EL817(DIP):T =P, xR,.+T, , =0,2x70+28=44°C

a

-LM 317M (DPAK,IC Ondp) : T, = P, xR, +T,, = 5x8+28 = 68°C

3. MO HINH HOA VA KET QUA TINH TOAN
3.1. M hinh héa trén phan mém SolidWork

Su mé phong dua trén céc thiét ké dién ta va thuc hién truyén nhi¢t hodc mé phong dong
chay chét l6ng thi ta c6 thé tao mo hinh hinh hoc hodc nhap dir licu md hinh tir cac géi CAD va
CAE khac. Sau d6 tao ra mot ludi cho hinh hoc mé hinh d6 va vuot qua lu6i va mo hinh dinh
nghia dé giai quyét cac tinh toan dong lwc hoc mé phong tinh toan.

d-lns | SOLIDWORKS MBD / “' ,Z 1] ,'/‘( @ t‘ Y- % m » Q v [

000 )

AodelView | Prn Prevew |

Hinh 4. M6 hinh mach diéu khién MACH3 v& bing SolidWork va m6 hinh mach diéu khién MACH3
trong phan mém DesignModeler



HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Blocks [74HC245D 1] MmE]
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Hinh 6. Nhap thong s6 ciia mdi IC

Hinh 7. Tinh toan va suit két qua bing The Mechanical application
3.2. Két qua tinh toan nhiét trén FEM

Tién hanh chia luwdi voi cac mirc hoi tu cia udi duoc thé hién nhu Hinh 8 va Hinh 9.

Muc Iuon hoi tu khi mo phong

_/ \ = Nhiét 4 Max
| \ " Nhigt @ Min
[ |
' |
1|
\ .
0 —

0.3 (mm) 0.2(mm) 0.15 (mm) 0.1(mﬂ1) 0.05 (mm) 0.01 (mm)

=Y
S

w
S

w
S

Gia tri nhiét 4o mo phong
1] =
o o

—
o

D¢ 16m cua ludi khi moé phong

Hinh 8. Két qua sau khi Mesh

Hinh 9. Kiém tra murc ludi hoi tu cia mo hinh
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Nhan thdy véi mé hinh chia ludi cho mach MACH3 nhu nghién ctru sé sir dung mirc luéi
min c6 kich thudc 0,Imm tai gia tri nhiét 40 Max, Min tuong Ung 1a 63,43°C va 32,35°C. Cac
két qua cho thay:

C
1/6/20L6 LiLB AM

63.8757 Max
60.3728

56.87
333671
19,8692
453613
42,8581
39.3556
35.8527
32,3498 Min

Time: 1 Tirne: 1
1/16/2018 1127 PM 1/16/2018 11:29 PM

0.002897 Max 13248 Max
00025751 177
00022532 e 10304
00019313 | — 26319
0.0016094 Y 73599
00012676 ] 1 50879
0.00096567 i = p 4416
000064378 | S ~ 2344
0.00032189 - P L4n2
0Min 3 OMin

Hinh 11. Trudng chuyén vi ciia mach Hinh 12. Truong Gmg suat ciia mach
Nhiét do tai cac linh kién trén mach duoc thé hién quan bang 2

Bang 2. Nhi¢t d0 tai cac linh ki¢n trén mach

Tén IC Nhi¢e do (°C) Trén tinh toan Trén Ansys
74HC245D 1 48 44
74HC245D 2 48 44

LM 358 46.5 42
ELS817 1 44 41
ELS817 2 44 41
EL 817 3 44 42,7
ELS817 4 44 43,2
ELS817 5 44 422
ELS817 6 44 44
LM 317M 68 63,88
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Két qua so sanh nhiét d6 trén tinh toan va trén md phong Ansys-Icepak, voi két qua sau khi
mo phong ta théy dugc c6 sy chénh 1¢ch nhiét do gitra cac IC. Ta c6 thé 1y gidi hién tuong nay co
thé 14 do blrc xa dién tlr, sy toa nhiét vdn c6 tir noi c6 nhiét do cao sang noi c6 nhiét do thép
trong mach va sai s6 trong qua trinh chia Iudi do d6 qua trinh tinh toan 1y thuyét c6 két qua cao
hon so vi mo phong.

4. PE XUAT BIEN PHAP GIAM NHIET

DPé mach diéu khién MACH3 giam nhi¢t d§. Bi€n phap gidm nhi¢t cho mach hoat dong tdt
hon duroc dé ra khi tién hanh thém quat tan nhiét cho mé hinh. Tinh toan hé thong théng gié cho
thing méay voi nhiét d6 khong khi moi trudng 1a 28°C di ra thung may v6i nhiét do 1a 30°C va
chon loai quat gi6 phu hop.

Bang 3. Nang suét toa nhiét trén cac linh kién

S6 lrgng Tén IC Cong suit
2 74HC245D 0,5W
1 LM317 SW
I LM358 0,53W
6 EL817 0.2W
Tbng cong suit 7,73W =27,828kJ/h

Luu lugng gidi nhi¢t thira véi nhiét d0 khong khi ra va vao tuong tng véi t, = 30°C va
t, = 28°C.

Thong thudng d6 4m twong ddi khong khi khoang ¢ = 80. Khi nudc va hoi nudc bdo hoa
theo #.=30°C ta duoc Py, = 0,04241bar.

i P 0,8.0,04241
d.=0622.————=0,622. = 0,0218kg [kgkk
1— @.P,,, 1 —0,8.0,04241
I =t,+ (2500+ 2t,)d, = 86k /kg
Theo #, = 28°C noi suy ta dwoc Py, = 0,03811bar.
PP 0,8.0,03811
d,.=0622.——— = 0,622. = 0,0196kg /kgkk
1— @.Pys 1—0,8.0,03811
I, =t,+ (25004 2t,)d, = 78k[ /kg
Suy ra:
w 27,828 5
g= = =3,8m°/h

I.— 1, 86—78
Thé tich thiung may : V = x.y.z=0,2. 0,14. 0,1= 0,0028 m’

Boisd tudnhoan: k=2 =3 = 1357,14
v 0.0028

Chon 6 miéng thong gi6 khi d6 tdc d0 gio 1a: @ = £ = 2= 54m/s

Tdn thit ma sat A = 0,0125 + E’D'}%I = 0,0137.

td

Tén thit cyc bo: H_, = E.f—g.p =&.pg
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Trong do: ¢ 1a hé s6 trd khang cuc bo; v 1a van toe khong khi; g 1a mat d§ khong khi; pqg 1a
ap suat dong. Chon ap suat dong p, ta dugc: § = 2,1; He, = 23,856 (mmH,0) = 224,14 (Pa).

Luu luong quat : £ @ =k.Q = 1,1.3,8 = 4,18 (m®/h). Vi k =1,1 1a hé s6 an toan
Hiéu suét chung cta quat : n = 0,5.

Cong suat dong co : N = % & 22W.

Céc két qua mo phong:

Hinh 13. Khong khi tir canh quat thdi vao, va thodt ra tim man

Pé kiém tra két qua nhiét 46 mach giam ta chay mé phong két qua bang phdn mém Icepak
- tich hop trong AnsysWorkbench.

857068
240797 Min

50,10 (mm)

1500 4500

Hinh 14. Trudng nhiét d6 sau khi lép quat tan nhiét

000032188
0 Min

Hinh 15. Chuyén vi sau khi lip quat Hinh 16. Ung suit Von-Mises sau khi ldp quat
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Bang 4. So sanh nhiét 6 mach sau khi lép tan nhiét

N Nhigt g (°C) Trén tinh toan Trén Ansys Sau khi tan nhiét
Tén IC

74HC245D 1 48 44 34,4
74HC245D 2 48 44 34,4
LM 358 46,5 42 38,1
ELS817 1 44 41 32,2
ELS817 2 44 41 32,2
EL 817 3 44 42,7 32,7
ELS817 4 44 43,2 33,7
ELS817 5 44 42,2 34,8

EL817 6 44 44 32
LM 317M 68 63,88 60,27

5. KET LUAN

Muyc ti€u trude tién ma nhom nghién ctru dé ra trong nghién ctru nay mé phong tac anh
huong vé nhiét cua cac phan tir toa ra nhiét d trong qué trinh hoat dong va m6 phong ching
bang cac phan mém chuyen dung nhu Icepak, Fluent duoc tich hop trong phdn mém Ansys, sau
d6 dua ra bién phap giam nhiét. Cac Két qua cho thiy khi tién hanh tai nhiét di mang lai hiéu
qua tuong ddi 16n, hau hét cac thanh phﬁn déu gidm dugc mét lugng nhiét 16n.
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