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Tém tit

T khoa:

Tu diéu khién may CNC, h¢ thong
truyén nhiét, dinh luat bao toan
nang luong.

Viéc thiét ké ché tao mot san pham nao d6 doi hoi phai tao ra nhiéu
san pham thir nghiém, sau d6 lam cac thi nghiém de kiém cac tiéu
chi dat ra cua tung san pham tr d6 dua ra thiét ké tdi wu nhat. Tuy
nhién nhiing viéc nhu vay tén rat nhidu thoi gian, cong sirc va tién
bac. Do d9, viéc md phong, tinh toan irng xur cia cac san pham bang
chuong trinh may tinh dan phat trién va thay thé cach lam truyén
thdng. Céac két qua tinh todan mo phong nhiét do, van tdc cta dong
khong khi trong ti dé tim ra nguyén nhan chinh giy nhiét d6 cao
trong ti, tir 6 dé xuat cac bién phap giam nhiét. Thiét 1ap hé thong
tan nhiét cho ti diéu khién. Tuy khong giam nhiét nhiéu nhu lap
may lanh, nhung tiét kiém chi phi, nang lugng, lai an toan cho
ngudi st dung. Pay la giai phap phu hop nhat véi xuéng quy mod
nho, khong c6 hé théng lam lanh.

Abstract
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Designing and manufacturing a certain product definitely requires
many experimental ones, and then doing some experiments to
examine specifications of each product and proposing the optimal
design. However, too much time, labour and money should be
invested into such activities. Therefore, emulating and calculating
behaviors of these products by computerizing has increasingly
become more popular than the traditional method. The results of
emulating and calculating temperatures, speed of air flow in the
cabinets to identify the main causes of high temperatures, after that
proposing some heat reduction methods. Establishing heat elimination
systems for control cabinets. Although the reduction is not so
significant as in air conditioning system, it does save money, energy,
and is safe for users. This is the most appropriate solution for small-
scaled workshop which does not have cooling system.
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1. GIOI THIEU

Qua trinh trao di nhiét trong ti diéu khién thuong dugc chia 1am 2 giai doan bao gom:

Giai doan 1: Trong qué trinh cac thiét bi dién tir trong tu di€n hoat dong s€ sdn sinh ra nhiét
lugng do dong dién chay qua, lam cho nhi¢t d6 cac thiét bi nay tang cao. Luc nay xuét hién su
chénh 1éch nhiét do,nhiét do céc thiét bi dién s& cao hon nhiét do khong khi xung quanh. Chinh su
chénh Iéch nhiét d6 nay din dén qua trinh truyén nhiét. Nhiét luong tir cac thiét bi dién s& dugc
truyén sang moi trudng théng qua cac phan tir chit khi bao boc xung quanh 16p vo thiét bi dién .
Qua trinh truyén nhiét nay xay & hinh thirc dan nhiét.

Giai doan 2: Sau khi nhan dwoc nhiét luong, cic phan tir chat khi bao boc xung quanh thiét bi
dién s& tiép tuc truyén nhiét luong qua cac phan tir chat khi khac trong ti diéu khién lam cho nhiét
d6 khong khi bén trong tu diéu khién ting 1én. Qua trinh ndy lam cho nhiét do khong khi bén trong
16n hon nhi¢t d§ bén ngoai vo tu, thi gitra ching lai ¢6 su chénh 1éch ap suét va do d6 c6 su trao dbi
khong khi bén ngoai voi bén trong. Cac phan tir khong khi trong tu 6 nhiét do cao s€ tang thé tich
1én,dan dén khdi lwong riéng nhe nén bdc 1én cao, tao ra ving chan khong phia dudi ti diéu khién
va khong khi bén ngoai s& tran vao thé chd. O phia trén cic phan tir khong khi bi don ép va c6 ap
suat 1on hon khong khi bén ngoai va thodt ra ngoai theo cac khe hd va quat hut gié phia trén. Qua
trinh nay dién ra ¢ hinh thirc di hru. Chung ta dé dang nhan thay néu nhiét d6 khong khi trong tit
cao hon nhiét d9 cac thiét bi dién. Thi nhiét lwong ciia cac thiét bi khong duoc phét tan ra bén ngoai
khién nhiét 6 ban than chiing lai cang tang 1én do hap thu nguoc lai tir noi c6 nhiét do modi truong
cao hon. Vay mudn dam bao dugc nhiét do lam viée cho cac thiét bi dién dwoc ti wu, thi qua
trinh trao ddi nhiét trén phai xay ra that hiu qua. Qua trinh truyén nhiét phu thude truc tiép tu su
chénh 1éch nhiét do cac thiét bi dién va moi truong xung quanh nd. Sy chénh 1énh cang cao, qua
trinh truyén nhiét dién ra cang nhanh chong.

Cac giai phap t6i uru thudng duoc sir dung nhu sau:

Sap xép cac thiét bi dién dya trén nguyén Iy dong hoc ctia khéi khi, néu khéi lwong riéng
ctua khong kh1 D = m/v, D 14 khi lwong riéng, don vi kg/m m 1a khoi lwgng, don vi kg; V 1a thé
tich, don vi m Thi khi nhiét do tang thi thé tich ¥ ting dan dén khdi luong riéng khong khi s&
nhe hon va noi Ién trén. Do d6, & phia trén ti dién nhém nghién ctru s& sip xép nhiing thiét bi toa
nhiét it nhat 1én trén ( mach BOB Mach3, chong nhiéu EMC Filters for AC Power Line ZAC-
00U ), con nhitng thiét bi téa nhiét 16n thi dé phia dudi. |

Bién phap thir 2: Do tac dong nhiét lam cho khi gidn n ra va tao nén sy dich chuyén cua
khong khi. Péi vé6i tu dicu khién c6 mot khe ho thi s& c6 mot luong khi thoat ra ngoai va mot
lwong khi tir ngoai vao trong phong. Ty sb giita cac Iwu lwong khi d6 ty 18 voi nhiét do tuyét ddi
clia trong va ngoai phong, day dwa vao ning luong toa ra cia mdi thanh phan trong hé dé co
luong toa/thu nhi¢t (hat vao/thoat ra) hop 1y theo dinh 1y (1)

Qout ]:)ut
0. 1, ®

Trong d6: Qour 13 luu lwong thé tich ctia khong khi tir ti thoat ra (m3/s); Qin 13 lyu luong
thé tich cta khong khi tir ngoai vao (m3/s); Tour 13 nhiét do cua khoi thoat khoi phong (K); Tin 1a
nhiét do khong khi vao phong (K).

Nghién ctru nay s& dua vao phuong phap nang luong dé danh gia qua trinh truyen nhiét cling
nhu t6i wu hoa tac dung nhiét trong ti diéu khién ctia may CNC. Céc két qua budc dau cho thiy cac
gia tri nhiét sau khi duoc t6i vu bang phuong phap ning lwong s& uu viét hon hin mé hinh cii.
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2.CO SO LY THUYET/PHUONG PHAP NGHIEN CUU
2.1. Nguyén ly vat ly: Nang lwgng duwgc bio toan

Phat biéu cua nguyén ly nay chinh la dinh luat thir nhat ctia nhiét dong lwc, ma khi ing
dung cho phan tir lwu chat chuyén chuyén dong voi dong thi suat bién d6i ning hrong trong phan
tir Iuu chéat bang dong tinh cta nhiét di vao phan cong vdi suit clia cong thuc hién trén phan tir
do luc khdi va Irc mat

Hodgc ¢6 the hiéu theo (2): A= B+C )

Trong d6 A, B, va C biéu thi nhiing s6 hang tuong tmg ¢ trén.

Trude hét danh gia C, tic 1a nhan duoc bleu thirc cho suét ciia cong thyuc hién trén phan tir
luu chét chuyen dong do lyc mat. Co thé thiy rang suat ctia cong thyuc hién boi mét luc tac dong
trén vét thé chuyén dong bang tich cua lyc va thanh phin van tc trong hudng cia lyc. Do d6

suét cua cong thuc hién boi lyc khdi tac dong lén phan tr Twu chat chuyen dong véi van tbcla V
la p.?.V(dx.dy.dz) . V6i luu y té1 nhitng luc mat, chi xét nhiing luc trong hudng x trong Hinh 1.
Suit cta cong thuc hién trén ‘phﬁn tr luu chit chuyén dong boi ap sudt va lyc ung suit theo
hudng x, don gidn 1a thanh phan van toc u nhan véi lyc. PE nhan dugc suat rong ctuia cong thuc
hién trén phan tu chat uu chat bdi lyc mat, cha y rang nhitng luc d6 trong huéng x duong thuc
hi¢n cong duong va nhitng luc dé trong hudéng x am thuc hién cong am. D6 d6 so sanh lyc ap
suat trén mat adhe va begf trong Hinh 1, suat rong cia cong thuc hi€n boi ap suat trong hudng x:

l:up—[up +Mj:|dydz = —dedydz 3)
ox ox

Twong tu suat rong cia cong thue hién boi tng sudt tiép theo hudng x trén nhitng mit abed
va efgh

Luryx + 8(2;})() dy} ut,, |dxdz= —%}?x) dxdydz (4)

Xet tat ca cac luc mat dua vao Hinh 1, sudt rong cua cong thyc hién trén phan tir luu chét
chuyén dongdo nhirng luc nay don gian:

+

_8(up)+8(urm)+8(uryx) O(uz.,) dxdydz )
ox ox oy oz

Biéu thirc trén xét duy nhét Iyc mat theo hudng x. Khi xét luc mit trong nhitng hudng y va
z, cling nhan dugc nhitng biu thirc thuong tu.
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Hinh 1. Dong ning luong lién quan dén phan tir luu chét vo cling bé chuyén dong

Tong quét, img sut tinh ciia cong thuc hién trén phan tir luu chat chuyén dong 1a tong cuia

nhiing déng gop lwc mat trong huéng x, y va z, cing nhu dong gop luc khéi. Khi d6, C trong
biéu thie (2) dugc xac dinh bai (6)

_[8(up)+8(up)+8(up)j+ a(urxx) a(uryx) a(urzx)}L
x oy | @& o
dxdydz + p.f .V(dx.dy.dz) (6)

+ +
ox oy oz

[a(vrxy) a(vrﬁ,) 8("73)

Tiép theo xét B trong phuong trinh (2), tirc 1a thong lwong tinh cua nhiét di vao trong phin

tr. Thong lugng nhiét nay do: thu nhét dé ddt nong thé tich nhu hip thu hodc phat xa cua birc xa,
va thi hai dé truyén nhiét qua bé miat do gradient nhiét d9, tirc 1a dan nhiét, khi d6 cho ¢ nhu

(g suat bo sung nhiét thé tich trén don vi khdi lwong.

S6 hang B trong phuong trinh (2) 14 tong cua phuong trinh (7)

. 6 b ' .
B=| pg- ., c Ay, . dxdydz (7)
ox Oy Oz

T
Trong do6: ¢, =K(%j; i=x—>z
i

0 oT) o oT | 0 oT
B= l:pq [GxK[aj GyK[ayj GZK[GZ D:ldxdydz (8)

Cubi cung A trong phuong trinh (2) biéu thi suat bién dbi theo thoi gian cua nang luz(mg

phéan tir luu chat. Nang lugng toan phan ciia mot luu chat chuyén dong trén khéi luong don vi 1a
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téng ndi ndng cuia nd trén gion vi khéi luong e, va dong nang cua nod trén khéi luong don vi V2.
Do d6 ning lugng toan phan 14 (e + 77/2). A dugc xac dinh boi (9)

D
A=p—
th(

2

e+ V?j dxdydz

©)

Tu (2) dugc thay thé‘ boi cac biéu thic (9), (8) va (6), khi d6 (10) dugc thé hién dinh luat
bdo toan cho qua trinh truyén nhiét.

D 2
— | e+—
th[ 2

e L e T e )P

i (a(up) o) +6(up)J+{6(uTM) o) +a(mﬂ)J+

oy oz Ox oy 24
. dxdydz
( +a(wﬂ)}[a(w@)+a(m)+a(m>J
Oz Ox oy oz
+pf V (dxdy.dz)

3. KET QUA VA THAO LUAN

3.1. Bai toan mé phéng nhiét ctia ti diéu khién véi h¢ thong thong gi6 truyén thong

Thiét 1ap nhiét 6, hé s6 dén nhiét cho timg phan tir trong tii diéu khién

Bang 1. Nhiét do va thong luong nhiét trude khi lip hé thdng tan nhiét

(10)

Phin tir H¢ s6 birc xa Nhiét d9 ban dau (°C) Cuong dd bire xa (W/m?)
Mach 3 0,87 52,4 566,78
Tam phang 0,85 34 428,11
TDK Noise 0,59 50,0 364,12
Transitor 0,93 39,8 504,82
Servopack 1 0,91 432 515,79
Servopack 2 0,91 432 515,79
Servopack 3 0,91 432 515,79
Servopack 4 0,91 432 515,79
Nguon 24V 0,85 40,2 463,76
Nguon 110V 0,85 41,4 470,90

Thiét 1ap bai toan véi 1 quat thoi khong khi tir bén ngoai vao tu diéu khién va 1 quat hat
khi nong tir bén trong ti diéu khién ra bén ngoai theo miu truyén thng hién nay.
V&i mo hinh truyén thng véi 2 quat ¢ chirc ning lam mat cho tii bao gom:
Quat 1: hat khi tir bén ngoai vao lam mat cho tu (td, cc linh ki¢n dién tir trong tu). Tuy
nhién, véi mé hinh nay khi khi thdi vao s& bi chin ngay tai tip chin din dén khi chi ¢ thé lam
mat mot bén cua tu diéu khién. Ngoai ra, khi théi truc tiép vao tu thi quat ddng thoi mang theo
nhiéu bui trong khong khi s& 1a anh huong dén chat lrong va tudi tho ciia tu.
Quat 2: Huat khi nong tir bén trong tu diéu khién ra bén ngoai, tuy nhién khi hau hét khi
nong tap trung xuong dudi day thung nhu Hinh 2. Do do, bién phap nay khong dat hiéu qua nhu
mong mudn vi hau nhu tat ca khéi khi ndng van ton tai trong ta diéu khién.
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0 0.500 1.000 (m)
B |
0.250 0.750

Hinh 2. m6 hinh véi 2 quat gi6 truyén théng

Céc két qua md phong cho thiy sy phin bd nhiét d6 trong ti dién nhu Hinh 3, nhu dd phin
tich ¢ trén, hau hét do nong van tap trung & cac bo mach va card diéu khién.

0.450

Hinh 3. Két qua nhiét tir mé hinh ta didu khién ban dau

Hinh 4. Két qua van t6c gi6 tir m6 hinh ti didu khién ban diu

3.2. Bai toan md phéng nhiét véi dé xuit cai tién sau khi mé phéng biang PP ning lweng

Dé giai quyét van dé trén, chung t6i tién hanh dé xuit dua cac quat ra bén hong cua ti dién
v&1 mo hinh nhu Hinh 5, trong d6 2 quat hit bén hong s€ dua khi tir bén ngoai vao va 1 quat hit
khi néng tir trong ta dién ra bén ngoai. Tién hanh mé phong véi cac kiéu ludi tho, trung binh va
min, cac két qua nhu sau:
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(a) ) (b) (c)
Hinh 5. Két qua Mesh ludi mo hinh ludi, tho, trung binh, min

(a) (b) (c)
Hinh 7. Két qua nhié¢t tr m6 hinh mesh luéi tho, trung binh va min theo phuong chiéu ding

Bang 2. So sanh nhiét do ban diu va nhiét do tai cac diém c6 nhiét d cao nhat

Nhiét do ban Nhiét dd & md Nhiét d9 & mé hinh Nhiét d9 & mé hinh
dau (’C) hinh Mesh th6 ("C) | Mesh trung binh (C) Mesh min (°C)
Mach 3 52,4 37,279 38,301 38,760
TDK Noise 50,0 36,422 37,243 39,677
Transitor 39,8 36,286 36,682 36,904
Servopack 1 432 37,000 37,721 37,813
Servopack 2 432 37,156 37,877 38,128
Servopack 3 432 37,358 38,275 38,206
Servopack 4 432 37,050 37,882 38,179
Nguon 24V 40,2 36,003 36,272 36,531
Nguon 110V 41,4 36,975 37,845 38,455
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Bang 3. So sanh nhiét d6 ban du va nhiét d¢ trung binh sau khi mé phong

Nhiét d9 ban Nhiét d9 6 md Nhiét d9 6 mé hinh Nhiét d9 ¢ mé hinh
diu (°C) hinh Mesh thé ("C) | Mesh trung binh ("C) Mesh min (°C)
Mach 3 52,4 35,818 36,191 36,596
TDK Noise 50,0 35,559 36,145 37,102
Transitor 39.8 35,309 35,637 35,882
Servopack 1 432 36,063 36,389 36,562
Servopack 2 43,2 36,194 36,699 36,900
Servopack 3 43,2 36,201 36,689 36,949
Servopack 4 43,2 35,958 36,445 36,771
Ngudn 24V 40,2 35,463 35,650 35,809
Ngudn 110V 41,4 35,761 36,169 36,377

0.450

(a) (b) (©)
Hinh 8. Két qua van téc gi6 tir md hinh mesh thé, trung binh va min

Bang 4. Két qua m6 phong vén tdc gié & mo hinh mesh, tho, trung binh va min

Mesh tho Mesh trung binh Mesh min

Vén toc gi6 | Van tde gi6 | Van toc gi6 | Vantde gi6 | Vin toc gié | Van toc gié

tai diém cao | trung binh | tai diém cao | trungbinh | tai diém cao | trung binh

nhit (m/s) (m/s) nhit (m/s) (m/s) nhit (m/s) (m/s)
Mach 3 1,807910 0,705220 | 1,788540 0,635119 1,737030 0,589884
TDK Noise 1,318190 0,626915 | 1,336870 0,668104 1,590090 0,658993
Transitor 1,786790 0,828671 | 1,954110 0,866744 2,101670 0,872077
Servopack 1 0,672687 0,229693 | 1,136140 0,239836 0,961881 0,206318
Servopack 2 0,725071 0,256772 | 0,941319 0,197325 0,938362 0,180903
Servopack 3 0,697478 0,268579 | 0,920011 0,222332 0,877097 0,198582
Servopack 4 0,732693 0,347278 | 1,126600 0,347841 0,920520 0,320649
Ngudn 24V 1,534920 0,624966 | 1,659150 0,534261 1,776730 0,506980
Ngudn 110V 0,818656 0,430046 | 0,968614 0,406005 1,006630 0,371296

- Nhiét do va van tdc gi6 cua 3 md hinh chia Iudi c6 nhiét d§ c6 chénh 1¢ch nho. Cho théy
rang 101 giai cta bai toan dang hoi tu kha chinh xac véi phuong phap bao toan ning lwong nhu
da trinh bay trong phan co kh 1y thuyét.

- Theo céc dic tinh truyén nhiét cia cac thiét bi dién, qua trinh chi yéu xay ra duéi dang
d6i luu. Va véi viée st dung quat thoi va hat dé ting cuong trao doi nhiét qua trinh nay tr¢ thanh
d6i luu cudng birc. Dwa vao cac tinh chat vat Iy cua dong nhiét lugng, dé tai da sap xép lai cac
thiét bi dién, va bd tri lai quat hit va thoi so voi miu dang st dung trong phong thi nghiém Co
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Hoc Ung Dung. Su thay d6i nay di mang lai két qua thay doi rd rét,cac két qua cho thiy khong
khi trong tii dwoc luu thong dong déu hon, khong khi 1am mat tir bén ngoai duoc dwa vao chinh
X4c cac vi tri can tiéu tan nhiét,lam giam nhiét tryc tiép cac thiét bi dién. Va nhiét do trong tu
ciing dong thoi giam theo.

- Nhiét d6 cuia cac thiét bi giam di so voi nhiét do ban dau khi chua thiét lap hé théng tan
nhiét giam kha dang ké. Gitta 4 Servopack c6 nhiét d chénh léch nhau. Servopack 1, 4 gan quat
nén tan nhiét nhiéu nhit. Piéu nay cho thay con miat han ché vé phan bd vi tri cac thlet bi theo
phuong ngang. Luong khong khi khuéch tan theo phwong ngang bi chdn bai cac thiét bi c6 kich
thudc 16m xép sat nhau,vi vay can xac dinh dugce khoang cach toi thiéu cac thiét bi nay dé luong
khong khi di vao c6 dam bao viéc thay thé cac luong khong khi cé nhiét do cao hon va khuéch
tan tiép tuc dén nhiing noi c¢6 nhiét do cao khac.

- Nhitng noi tiép xtic gan quat s& c6 van toc dong 16n hon, nén hé s téa nhiét ciing s& 16n
va nhiét do s& giam nhanh hon nhung noi khac.Vi quat mang khong khi tir bén ngoai vao dé
giam nhiét, nén c6 thé mang theo bui ban va khong khi 4m tir bén ngoai vao. Nén chung ta co thé
han ché van dé nay bang cach lap thém ludi loc bui cho quat.

4. KET LUAN

Vi nhirng giai phap trén, cac tac gia s€ di sau nghién ctru vé giai phap thiét ké hé thong
tan nhiét cho ti didu khién thong qua viéc 'm6 phong tinh todn trén phin mém Ansys CFX. Céc
két qua tinh toan md phong nhiét do, van tdc cua dong khong khi trong tu dé tim ra nguyén nhén
chinh giy nhiét dg cao trong tu, tir d6 dé xuat cac bién phap giam nhiét. Thiét 1ap hé thong tan
nhiét cho tu di€u khién. Tuy khong giam nhiét nhiéu nhu lap may lanh, nhung tiét kiém chi phi,
nang luong, lai an toan cho nguoi s dung. Day la giai phap phu hop nhat véi xuong quy mé
nho, khong c6 hé thong 1am lanh
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