TRUGNG DAI HOC CONG NGHIEP TpHCM KHOA PIEN

CHUONG 1
CO SO VATLY - KY THUAT
CUA DIEN NHIET

1.1. KHAI NIEM VE PIEN NHIET VA CAC BIEN PHAP BIEN POI
PIEN NHIET.

Khdi niém dién nhiét xudt hién trong nhiéu qud trinh cong nghé khic
nhau cla sin xudt cong nghiép. Y nghia chi y&u cla né 1a viéc cip nhiét cho
cdc vat liéu va sdn phdm khic nhau nhd ning lugng dién. Uu di€m clia phuong
phép cip nhiét nhd ning lugng dién 1a:

1. C6 kha nang thu hep pham vi st dung méi trudng xung quanh trong
cOng tac.

2. biéu chinh nhiét @6 chuin x4c, tao ra dudc dong nhiét tip trung vdi
mat dd cao va tao dugc nhiét trudng can thiét trong khong gian cAp nhiét.

3. C6 kha ning ki€m tra nghiém ngit va diéu chinh chinh xdc ngudn ning
lugng ti€u thy.

4. C6 kha ning ciAp nhiét cho cdc vat liéu va sdn phAm nim trong cic moi
trudng khi c6 cdc thanh phan hod hoc khic nhau va trong chan khong.

5. C6 kha ning tao ra nhiét do tir ban than vat thé cin d6t néng. Ngoai ra
qué trinh dién nhiét cho phép ti€t kiém nguyén liéu dot va gidm sd lugng nhan
vién phuc vu.

C6 cic bién phap bi€n ddi dién nhiét nhu sau:
D6t néng nhd dién trd: theo dinh luat joule, khi ¢6 dong dién chdy qua
vat din dién, tdn hao ning lugng trong vat din dién chuyén héa dudi

e

dang nhiét, tda ra moi trudng xung quanh. Bién phdp nay c6 thé s dung
trong cac thi€t bi dién nhiét tic dong truc ti€p va gidn ti€p.

b. P&t néng nhd cdm ng: dua trén cd sd bi€n ddi ning lugng trudng dién
tr thanh nhi€t nho vi€c gy ra trong vat thé dong dién xody (Foucalts) va
vi€éc nhi€t sinh ra trong vat thé d6 cling tuan tha theo dinh luat joule.

c. D6t néng nhd dién moi: khi vat thé cich dién hoic ban din dugc dit
trong dién trudng tan sd cao, xuat hién hién trudng phan cyc. Tén hao do
cdc dong dién din va chuyén dich s& chuyén ho4 thanh nhiét.

d. D6t néng nhd hd quang dién: & diy vat thé dude dot néng 1a do hd quang
di€n cling nhu do sy trao ddi ions — electrons & cic dién cuc.
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c.

1.2.

D6t néng nhd plasma: khi chat khi bi ion hod do nhiét d6 cla hd quang
hoic do tir trudng hodc dién trudng tin sd cao, ¢6 thé nhan dugc plasma
nhiét do thap dung trong cap nhiét cho cdc vat khic nhau.

D6t néng nhd chiim tia electrons: nhiét ning sinh ra & day la do chiim tia
electrons dugc gia toc bing dién trudng va dap Ién bé mit vat thé.

D6t néng nhd tia laser: bé mit vat thé dude dot néng khi hap thu ludng
dnh sdng don sic mat do cao, goi 12 tia laser. Tia laser do may phat laser
tao ra.

VAT LIEU SUDUNG TRONG CAC LO PIEN:

Pé€ ché tao ra céc thi€t bi dién nhiét ngudi ta phai st dung hang loat cic

vat liéu diac biét ¢6 kha ning chiu dung dugc nhiét do cao.

1. Gach chiu Iita:

La vat liéu nén tdng détao ra cic 10 nhiét va cic thiét bi nhiét khac nhau.

Gach chiu 1tta ¢6 kh4 ning chiu dudc nhiét do cao (trén 1200°K) va c¢6 kha ning
ddm bio dudc cic yéu ciu sau:

Tinh chiu lita: khong bi bi€n dang va néng chdy dudi tic ddong clia nhiét
dd cao. C6 thé phan chia thanh 3 cip chiu Itta nhu sau: cAp thit nhat dugc
goi 12 chiu I¥a (1580 — 1770°K), cip thé hai: chiu lta cao (1770 —
2000"K), cdp tht ba: siéu chiu Ita (cao hon 2000°K).

Vat liéu c6 tinh chiu Ita that hon 1580°K dugc goi la vat liéu cidch nhiét.

D¢ bén co: dugce thé hién & sic chiu dung tai trong 20Kpa & nhiét d6 lam
viéc t0i da, khi d6 vat liéu bit dau bi bi€n dang.

P¢ bén nhiét: dude thé hién & kha ning chiu dung cia vat liéu khong bi
hu hai khi ¢6 su bi€n d6i dot ngot cia nhiét do.

Tinh trung tinh hod hoc: &€ khong 1am hu hai sdn pha4m nung trong 10 do
cdc tdc dong an mon hda hoc.

Tinh ddn dién thdp: thong thudng vat liéu chiu Iita trong cdc 10 dién phai
ddng thdi 13 vat liéu cich dién d€ c6 thé lip dit cac phan tif dién trd dot
néng bén trong.

Tinh dén nhiét thdp: D€ c6 gidm t6n hao nhiét bén trong thanh 10 ma
khong cin phdi ciu tao thanh 10 qué day.

Céc loai gach chiu Ira sau day c6 kha ning ddm bdo dugc hau hét cdc

yéu cAu néu ra § trén: gach chiu Ita ch€ tao tir dit sét c6 chita SiO, (2000°K),
chita AlL,O; (2300°K), chita MgO (2600°K), gach samét (2000°K)
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D6i véi cdc 10 ndu chdy cédc vat liéu va hgp kim khé néng chdy phdi st
dung céc vat liéu chiu Itta quy hi€m nhu ZrO, (28000K), BeO (28700K), ThO,
(3300°K), ...

Trong nhitng nim gin diy, ngudi ta thudng sit dung cdc vat liéu chiu Ita
dang tAm, mi€ng ép tif sdi nhan tao vi c6 thé rit ngin dudc thdi gian va cong lao
dong khodng 10% so véi vat liéu c6 di€n. VAt liéu sdi chiu Itra bao gdm: SiO, —
Zr0O,, SiO, — BeO, SiO, — ThO,, Al,O; — Si0,, ching c6 thé chiu dung dugc
nhiét d6 tir 1300°K — 1800°K.

2. Vatliéu cach nhiét:

Chiing cAn phdi c6 hé s& din nhiét thap va chiu Ira twong ddi tot. Cac vat
liéu cdch nhiét thudng c6 dang x8p, nhe hoic 1 cic sin pham cé nhiéu 15 bong
hoic & dang tAm ép tu hat c6 kich thudc twong d6i 16n. Cédc vat liéu cach nhiét
thudng gip la diatomit, bong thidy tinh, thdy tinh bot hoic hé phach.

3. Vit liéu chiu nhiét:

LA cdc vat liéu c6 do bén cd cao § diéu kién nhiét do cao. Ching phai
bén vitng ddi v6i cdc phan ng hod hoc x4y ra trong diéu kién nhiét dd cao. Céc
vat liéu chiu nhiét thudng c6 cod sd 1a sit cong thém mot s6 chit phu dic biét khi
luyén. Céc chit phu cé thé 1a chrome, nhdm, nickel, ..., ching c¢6 tic dung lam
cho hop kim chiu dung dugc tdc dong in mon héa hoc & di€u kién nhiét do cao.

Thép chrome — nickel vSi thanh phan chrome chi€m khodng 18% va
nickel 9% dugc dung trong cac 10 di€n nhiét c6 nhiét dd lam viéc dat 1100°K,
khi ting ty 1& nickel 1én 20 — 25% c6 thé 1am ting kha ning chiu nhiét ciia hop
kim 1én d€n 1300°K.

Doi vé6i cdc 10 dién nhiét do cao, cdc vat liéu chiu nhiét dugc dung Ia:
molibden, wolfram. Chiing c6 thé 1am viéc & trong moi trudng khi bdo vé nhu
argon, nitrogen, hydrogen, ...
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CHUONG 2
CAC THIET BI POT NONG
BANG PIEN TRO

2.1. BAN CHAT VATLY CUA PIEN TRO:

Dong dién 13 sy chuyén dong c6 hudng cia dién tich duong va Am dudi
tdc dong cia dién trudng. Trong cdc vat chit c¢é ciu tric mang nguyén ti (kim
loai va cdc chdt rin khéac), dong dién 12 dong chuyén dong clia cic electrons tu
do vé phia dudng cuc (anode), né ciing c6 thé 1a dong chuyén dong cia cic
electrons trong chan khong (cic electrons nay dugc phat xa tu di€n cuc, tu kim
loai hoic tir cdc vat liéu khac dit trong dién trudng). C4c vat chat din dién nhd
su chuyén dong clia cic electrons dudc goi 1a cdc vat chit din dién loai 1. Cic
mdi trudng din, trong d6 dong dién dugc tao ra nhd su chuyén dong cla cic ion
duong va Am dudc goi 1a cdc vat chit din dién loai 2 (chat dién phan, cdc dung
dich ho4 hoc,...). Plasma c6 tinh din dién hon hop.

Trong céc vat chit cé ciu triic mang nguyén t, sd lugng céc electrons tuf
do chuyén dong hdn loan bén trong mang rat 16n, vi du d&i vdi dong c6 thé Ién
t6i 10”/m’,

Theo 1y thuyét thi mang tinh thé kim loai khong hé can tré gi ddi vdi dong
chuyén dong electrons (dong di€n), vi vay co thé néi @6 dan dién cda kim loai 12
vo cliing 16n. Nhung trén thuc t€, do su tdc dong clia nhiéu y&u t& khic nhau nhu
nhiét @9, tir trudng, dién trudng, ... mang tinh thé kim loai dao dong va giy cin
tré dong chuyén ddong electrons. Piéu nay Iy gidi tai sao dién trd ciia kim loai lai
phu thudc vio nhiét @6 va & nhiét @6 rat thap c6 thé tao ra chit siéu din.

Quan hé giita mat do dong dién, cudng d6 dién trudng va dd din dién cia
vat thé dugc xdc dinh nhd dinh ludt Ohm. G dang téng quat co thé viét:

J=(ne €, e + 1€, 1) E (1.1)
Trong dé:
] : mit do dong dién, Alem?,
ne, n; : mat do di€n tich electrons va ion, l/em®
Ue, i : dd chuyén dong cla cdc electrons va ion & dién trudng
E=1 (v/cm)
€y : dién tich electron.

Trong cac kim loai, dong dién sinh ra chii y&u nhd dong chuyén dong cia
cac electrons, vi vay (1.1) c6 thé viét lai nhu sau:
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j=n¢€, U . E (1.2)
Tu (1.2) suy ra:
C =N €, e (1.3)

Trong dé:

c l1a d6 din dién, phu thudc vao mat do dién tich n. cling nhu vao dang va
trang thdi cua kim loai L.

tu: j=0o.E (1.4)

Gi4 tri nghich d4o clia dién din o:

1 /o =p :chinh 13 dién trd suit cia cdc vat liéu.

bién trd suit p phu thudc vao nhiét do theo quan hé sau day:

Pr=p2 [ 1+ a(T-Ty)] (1.5)
vOi  po: dién trd suit cla vat liéu & 20°C (293°K)
o :hé s6 nhiét dién trd clia vat liu, 1/°C, T = 293°K

T&c @6 chuyén dong cia electrons trong dién trudng E phu thudc vao hiéu

dién th€ U giita 2 dién cuc.

V, = 5,93.10°\/u (1.6)
Vi du: U=40KV, v, =118,6 . 10> ™
Khi do, electron dat ddng nang.
We.=¢eq.U (eV) (1.7)

Khi va dap v6i nguyén tif cia mang tinh thé, electron trao ning lugng cla
minh cho nguyén t& va lam cho kim loai bi néng 1é€n. Nhiét Iugng sinh ra do
dong dién I ch3y trong vat din dién dugc bi€u dién:

Q=I*R.t (1.8)

Véi: 1 : dong dién,

A,R :dién trg, Q

t : thoi gian dong dién chay qua, s.
Cong sudt nhiét c6 thé bi€u dién nhu sau:

2 2
5 U?_U
R plls

2 PPN NEPA X

g day, : chiéu dai vat dan, m.
- N PN A X 2

:ti€t dién vatdan, m

1
s
P : cOng suat, W.

2.2. CACPHAN TU PIEN TRG POT NONG:

Viéc lya chon vat liéu va k&t ciu clia phan tif d6t néng dugc x4c dinh bdi
cdc dic diém clia qud trinh cong nghé va két ciu thiét bi.

Phan tif d6t néng cAn phai c6 cic dic di€m sau: dién trd suat 16n, hé s&
nhiét dién tré a nhé va phai c6 tudi tho cao. C6 thé phan ching thanh 3 nhém
theo nhiét @ lam viéc nhu sau:
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1. Nhiét do thap: 500 — 700°K, trao d6i nhiét chid y&u bing phuong phap
doi luu.
2. Nhiét d6 lam vié€c trung binh, tir 900 — 1.300°K, trao d6i nhiét biing doi
luu, trao d6i nhiét va bic xa nhiét.

3. Nhiét do 1am viéc cao tir 1.500 — 2.300°K, chd yé&u truyén nhiét bing
buc xa.

Pé& ché tao cdc phan ti d6t néng c6 nhiét dd 1am viéc dén 1500°K, ngudi
ta thudng si dung cdc vt li€u: Nicrome (hgp kim nickel, chrome), hgp kim
chrome va nhdém cling nhu hgp kim thép chiu nhiét chrome — nickel.

Nicrome vdi thanh phan 75 — 78% nickel va khodng 25% chrome, khi
ting thanh phan nickel trong hop kim sé& 1am ting kh3 ning nhiét d6 ctia né. B6
sung thém titan s& lam ting d6 bén co ciia hop kim.

Hdp kim nicrome vdi 22 — 27% crome va 17 — 20% nickel dudc ding dé
ch€ taoi cdc phin t& d6t néng c6 nhiét do 1am viéc dén 1100°K.

Hop kim ctia thép, chrome (13%) va nhom (d€n 4%) ciing dudc dung lam
phin t d6t néng 1am viéc & nhiét d6 1100°K.

Hop kim ¢6 chita 20 — 27% chrome va mdt lugng nhd cac chat phu khac
nhu titan, bore ... ¢6 kha ning 1am viéc & nhiét do d&én 1470 — 1620°K.

Cé4c hop kim trén dugc sit dunglam phan t& dot néng dang hd hoic bio
vé. O dang tht nhat k&t cdu phin ti d6t néng twonng d6i cing va duge ch€ tao
tr day hoidc bing c6 ti€t dién 16n. Phan tif dang hd dudc 1dp dit trong cdc 10 va
dung cu dun niu gia dinh, ching c6 hinh dang ziczic hodc xodn 10 xo.

D€ dun niu chit 16ng hoic d6t néng chit khi trong mot vai qua trinh cong
nghé, c6 thé st dung cdc phan tif dang 6ng dugc lam tir vt liéu thép gdm x8p c6
cdc 16 nhd 1i ti kich thuc khodng 40 - 80um dé bao ddm cho chit 1dng hoic chat
khi thim dugc qua thanh cda né. Suat tdi nhiét clia phan t loai nay I1a vao
khodng 1KW/cm?® v6i nhiét d6 1am viéc 1a khodng 400 — 600°K. Pién dp dit trén
mdt phan ti c6 thé tir 1 — 12V.

Khi d6t néng & nhiét do thdp c6 thé st dung rongrdi phan ti dot néng
dang 6ng dugc md ta trong (H.2.1).

1. Ong kim loai; 2. VAt lidu cach didn, din nhiét t6t; 3. Soi dét,
Hinh 2.1
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Chat don trong dng thudng st dung Periclaz (MgO) nau chdy. Cong suit
ong c6 thé tir 100W d&n 15KW, dién 4p lam viéc tir 36 - 380V, nhiét do6 lam
viéc tir 400 — 1000°K. Tudi tho trung binh ctia 6ng tir 10.000 d&n 40.000 gid.

Doi v6i cac 10 nhiét do cao t6i 1700°K thudng st dung cdc phan ti dot
néng ch€ tao tr carbonrundum (SiC) dang thanh, dudng kinh 6 — 30mm, véi
chiéu dai khic nhau.

Phan tif @6t néng lam tir silic milibden (MoSi,) c6 thé€ 1am viéc § nhiét do
2000"K trong moi trudng oxygen.

M,Si, dugc ché tao bing phuong phdp luyén kim bot. Trong moi trudng
oxygen & nhiét dd cao hon 1300°K trén bé mit phan t& d6t néng dugc phii mot
16p bao vé SiO.. G nhiét do tir 2000°K trd 1én 16p bdo vé ci bi pha hiy va tu
hinh thanh 16p bdo vé mdi, két qua 1a ti€t dién clia phan ti bi gidm din dén dién
tr§ ting Ién. Vi vay, & nhiét do trén 2000°K khong nén ding phan ti dot néng
loai nay. O nhiét do dén 2300°K phan t& d6t néng dude lam tir kim loai gdm. Vi
du : oxyde Ziriconi ¢6 chita 4% oxyde canxium hodc 6% oxyde itria. Trong cac
16 dién nhiét dd cao (tur 2300°K tré 1&én). C4c phan ti d6t néng dudc Iam tir vat
liéu khé néng chdy nhu than chi (graphite), hodc cdc kim loai khé ndu chdy nhu
moliloden, tantal, wolfram, chiing dudc st dung chd yé&u trong mdi trudng khi tro
nhu argon, helium, hydrogen, nitrogen cling nhu trong chan khong.

2.3. CAC LO PIEN TRO:

Lo dién tr§ dudc sit dung nhiu trong cic cdng nghé ché tao may, luyén
kim, trong cdng nghiép nhe, cdng nghiép hoa chat, trong xay dung va nong
nghiép. Su da dang cia cac qua trinh cong nghé cling nhu viéc st dung cac vt
liéu da dang din d€n su da dang clia két cAu 10 dién trd. Nhiéu qud trinh cong
nghé khic nhau doi hdi phdi thuc hién trong di€u kién chan khong hoic khi bdo
vé din dén sy can thi€t phdi c6 10 dién tr§. Lo dién trd dugc phan thanh 2 loai
chinh 12 10 nung va 10 nau chay.

a. Lo nung dién trg:

Ching dudgc ché tao theo 2 nguyén tic:

- Lo nung tic dong gian ti€p: ning lugng dién dugc chuyén hod thanh
nhiét nhd cdc phan t dot néng dic biét, sau d6 dugc truyén vao khong
gian cong tic nhd din nhiét, ddi Ivu va bic xa. Trong cdc 10 nung tic
dong truc tiép.

- L0 nung tdc dong tryc ti€p: vat thé can dudc nung néng dudc diu truc
ti€p vao mach dién.

Tuy theo miic d6 nhiét dat dugc c6 thé phan thanh: 10 nung nhiét do thap

(900 — 1000°K), nhiét d¢ trung binh (1000 — 1600°K), va 16 nung nhiét do cao
(cao hon 1600°K).
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Theo ché& dd lam viéc c6 thé phan thanh 16 hoat dong lién tuc hay theo
chu ky.

Céac 10 hoat dong theo chu ky, tuy theo qué trinh c6ng nghé khic nhau c6
thé€ phan thanh: 16 budng dst, 16 ding, 10 chup, 16 ning, 10 bing truyén, 16 ling
ldn, 10 quay (H.2.2).

Nhu viy, cdc 10 hoat dong theo chu ky c6 thé phan biét véi nhau bdi
phuong phdp va hé thdng co ciu truyén dong, bsi vi tri 1ip dit sdi dot trong
budng 16. Kich thuc va cong suit 10 dugce xdc dinh bdi ning sud't can thi€t, bsi
nhiét d6 va dic tinh nhiét Iy ctia vat liéu.

-9

" 7/77///7//77 - :
\4

Y27 B

e)

1- Vom, dé chiu ltra; 2- Nép, clra chiu lira; 3- Thanh chiu nhiét;
4- Phan tr d6t néng; 5- San phdm; 6- San nang; 7- Co cdu nang;
8- Nap cach nhiét; 9- Co c8u m& nép; 10- Bang truyén.
Hinh 2.2A:

a) Lo chup; b) Lo néng; ¢) Lo diung;

d) Lo budng dst khi; e) Lo bang truyén.

Hinh 2.2A

Trong cic 10 c6 diéu khién 4p suit, thudng st dung khi trd hoic hdn hgp
khi dic biét. Chiing c¢6 cong dung t&t d6i v6i viéc xit Iy bé mit sdn phadm: nito
hod, ho4 citng bé miit, ... 1Am cho sdn phdm c6 dd citng cao hon va ting cudng do
bén sdn pham. Ciing c6 mdt vai loai 10 st dung mdi trudng hydrogen trong cic
qud trinh cong nghé khic nhau d€ phuc héi kim loai di bi oxy héa va G kim loai
quy hi€m (wolfram, molibden ...)

b. Lo nau chay kim loai dung dién trd:

Diing d€ niu chdy cic kim loai c6 nhiét d6 néng chdy thap nhu: chi, kém
va mot vai hgp kim ciia ching (600 — 800°K). Pic biét 1a 1o dién trd ding dé
nau nhdom va hdp kim nhom, cho phép dat dugc do tinh khi€t cao. Ching c¢6 uu
di€m 1a k&t cAu don gidn, cAp nhiét don gidn va qud trinh cong nghé don gin.
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Hinh 2.2B : Mét 38 phuwong phdp gdn phén t dot néng lén thanh 1o.
Lo nau chay kim loai dung di€n trd c6 th€ phan chia thanh hai dang: dang
ndi va dang budng.

©

e Lo dang ndi: c6 hinh dang 1a mdt ndi bing gang (H.2.3) dugc dit bén
trong v4 hinh tru, cdc chd trong dudc nhdi cdc vat liéu cach nhiét. Suat
chi phi ning lugng ctia ndi ndu nhom 1a 700 — 750 KWh/tan. Hiéu suit
vao khoang 50- 55%.

e Lo dang budn: thudng c6 thé tich 16n hon 16 dang ndi, sit dung d€ niu
va dic nhom. Lo loai nay c6 suat chi phi ning lugng vao khodng 600 —
650 KWh/tan, hiéu suat 60- 65%, t° = 800 — 850°K.

1. Voi rat kim loai

2 Co clu ép

3. N&i ndu kim loai

4. Sgi dat

5. Vat ligu nhigt nhiét
6. V& ndi.
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2.4. TRANG BIPIEN VA PIEU CHINH THONG SO LO PIEN TRG:

Cong suit 1o dién trd hién dai thudng dao dong tir nhé hon 1KW dén mot
vai MW. Céc loai 10 ¢6 cdng sult 16n hon 20KW thudng st dung dién 3 pha véi
dién ap: 220; 380; 660V. Hé s6 cong suit cosq = 1, doi khi phai sit dung mdy
bién 4p 10.

Trang bi dién trong hé thdng 10 dién trd thudng chia thanh: thi€t bi dién
ddong luc, cic khi cu dién diéu khién, do ludng va do nhiét do cao.

Trang bi dién dong lyc bao gdbm: mady bi€n dp 10 hodic mdy bi€n 4p tu
ngiu va hé thong cip ngudn cho cic co ciu truyén dong, hé thdng déng ngit
déng luc va cdc khi cu dién bdo vé khiac nhau nhu: contactor, khdi dong tur,
aptomat, cau chay.

Toan bd cic 10 dién tr§ dung trong cong nghiép déu dudc trang bi hé
thong diéu chinh nhiét dd ty dong, cho phép tu di€u chinh cong suit 10 va cip
nhiét theo yéu ciu.

Phan 16n 10 dién trd st dung dién 4p ludi dién ma khong can trang bi mdy
bi€n 4p 10. Tuy nhién viéc sit dung mdy bi€n 4p 10 (gidm 4p) cho phép ting
dong dién qua phan t dot néng, vi viy chiing c6 ti€t dién 16n din d&€n d6 bén va
do tin cdy dudc nang cao.

Nhiét d6 10 dugc diéu chinh bing cidch thay ddi cong suat. Diéu chinh
cong suat c6 thé thyc hién bing cic bién phiap nhu sau: déng — cit ngudn theo
chu ky, ddi ndi sao — tam gidc, d6i ndi phan tir d6t néng ndi ti€p — song song.

CD - cuén day may cét; DCT - Digu chinh nhiét dé
Hinh 2.4

Hinh 2.4: Bi€u dién s6 @6 mach dién va d6 thi quan hé gitra nhiét do 10 va
thdi gian t  phuong phdp di€u chinh nhiét do theo chu ky déng cit ngudn.

Ngoai ra, viéc di€u chinh cong sudt 10 con céc bién phap sau day:

1. S dung bi€n 4p di€u chinh nhuyén dong dién qua phan tir d6t néng.
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2. Péng phu thém vao mach clia cdc phan tir d6t néng cic phin ti¥ phu
(cudn khéng, bi€n trd ...)

3. Piéu chinh dang xung dong dién qua phin t ddt néng (st dung
thyristors).

Piéu chinh dong dién qua thyristors c6 thé thuc hién theo cdc bién phap sau:

1. Piéu chinh pha (tin sd diéu chinh f4 = 2 f nguén) (H.2.5a)

2. biéu chinh véi tan s6 cao (H.2.5b)

3. Piéu chinh dong dién véi tan s6 thap (H.2.5¢)

TR
M

- Tk
N A\

- A NN A N

PCT v \/ v

T - Thyristor; DK - digu khién Thyristor; DCT - diéu chinh nhiét dé
Hinh 2.5

t
t
t

2.5. CAC THIET BIPIEN Xi :

Pic di€m co ban clia phuong phdp dot néng dién xi 1a sy chuyén hod qua
trinh d6t néng nhd hd quang sang qué trinh d6t néng khong ¢6 hd quang. 6] day
nhiét lugng can thi€t d€ 1am néng chiy kim loai nhian dudc nhd dong dién chdy
qua 16p xi diic biét va nung néng né 1én d&n 2000 — 3000°K. v& co ban 10 dién xi
c6 cau tao nhu trong (H.2.6).

il

1- Dién cuc; 2- Lép xi; 3- Bé két tinh; 4- Hé théng lam mat bang H, O; 5- Kim loai

déng cuing; 6- Kim loai néng chay; 7- Lép xi bam thanh 19,
Hinh 2.6
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O day, dong dién dugc cung cAp bdi mdy bi€n 4p, chiy qua dién cuc 1
ngap trong 16p xi 2 va ddy 10 4. Lép xi ¢ dién tr§ 16n bi d6t néng nhanh chéng
theo luat Jun.

PAau dién cuc néng chdy, nhd giot kim loai ludn lichqua 16p xi néng nhg
dé chiing dudgc ti€p tuc dot néng va lam sach cdc tap chit.cudi cing kim loai
néng chdy dong lai dudi ddy 10 dudi dang thdi kim loai két tinh 5. Xung quanh
thdéi kim loai va thanh 10 hinh thanh mdt 16p xi than do cdc tap chat bi d6t chay.

ﬂ%% = |

= S 0

N
NN

a) b)
Hinh 2.7

Céc yé&u t6 co ban xdc dinh cdc wu di€m cda phuong phip xit 1y kim loai
trong 10 dié€n xi la:

1. Sutdc dong hod hoc giira giot kim loai néng chdy va 16p xi trong 10.

2. Dinh hinh thdi kim loai dic ngay trong 10.

3. Tao ra nhitng thdi kim loai chit lugng cao nhu : thép lam vong bi,

thép khong ri, thép chiu nhiét ...

Ché& do dong dién trong 10 dién xi dudc dic trung bing dong dién xung
dap mach cé lién quan tdi viéc tao giot kim loai néng chay trong 10 va khoang
cach dién cuc luon thay doi.

Phu thudc vao hinh ddng va khéi lugng cla thdi kim loai didc (tron, chit
nhat, vuong, hinh 6ng, ...) 10 dién xi c6 cdc két cAu va cdc thong s6 khac nhau.

Tuy theo khdi lugng kim loai diic, cling mdt lic trong mot budng 10 c6 thé
c6 tdi 2, 3 dién cuc hodc nhiéu hon.

Da6i v6i phan 16n 10 dién xi, hé s6 1ap day budng 10 1a vao khodng tr 0,2
dé€n 0,65 va ting 1&n khi khdi lugng thdi didc 16n.

Mot vai thong s6 10 dién xi dugc trinh bay trong bang 2.1.

Bang 2.1.
Thong s& ESP2,58G ESP10G ESP20G
Cong sudt ngudn KVA 1600 2500 5000
Dong di€n cyc dai A 21000 28000 50000

BO MON THIET BI PIEN 12



TRUGNG DAI HOC CONG NGHIEP TpHCM

KHOA PIEN

P *A A A *A 2 A 2 7 A ~ A A
bé thuc hi€én cong nghé di€n xi, cin c6 cdc hé thong truyén ddng sau:

1. Dichuyén lién tuc hoic theo chu ky cic dién cuc bén trong 16p xi.

2. Hé thong 1ay thdi kim loai dic tir bén budng két tinh.

3. P4y 10 c6 nhiém vu lam mat bé mit thdi dic, doi khi ¢6 nhiém vu din
dong dién qua 10. N6 dugc ch€ tao tir ddng tAim gin vio ti€p di€m dé
dong cdt dong dién.

Bdng 2.2: Cho thdy mot s tinh chat hda ly clia cdc chat xi thudng dugc st

dung.
Bang 2.2
M3 hiéu Thanh phan hod hoc % Nhiétvd(f)onéng Pién trd suat
CaF, | ALO; | Ca0 | MgO chay °C Qhm
AH¢-11I1 95 - 5 - 1300 — 1400 0,0015-0,002
AH¢-6 70 30 - - 1320 — 1340 0,003-0,0035
AH-291 18 40 25 17 1450 0,0037-0,004

Han dién xi.

Phuong phap han dién xi dugc sit dung rong rii trong cong nghiép dé€ ndi
cic kim loai c6 bé day 16n (thép, gang, déng, nhom, titan va cdc hdp kim cda

ching).

bién cuc 3 va 2 phan vat han 1 dudc ndi vao ngudn dién xoay chiéu qua
16p xi 2. Khi ¢6 dong dién chay qua dién cuc néng chay, nhd giot kim loai da
dugc xit Iy qua 16p xi néng va dong vao chiu 5 1am diy phan khong gian giita 2
chi ti€t kim loai can han.

Cong sudt han dién xi va tr khodng 60 — 550KVA. DPién dp thit cAp mdy
bi€n 4p la tr 8 — 63 V.

1
I
4

1- Chi tiét han
2- Ldp xi

3- bién cuc
4-
5-

Kim loai dong cung

Kim loai nong chay.

w

1- Chi tiét han; 2- Lép xi; 3- Dién cuc
4- Kim loai déng clmng; 5- Kim loai néng chay
Hinh 2.8
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VI DU TINH TOAN:

Vidu 2.1.

Mot 10 dién nhiét dugc trang bi ba phan tit dién tr§ d6t néng gidng nhau
dugc ch€ tao tir vat liéu nickel — chrome va ndi v6i nhau theo sé dd hinh tam
gidc. Lo dién nhiét c6 cong sudt 1a 12KW & nhiét do 1am viéc bing 1200°C. Day
dién tré dugc quan thanh 6ng 16 xo c6 dudng kinh Dy, biing 6 1an dudng kinh clia
diy dién tré d va c6 budc 10 xo bing 3 1an dudng kinh ciia diy dién trd d. Ngudn
dién cung cap cho 10 dién nhiét 1a 3 pha, 380V. Hay xdc dinh:

1. Pudng kinh d va chiéu dai cia diy dién trd 1 d€ tao ra mot phan ti

dién tré dot néng.

2. Pudng kinh ngoai D va chiéu dai mdi 6ng 16 xo. Bi€t dién trd suat cia
vat liéu nickel — chrome & tai nhiét d6 1am viéc p = 1,17.10°Qm. Cong
suit tod nhiét bé mit cia phn ti 12 @ = 20KW/m”.

Gidi: 1. Pudng kinh va chiéu dai cda day dién trd d, I:

Cong suit tda nhiét cda phan ti dién tré d6t néng:

p =12 _akw)
3
U 2
Mit khéc: P=" M
V6i R 1a dién trd clia phan .
R= p.l— p la ti€t dién clia day dién trd.
q
4l
R=p. 2
P (2)
2 2
Thay (2) vao (1): P= 7" U (3)
4pl
Cong suit tda nhiét bé mit day dién trd:
P P
- 4
-y (4)
Tir d6: = (®)
4
Thay (5) vao bi€u thic (2) ta dugc:
2 2 211242
I:)=7zd.\/ .7Zd(0:7Z'Ud§0 (6)

4p P p.P

2 -6 2
Tir d6 ritra duge: g =g 0P _[4117107(4000)° _, 50 sy
720% | 2.(380)2.20.10°

B 4000
7.1,38.1072.20.10°

=46,13(m)
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2. Pudng kinh va chiéu dai 6ng 10 xo:
Pudng kinh trung binh cia m6t vong:
Dy=6.d
DPudng kinh ngoai ctia phan ti:
D=Dyp+d=7d=7.1,38.10°=9,7 (mm)
S6 vong day 10 xo N:

N = 1_ 4613 =1677 (vong)

|, 27,5107

V6i ly: chiéu dai mot vong day.
Tu (H.2.1) ta c6:

Hinh'V.2.1

| _ Dy + 73Dy + f°
° 2
7.6.d +74/36d° +9d2g
, =
2
= 37rd +3,357d = 6,35

=6,35.3,1416.1,38.10° = 27,5.10°°(m)

Chiéu dai 6ng 10 xo L:

d d

L=NAf+o o= 1677.3.1,38.10° +1,38.10°° = 7(m)

Vidu 2.2.

Mot 16 dién nhiét dudc trang bi ba phan tf d6t néng gidng nhau lam tir vat
liéu hgp kim fer-chrome-aluminium, ndi véi nhau theo s6 dd hinh tam gidc. Lo
c6 cong sudt 81 KW & nhiét d6 1am viéc. D€ ting tudi tho cla chiing & nhiét do

lam viéc dugc gidi han & 1050°C.

BO MON THIET BI PIEN
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Chiing c6 mat do nhiét thong bé mitla ¢ = Iw/cm?. Ld dugc cung cap bdi
ngudn dién 3 pha, 380V. Hay xdc dinh dudng kinh va chiéu dai can cho mot
phan t d va 1. Bi€t dién tr§ sui't cia hdp kim & 20°C 1a p = 1,45.10°Qm, hé s6
nhiét dién trd: a=40.10°(1/°C).
Giai:

Cong suit tda nhiét ciia mot phan tir:

81000

bién trd sudt & 1050°C Ia:

Proso = Py (1+2.1050)

~145.10°°
Ve e = 14 a.20
1+40.10°%.1050
Tir d6: ~145.10° ~151.10°(Qm
Proso 1+40.10 °.20 (€2m)

Suét nhiét thong trén bé mit vt thé 12 ¢ = lw/cm” hodc: 1. 10* w/m®
Pudng kinh d dugc xac dinh theo cdng thic G vi du 2.1:

J - ?i/ 42pF’22 _ #4.1,51.10 ‘2(27000)2 _6.7610°(m)
72U % 72.(380)2.10000

Chiéu dai diy din cho mdt phan tif:

P 27000

- rde  7.6,76.10°.10000

=127,4(m)

Vi du 2.3.

Mot phan tf ddt néng c¢6 chiéu dai L = 1,5m dugc dit nim ngang trong
khong khi ¢6 nhiét d6 0, = 20°C. Nhiét d6 bé mit ngoai cda phan tif 1a 800°C.
Phan tif ¢6 ciu tao hinh 6ng lam tir hgp kim nickel — chrome 80/20 va c6 dudng
kinh ngoai D, = 12,5mm, bé day e = Imm. Bén trong ng chita periclaz (MgO)
trong d6 cé dit sgi dot dudng kinh d dugc quan thanh hinh 6ng 10 xo0 c6 dudng
kinh D, =7,5mm. Hay xac dinh:

1. Nhiét khong do phan t dot néng sinh ra Or.

2. Sy phan b3 nhiét bén trong phan ti.

3. Pudng kinh d va chiu dai I ciia sgi dot sao cho nhiét thong bé mit cla

n6 1a ¢ = 7o/cm?.

Céc s0 liéu:

Hé s6 dan nhiét:

Ao = 12 w/(m.’K), Ao = 7,6 w/(m.’K)

khong khi 8 410°C ¢6: Ak = 0,05214 w/(m.’K)
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Hé s6 truyén nhiét doi luu:

6 -0
K =C'= |~ —=F C =0,434, ZL
D, VT,
Véi: 0, : nhiét do bé mit ngoai cia dng — 800°C

0, :nhiét do cia moi trudng — 20°C
D, :dudng kinh ngoai 6ng phan t& — 12,5mm
Akk :hé sd din nhiét khong khi & nhiét dd trung binh gifta bé mit
ong va khong khi 1a: 800+ 20
¢ s h == =410(°C)
g — gia téc trong trudng — 9,8067 m/s’
v, — luu lugng khi — 64,132 mm?*/s
T — nhiét do trung binh giita khong khi va bé mit 6ng tinh theo K
Ty = 410 + 273 = 683 (°K)
Hé s6 truyén nhiét bifc xa:

TS T4
. Tn _TO

y = EC

Vé6i € — hé sd phdn xa
tr bé mit ngoai clda phan ti,
€ =0,86.

6 =5,67.10° w/(m*K)

hiing sd stefan.

T, — nhiét do bd mat
ngoai 6ng phan tif tinh theo.

K T, -1073°K =Loma - i

T, — nhiét d6 moi trudng on=12.5mm -
tinh theo K —293°K.

1- Thanh 8ng phan tir d&t néng
2- Bot Periclaz

3- Soi dét quédn thanh &ng 16 xo
Hinh V.2.3.

Dién tr§ sudt soi dot p = 1,14.10° Qm, dién 4p ngudn U = 220V.
Giai:
1. Nhiét thong do phan ti cung cap:
Cong thic Newton c6 dang: @t =Ky . S (0, - 6y)
Trong dé:
Kr = K4 + Ky — hé s6 tda nhiét (w/(m* . °K)
0, — nhiét d6 bé mit ngoai phan t = 800°C
0, — nhiét do khong khi xung quanh =20°C
S — bé miit tda nhiét
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Tinh K : 50030

Kd =C4 PP —

12,5.10
6
C=043.4, 4|3 =4 B0 4969
VAT, | (64132)%.683
780
K, =0,969.4——— =1532(w/(m*°K
d 4 125107 (wi( )
4 4
K, =0,86.5,67.10° 307 -29) _ g5 410wi(m? oK)
1073-293

Tt d6: Ky = 15,32 + 82,41 = 97,73 (w/(m> . °K).
Nhié€t thong:

®y =97.73.58.9 . 10° (800 — 20) = 4490 (W)
2. Phin bd bén trong phan t d5t néng c6 thé phan chia thanh 3 khu vuc:
- Khu vyc trong bé day thanh 6ng.
- Khu vuc i bén trong thanh 6ng dén sgi dot.
- Khu vyc bén trong sgi dot.
Khu vyc trong bé day thanh 6ng:
Ap dung dinh luat Fourier cho 6ng tru ¢6 ban kinh rva b day dr, dai L, ta
co cong thuc: — 2 Ld_9
dr
Tu do: 6’t —Hn _ D, In Dn
2, L D, —2e

Nhiét 46 bé mit trong cia dng phan ti :

6,=6 + P D,
2mi,.L D, —-2e
-3
6, =800+ 4490 In 12,5.10° . ~807(°C)
2.314.12.15 105.10°
Khu vurc tir bé mit trong thanh 6ng cho téi sgi dot:
D, D, -2e
L™ % = In
27 Aygo-L D,
o, =807+—40 105 _gog000)

23147615 75

Nhiét do bén trong 10 xo sgi dot : ®, =-2ar.L—2 do
dr
Vi @ truyén theo huéng kinh tir sgi d6t ra bén ngoai thanh dng phan tt,
nén & khu vyc nay c6 thé xem @ =0, vi vay:
do
dr
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3. Pudng kinh d va chiéu dai I clia day dién trd:
Ap dung cdc cong thitc da biét:

ds 4.114.107°(4490)°
7°.(220)%.7.10°

4490
7.1,4.10°.7.10°

= 15,58(m)

Vidu 2.4.

Pé dun néng mot chat 1dng, ngudi ta sit dung cdc phan ti dot néng lam tir

cach dién khodng chit ¢6 cdc dic tinh sau:
- DPudng kinh ngoai d, = 2,5mm
- Dién trd trén don vi dai ¢ nhiét dd 1lam viéc r = 10Q2/m
- Cong suit bé mit cuc dai: @y = 400KW/m*
- Dién 4p ngudn U =280V
- Cong suat can thi€t d€ dun néng P = 6 KW.
Hay x4c dinh :
1. Chiéu dai t8i thi€u cia mdt phan tif Ly,
2. S6 lugng phan ti ndi song song N.
3. Chiéu dai mdi phan ti¥ .

Giai:

1. Chiéu dai t&i thi€u cia mot phan tif 1y,

Cong suat tda nhiét: 2 )2
pc Y 0
R 1l
Cong sut tda nhiét bé mit:
P P
= — = — 2
Y= ST zdl @
Thay (1) vao (2) ta dugc:
- 3
A ’rd, 3
Cong sudt nay phédi nhd hon gid tri clic dai ¢, tir d6:
U 2
<
A%rd, Po
U 2
Hay: 12 > <
Arrd, 7
Tu do: - :L (4)
N7zrd, e,
230
Imin = l,SO(m)

 /7.10.2,5.10%.400.10°
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2. S8 lugng phan tir ndi song song N:
Cong sudt P, tda ra tif mot phan t c6 chiéu dai I, 1a:

uU? 230)°
Frin == (10.1,)3 = 4069(W)
Tir d6 luong phan t¥ ndi song song N:
e
C6 thé dit: N=2

3. Chiéu dai ctia mot phan ti 1:
Cong suat tda nhiét tif mot phin ti:
P 5000

P.=—=——=2500
TN > W)
Mit khéc:
UZ
P -
Tl
2 2
suyra: =9 _ @0 _ 5496y
r.h,  10.2500
Vay: 1=2,12 (m)
Vi du 2.5.

D€ tinh luyén cic thdi thép va hinh thanh thdi ddc hinh tru, ngudi ta thuc
hién trong 10 luyén dic biét. Cac thdi thép cé dudng kinh d, = 150mm va dai
1; = 5Sm (thdi dién cuc). Cac thdi thép dic hinh tru ¢6 dudng kinh d, = 400mm va
dai I, = 10m. Lo tinh luyén dudc 1am mdt bing nudc c6 dudng kinh trong
d.=0,46m, thanh 10 dugc ché tao tir vat liéu dong c6 hé s& din nhiét A, = 395W
(m.°K) va day e = 2cm, bi bao phii bdi xi déng citng c6 bé day exi = 3cm va c6
hé s6 dan nhiét: A,; = 1,2 (W/°K.m).

P4y 10 tinh luyén c6 thé thap rdp dé dang. Chau kim loai néng chdy c6
chiéu cao h = 0,90m va c6 nhiét do 0,. = 1750°C. N6 dudc bao phi bdi mot 16p
xi méng & trang thdi chiy 16dng c6 nhiét d6 1a 1750°C va c6 hé s6 phan xa € =
0,28. Nhiét do trung binh cia nudc trong bé két tinh 12 Oy,0 = 50°C, nhiét do cla
moi trudng 12 6, = 27°C.

Xac dinh:

1. S& lugng thdi kim loai can thi€t d€ hinh thinh mot khdi dic hinh tru va
khoi lugng cda né.
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2. Cong suit can thiét d€ san xuit cic thdi kim loai dic khi toc do 1a
Scm/phuit.

3. Cong suat lip dit dién n€u cho ring hiéu suat cia thi€t bila n =95%

Céc s liéu: bd qua tdn hao nhiét khi dua théi kim loai vao va 1dy thdi dic
ra khéi 10 tinh luyén.

Thép:Khoi lugng riéng .y = 7958 Kg/m’
Ty nhiét : Cr=0,1325 Wh (Kg°K)
Nhiét 4n : L =50 Wh/Kg

Hé s6 truyén nhiét:
Chau kim loai néng chdy — xi  : K, = 1000 w /(m*.°K)

Thanh 1d — nudc lam mat : Ky = 2000 w /(m*.°K)
Hding s& Stefan :6=5,67.10° w /(m*.°K)
Giai:
1. S6 luong thdi dién cuc d€ tao thanh thdi dic.
Thé tich mét dién cuc: 2 2
At m.d’l 7(0,15
V, = 4' L = ( ) .5=0,088 (m3)
2 s 25 g rdZl, 7(0,4)?
Thé tich thoi duc: \/2 — 42 2 _ .10 =1,257 (m3)
— - |=—H0

| bé két tinh

chau kim loai néng chay

| thdi dic

NN D

H,O
cach dién

L dé

Hinh V.2.5
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S6 lugng thdi dién cyc. N = V, 12357

V, 0,088

Khéi lugng théi dic:
m, = 7V, = 7958.1,257 = 10.000(kg)

2. Cong sudt can thiét:
Thdi gian can thi€t d€ tao mot thdi dic:
Th&i gian cAn thi€t @€ nhan dudc khdi hinh tru 10m véi van toc

V =5cm/phitla: t=10/0,05 =200 (pht)
Tinh tdng ning lugng, bao gdm:
- Ning lugng cAn thi€t d€ nau chay E,.
- Ning lugng nhiét truyén ra nudc 1am mat E,.
- Ning lugng nhiét birc xa tir bé mit chau kim loai néng chdy E.
1. Ning lugng can thi€t d€ nau chdy E,; bao gdm:
Ning lugng cin thi€t d€ d6t néng thép ti¥ nhiét d6 moi trudng 0, = 27°C

1én dé€n gid tri nhiét d6 néng chiy cha thép 0, = 1750°C 1a:

mCr (0,0 - ) = 10.00050,1325 (1750 — 27) = 2283.10° (Wh)
Ning lugng can thi€t &€ nau chdy thép:

m, . L =10.000 .50 = 500 . 10> (Wh)
Vay E;=2283 +500=2783 (KWh)
2. Ning lugng nhiét truyén ra nuéc lam mat E,.
Hé s6 truyén nhiét chung K:

1 1 e e 1
+

K K, 4, 4, K,

X cu

K 1000 1,2 395 2000
Dién tich bé mit thanh 10:

S = 7d_h = 7.0,46.0,9 = 1,30(m?)
Cong suat nhiét truyén vao nudc lam mat bing:

E, =P, t=K.S@,-0,)

__ 1L 1,3(1750 - 50).@ = 277(KWh)
0,0266 60

3. Nhiét tiéu tdn do bifc xa tir b€ mit chau kim loai néng chiy Ej;.

Trong d6: E, = eo(T,' —=T,)S, 1

€ - hé s6 phdn xa = 0,28

o - hiing s6 Stéfan = 5,67 . 10° W/(°K.m?)
Sp — bé mit bifc xa clia 16p xi:

s, = %(df —d2) = %[(0,46)2 —(0,15)?] = 0,1485(m>)

L L + 083 + 0.02 + l _ 0,0266(° Km? /W)
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T, — nhiét d6 trén bé mit chau kim loai néng chay:
1750 + 273 = 2023 (°K)
Ty — nhiét 6 moi trudng = 27 + 273 = 300 (°K)

Tir d6: E, =0,28.5,67.107°.0,14852023)* — (300)4].%
=131560(Wh)
Hay: E, =131,6(KWh)

4. Téng ning lugng d€ tao ra mot théi dic:

E=E +E,+E,=2783+277+1316 =3191,6(KWh)
5. Cong sudt nhiét can thiét:

E  31916.60

P=—=—"=957,6(KW)
t 200
6. Cong suat lip dit:

p, =P 18 _1508kw)
n 095
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CHUONG 3
CAC THIET BI HAN TIEP XUC
----- 000-----

3.1. BANCHAT VATLY VA PHAN LOAI CAC DANG HAN TIEP XUC:

Han ti€p xic 12 qud trinh hinh thanh sy n6i cing kim loai nhd dong dién
chdy qua md&i ndi. Khi kim loai da bi néng chdy va khi c6 4p luc nén giita hai chi
ti€t nGi, nhd qud trinh din nhiét trong ban than vat thé€ kim loai, viing néng chdy
bi ngudi di nhanh chéng va déng cing.

Han ti€p xic 1a bién phdp han kim loai phd bié€n trong cdng nghiép, cé
cdc vu di€m sau day:

Tao ra mdi han tSt, tin cdy, c¢6 thé ti€n hanh ty ddong hod qué trinh hin

mot cich dé dang, ning suit han cao.

Khi c6 dong dién I chdy qua m&i han, nhiét lugng Q sinh ra c6 thé bi€u

dién theo:
t
Q= [R®+R, M1 (®adt (3.1)
0
J day: R, (t) —la dién tré ti€p xiic giita hai chi ti€t han

R, (t) — 1a dién trd clia chi ti€t han
T — 1a thdi gian dong dién chdy qua m&i han.

Tur (3.1) thay ring, ning lugng can thi€t cung cAp cho mdi han 12 do dong
dién sinh ra, vi vy khi cdc gia tri R, va R, nho thi gid tri dong dién nay thuGng
phai rat 16n (hang ngan amperes), thdi gian can thi€t d€ tao ra mdi han chic
chin chi 12 mot vai gidy. P€ ting hiéu suit han ti€p xidc phai 1am sao dé€ cho
tong dién trd mach dién qua mdi hian cang nhd cing tot.

bién 4p giita hai dién cuc 4p sdt moi han Ia vao khodng 1 — 16V.

Hai chi ti€t han bi d6t néng truc tién la & chd ti€p xiic gifta ching,
thudng thi bé mit ti€p xic khong dugc bing phang khi bé mit ti€p xidc cla hai
chi ti€t 4p sdt vao véi nhau, trén thyc t€ hai chi ti€t chi ti€p xic vdi nhau qua céc
di€m 16i. Dong dién chay tir chi ti€t nay sang chi ti€t chi ti€t kia chii y&u 12 qua
cic di€m 16i nay, vi vy mat d6 dong dién G cac diém nay rit cao. Nhiét do
dong dién sinh ra s& 1am ching néng 1én din dén dién tr§ & cic di€m ti€p xiic
lai ting thém nita, k€t qua 14 cdc di€m ti€p xiic bi néng chiy. Khi viing ti€p xiic
da bi néng chdy, nhd c6 luc ép giita hai chi ti€t han, dién trd ti€p xic dot ngodt
gidm xudng, nhiét lugng do dong dién sinh ra gidm nhanh chéng, méi han cé xu
hudng dong cing lai.
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Ngoai ra, nhiét lugng cung cAp cho ma&i han con phu thudc vao thdi gian t.
Khi t nhd, dong dién can thi€t phdi 16n. Ch& dd nay 1a ché do 1am viéc ning né
ddi véi mdy bi€n dp tao ra dong dién han. Ch€ do nay thudng dudc 4p dung dé
han kim loai mau, vi dy khi han nhém va hgp kim nhdm phéi ddm bao cc gia tri
nhu sau: J = 160 — 400 A/mm?, P = 0,25 — 0,4 Gpa, thdi gian t = 0,5 — 3s. C6 thé
phan biét 3 dang han ti€p xdc nhu sau: han ndi, han diém, han lin (con goi 1a
han may) (H.3.1)

Thong thudng, thi€t bi han ti€p xtc bao gdm hai phan chinh: phan dién va

phan co ciu truyén dong dién cuc.

1. Phan dién bao gdm may bi€n 4p vdi két cau dic biét, hé thdng mach
vong din dién qua mdi han va thiét bi diéu khi€n déng — cit dong
dién han.

2. Phan co ciu truyén dong dién cuc tao ra xung lyc ép cic chi ti€t han
vao vdi nhau.

Lmzr }lé g L

1- Dau c8t kep vat han; 2- Chi tiét han; 3- V&t han
Hinh 3.1

f -

3.2. HANNOIPAU:

La phuong phdp han ti€p xic, § d6 cdc chi ti€t dudc ndi ghép vdi nhau
qua mit cit ti€t dién cla ching.

C6 hai phuong phdp han ndi diu chinh: han dién tr§ va han néng chay.

Han dién tr§ (H.3.1a) vat han 2 dudc kep chit vao dau cot ndi dién 1 va
dugc ép bdi luc P, khi c6 dong dién chdy qua, nhiét sinh ra & chd ti€p xic ting
1én, khi da gan dat d&€n nhiét do néng chdy (T = 0,8 dén 0,9 T,.) luc ép P dot
ngot ting 1én, tao ra moi han ngay khi vat han con dang & trang thdi rin.

Han néng chdy c6 thé chia ra thanh: néng chidy do d6t néng lién tuc va
néng chdy do d6t n6ng khong lién tuc.
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1. Phuong phdp han néng chdy do d6t néng lién tuc, khi dong dién chdy qua
mdi han, luc ép P dudc giit & mot gid tri khong ddi nhat dinh, sau d6 gidm luc
P Iam cho dién tré ti€p xiic ting 1én do d6 nhiét lugng cung cAp cho mdi han
ting 1é€n lam cho kim loai bi néng chay. Nh& lyc ép P, kim loai ndng chdy s€
14p kin bé mit ti€p xic gitta hai chi ti€t tao ra mdi han chic chin.

2. Phuong phdp han néng chdy do dot néng khong lién tuc, cdc chi tiét dugc
déng nhip vao véi nhau nhiéu 1an, nhiét lugng sinh ra & day 1a do dong dién
chdy qua m&i han va do tia Ita dién phdt sinh khi hai ddu chi ti€t han déng
nhdp vao vdi nhau.

Han néng chdy c6é nhiéu wu di€m so vdi han ndi dién trd: mSi han bén
chic hon, khdng cin thi€t phdi x 1y gia cdng cd khi m&i han nhi€u sau khi da
han xong, cong suat thi€t bi khong can 16n, chi phi ning lugng thap hon. K&t cau
mdy han ndi dau dugc trinh bay trong (H.3.2)

1ESHE
Y T |
6 L I/ \J‘ Pl
rl_l‘, 8
5 IJ_LI_"_ /.
| LA o ¢
471 g =
. |
52 B
5 00000)
R ”’% /’/

a)
1- Ngudn cung cdp dong dién han; 2- Ban may; 3- Hé théng din dién;
i- D& ¢8 dinh; 5- Dau c8t kep VAt han; 6,7- Co cdu kep vat han; 8- D& chay; 9- Hé
th&ng truyan déng; 10- Thanh din hudng; 11- B phan didu khién
Hinh 3.2

3.3. HAN DPIEM:

Khi hai chi ti€t han dugc dit chdong 1én nhau, nim giita cdc dién cyc dugc
ép chit bing luc ép P (H.3.1b) va khi cho dong dién chay qua, cung cap cho chd
ti€p xtic nhiét lugng can thi€t lam cho néng chdy kim loai tao ra m&i han.

Thong thudng, m&i han c¢6 dudng kinh gan bing dudng kinh cda diu ti€p
xuc dién cuc.

Thoi gian cAn thi€t cho mdt mdi han phu thudc vao bé day vat han, vao
tihn chat vat ly ctia kim loai han, vao cong suat thi€t bi han, vao luc ép dit 1én
chd ti€p xic, c6 thé dao dong tir phadn ngan gidy (han kim loai mau) tdi vai gidy.

M4y han di€m thong dung c¢6 ciu tric nhu trong (H.3.1b).

BO MON THIET BI PIEN 26



TRUGNG PAI HOC CONG NGHIEP TpHCM KHOA PIEN

Pién cuc trén va dudi bé mit ti€p xdc ddm bdo mat do dong dién cin
thi€t dwa qua mdi han. (H.3.3) cho thdy chu trinh k&t hdp giita dong dién I va Iuc
ép P thyc hién cho mot mdi han di€m.

ﬁkI,p P

|

I

|

N |
I -
ﬁ

|

|

w

—x-- -

-

(6]

t

1 ..

1- Ep chi tiét dat gitra cac dién cuc; 2- Gilr luc ép
c8 dinh va tang luc ép & cudi xung dong dién;
3- Giam luc ép; 4- Déng xung dong dién;

5- Cat xung dong dién.

Hinh 3.3

D€ loai trir v&t han trén bé mit kim loai c6 thé sit dung cic bién phdp md
t trong cdc so dd & (H.3.4).

19

Hinh 3.4

bi€u nay dugc thyc hién bang cdch ting bé mit cong tic clia mdt trong
hai dién cuc (H.3.4a), han véi di€n cuc phﬁng (H.3.4b) hodc giita hai di€n cuc
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binh thudng c6 16t mot tAm kim loai (H.3.4c,d,e). khi han cdc tAm kim loai mdng
c¢6 thé stt dung mdy han mdt mit nhiéu di€m han (H.3.4g). khi can phai han tim
kim loai day, nhiéu di€m c6 thé sit dung 2 may han song song (H.3.4h)

Hé thong co cau tao lyc ép P trén céc chi ti€t han ciing rat da dang: c6 thé
st dung loai co cAu véi ban dap chan (pédale), cd cdu dung dién (motod hoic
nam cham dién), co cAu dung khi nén hoic thiiy Iyc.

Hé thong co ciu tao lyc ép trong cdc may han di€m c6 lién quan mat thiét
dén thdi di€ém déng — cit dong dién chdy qua m&i han.

Thong thudng thit ty thyc hién thao tic mdy han di€m nhu sau: dién cuc
ép chi ti€t han khi chua cho dong dién chdy qua mdi han, sau dé déng mach dién
dé€ cho dong dién chdy qua, sau mot thdi gian nhit dinh ngit dong dién va ning
dién cyc 1én, mdi han da dugc thuc hién.

Piéu chinh dong dién va diép 4p & mach thit cAp mdy bi€n dp dudc thuc
hién bing cich thay ddi s6 vong diy so cip cda né.

Thoi gian dong dién chdy qua mdi han c6 thé chinh dinh nhd relay thdi
gian hodc nhd ti€p di€m hanh trinh.

C6 thé ché€ tao may han nhiéu diém ddng thdi. C6 2 loai may han ki€u
nhu vay:

Loai thit nhat, trén tim kim loai chi bd tri 2 dién cuc, dong dién han chdy
tir dién cuc nay sang dién cuc kia d€ tao ra mdi han.

Loai thit hai, trén tAm kim loai bd tri dong thdi nhi€u cip dién cuc, dong
dién chdy 1an lugt qua tirng cip cuc va thuc hién cic mdi han dong thdi. Dién
cuc cia mdy han diém dugc dit bén trong 6 cuc dugc ch€ tao tir ddng thau.
Trong céc & cuc ¢6 bd tri cac rinh nude 1am mat. Pién cuc dudc chétao tir ddng
dd c4n lanh hoic tir hdp kim dong — chrome — nickel.

3.4. HAN LAN (HAN MAY):
O han lin, hai chi ti€t han (tAm kim loai) dugc dit giita cdc dién cuc c6
dang hinh banh xe 1an (H.3.5).
? -220v T
e 0000

WE
1. May bién 4p 1 .
N
2. Bién cyc hinh banh xe 2%%/4
3. Co cdu truyén dong A N

4. Chi tiét han $
. N

1- May bién ap; 2- Dién cuc hinh banh xe; 3- Co céu truyén ddng; 4- Chi tiét han.
Hinh 3.5
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Mot trong hai bdnh xe d6 1a banh xe chl dong dugc ndi véi hé thdng co
ciu truyén dong quay. Vé nguyén tic, may han lin hoat dong nhu mdy han
di€m. P€ thuc hién cic mdi han lién tuc ki€u may cé thé diéu khi€n dong dién
qua di€n cyc nhu sau:

1. Pién cyc chuyén dong lién tuc nhung dong dién truyén qua theo chu ky phu
thudc vao doan dudng, thdi gian va khodng cdch giita cdc mdi han.

2. Dién cuc lan khong li€n tuc va dong di€n dua qua cling khong lién tuc.

3. Dién cuc lin lién tuc va dong dién dua qua dién cyc ciing lién tuc. P6i vé6i
loai nay chi han cdc tim kim loai c¢6 bé day téng cong nhd hon 1,5mm.
Thong dung nhat 12 ché& d6 lin lién tuc va dong dién dua qua theo chu ky.
Mady han lin dat hiéu qua cao trong cdc trudng hgp han 6ng kim loai.

3.5. TRANG BIPIEN MAY HAN TIEP XUC:

Tuy thudc vao dang ngudn dién cung cAp, may han ti€p xtc cé thé chia
thanh:

1. M4y mot pha tan s6 cong nghiép hoic tan s& gidm thap.

™

M4y mdt chiéu véi dong dién chinh lvu bén thit cap.

(98]

M4y ba pha tan sd thiap vSi bo bi€n ddi thyristors.
4. May dang tich lu§ ndng lugng (dung tu di€n).

M4y mdt chiéu c6 nhiéu vu di€m trong viéc han kim loai mau nhu: han
nhom tAm hodc hgp kim nhom day, titan, thép chiu nhiét va thép khong ri.

St dung m4y mot chiéu trong han lin cho phép ting toc dd han vdi chat
lugng han rat t6t. Khi han nhiéu dién cuc dong thdi chi can s& dung 1 ngudn
dién.

May tich lu§ ning lugng ding trong viéc han cdc tim kim loai mém, mdng.

Phin dién dong luc trong may han ti€p xtic cAn ddm bdo sinh ra dong dién
tr 2 d&€n 10 KA, tir ngudn dién 380V hoidc 220V & cong sut tir vai chuc tdi vai
tram KVA.

J mdy han mot pha xoay chiéu " [BK1-5
(H.3.6), may bié€n 4p han 3 dugc dong o ’
vao nguodn dién xoay chiéu qua ciu dao 7 -1

N A 2 N 2 A T
1 va cau chay 2 dudc di€u chinh cong C oy

sudt qua cong tic xoay 4. Hé thong cap

dién dong lvc dugc dong cit nhd tiép I—WL

di€m 5 (hoic SCR). Thdi di€m déng — N
cit dugc didu khi€n bdi bd didu khién 4
1- Cau dao; 2- Cau chi; 3- Cudn day so cép;
4- B4 phan didu chinh djén 4p; 5- Contactor;

6- Didu khién déng ngit mach didn so cép.
Hinh 3.6
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6. Trong cic xi nghi€p cdng nghi€p,
mdy mdt pha thudng gy ra phién phifc.

Khi phu t4i 16n c6 thé giy ra léch pha 1u6i dién. Nhat 1a khi mdy 1am viéc & ché&
dd ngin han lip lai c6 thé giy ra sy bi€n ddi thudng xuyén trong 1u6i dién, dnh
hudng xau t6i cdc thi€t bi dung dién khac.

Hé s6 cong sudt cosp clia mdy han ti€p xic l1a vao khodng tir 0,5 dén 0,6.
Pé€ nang cao cic chi tiéu ning lugng clda mdy han mot pha (gidm cong suit tiéu
thu, tdng cosQ ...). 0] cung mot gia tri dong dién va kich thudc cia mach vong thi
cAp, cAn phai gidm tin sd cda dién 4p thit cAp mdy bi€n 4p han.

0] mdy han mot chiéu (mdy ba pha c6 chinh luu dong dién & mach thi
cap) (H.3.7). Cudn diy so cAp cia may bién 4p 3 pha dugc dau theo tam giéc,
con cudn day thit cdp dude ddu theo hinh sao qua cic diode Dy, D,, D;.

Diéu khi€n déng — cit mdy bi€n 4p va diéu chinh dong dién nhd cic cuc
mdi (IGNITOR) 1,, I, I5. (hodc nhd cic thyristor) mic ndi ti€p vSi cdc cudn day
so cap. Khi d6ng ngit tifc thdi dong dién i; qua thyristor T; va cudn day thi nhat
cia mdy bi€n 4p ba pha trong thdi gian bing 27/3 va khi dién 4p titc thdi ctia pha
tht nhat con dang 16n hon so véi dién 4p & 2 pha con lai, dong dién khong chdy
qua hai pha con lai. O 1/3 chu ky ti€p theo dong dién chi chay qua thyristor T, ...
Su chuyén ti€p dong dién tir pha nay sang pha kia x4y ra tai thdi di€m cit nhau
clia cdc ban ky duong & cdc pha kia x3y ra tai thdi di€m cit nhau clia cdc ban ky
duong & cic pha (di€m P, Q, R trong H.3.7).

0.0.0.4
o IDAXPAX

Ue
U, Uss | Upe | A
fca

c)
X XX
U, q)BC (I)&;A (DAB
== d) :’3(:\?:? -
i Usb ch ca
2
2 " S~ |

Hinh 3.7
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Dong dién trong mach thit cAp s€ c¢6 dang nhu dugc mod td & (H.3.7d) va
c6 thé dugc biéu dién gan diing theo cong thifc:

b= (Us/Ry) (1- ¢ (3.2)
v6i: U, — dién 4p chinh luu thit cap, (V)
R, — dién trd mach vong thit cap, (Q)
T =L, /R, - hiing s6 thdi gian tuong duong.
L, — tt cAm clia mach vong thit cap (H).

M4y han ti€p xtic dang nay c6 nhitng wu di€m nhu sau: phan bd pha déu §
bén mach so cAp. C6 kha ning diéu chinh hinh dang va d dai xung dong dién
rong. Cong suit tiéu thu it hon so véi may mot pha. Pic biét khi dung dé han
kim loai mau né uu viét hon han so véi may mot pha.

DPé dim bao ning suit va chat lugng mai han can phii xdc dinh thdi gian
han cho tirng chu trinh han. Piéu nay c¢6 thé ddm bio dugc nhd hé thong diéu
khi€n déng cit clia mdy.

Mot trong cdc phan ti diéu khién 12 aptomat c6 cong dung nhu mdt bd
cong tic ngit co khi. Ngoii ra trong mdy han ti€p xic con cé thé bd tri cic
contact dién tir khong ddng bo hodc dong bo.

B cong tic ngit co khi bao gdm céc ti€p diém tinh va dong gin & mach
so cAp & may bi€n 4p. Truyén dong cd khi cla bo ti€p di€m nay cé lién quan
tryc ti€p dén hé thong tao luc ép 1én céc chi tiét han.

Ti€p di€m contact khong dong bd st dung trong mdy han ti€p xic thudng
c6 tudi tho ti€p di€m thap, vi phdi déng ngit dong dién han & bat ky thdi diém
nao trong chu ky bi€n thién hinh sin cia né. P khic phuc nhudgc di€m trén cé
thé ding bo ti€p di€m dong bd. Ti€p di€m nay ddm bio ngit déng dién tai thdi
di€m né di qua tri s6 zero. Nhd dé ti€p di€m cé tudi tho cao hon. (H.3.8)

~ B
0 220V 2 ?
| S .

CD,
o000 K
ba, e ——

I—

T
ba,
l ~220V ]L

Hinh 3.8 Hinh 39

Ti€p di€m K déng — ngit mdy bi€n 4p (ba,) dugc thi€t k€ v4i hai cudn
day CD,; va CD,. Cudn day phu CD, dugc mic vao mach thi cAp cda bié€n 4p
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(ba,). Sau khi ngit dong dién qua cudn diy chinh CD; nhung nhd cudn diy phu
CD; ti€p diém K vin dugc giit § trang thdi déng cho dén khi dong dién di qua tri
s6 zero.

Piéu khién déng ngit ti€p di€m trong mach so cAp clia mdy bi€n 4p con
c6 thé dung cic loai role thdi gian (dién t¥, cd khi, dién tir).

Hinh 3.9 trinh bay so d6 nguyén ly clia rdle thdi gian ding mach phéng —
nap tu di€n.

Khi déng khéa K, tu dién C dudc nao dién tdi gia tri ciia ngudn Eg. Khi
md khod K, tu dién C phdong dién qua dién tr§ R, va cuc phat E cta tranzito Tr;.

Pién th€ trén di€m A ting din, dong dién qua cuc phat clia tranzito Tr,
tdng. Sau mdt thdi gian dong di€én nay sé€ dat dudc gid tri lam cho role R tac
dong, n6 déng hé thong ti€p di€m clia minh.

Thai gian tri hodn phu thudc vao tri s6 cia C va R,.

Ciing dya trén nguyén tic phéng nap tu dién, (H.3.10) trinh bay sd dd bo
tri hodn thdi gian dung UJT.

4

T gl
11

Hinh 3.10

Khi d6i n6i A déng & vi tri cung cip dién cho may bién 4dp tu ngiu AT.
Dién 4p can thi€t xudt hién giita di€m 2 va 3. Tu dién C, dudc nap qua diod D,
lam cho dién th€ clia di€m 4 cao hon so véi di€m 3. Trong mach cia rdle R sé
chdy mot dong dién c6 tri s6 nhd, chua di dé€ R tic dong. Lic nay tu dién C,
ting dan kéo theo dién thé & di€m 6 ting 1én. Khi dién thé & diém 6 duong hon
so V@i cuc phdt E cia UJT, mach vong D,EB|R s€ thong lam cho tu C; phdng
qua UJT va cudn day clia role R, R tdc dong 1am déng ti€p di€m R & mach cip
dién cho ti€p diém C.
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Trong mach (H.3.11), dién trd Rs va diot Zenel D, dugc dung dé dinh mifc
dién 4p cung cip cho tranzito mot ti€p gidp UJT. Cic dién tr§ R, R, va tu dién
C, tao thanh mach dinh thdi. Pién 4p trén tu C,; ting dAn d€n mifc kich dan UJT,
dong dién qua R, tao xung duong kich mé SCR nhd d6 cudn day cda role R ¢6
dién, role R tdc dong. Trong mach nay, d€ lip lai chu trinh thao tic cAn phai b
sung thém mach ngidt SCR.

So dd trong (H.3.12) dua ra nguyén ly 1am tré diing tranzito.

Ry

..L{ -1 ¢ Ry Ry
X3

Hinh 3.12

0 didy nguon aien xoay cnhieu dugc cung cap cno may pien ap giam ap vi
sai dung d€ c4p dién thé& can thi€t cho bo chinh lvu toan séng gom céc diot D, va
D,. Khi khéa K & vi tri 1, tu dién C, dudc nap dén tri sd cla dién 4p ngudn. Khi
chuyén khéa K sang vi trf 2, tu dién C, phéng dién qua mach song song R, ,R;
,R4 va R, , ti€p gidp B - E clia tranzito, Rs. Thdi gian phéng dién cia tu C, quyét
dinh bdi dién trd tuong duong ctia mach song song va gia tri dién dung cia tu
dién. Dong dién phéng qua ti€p gidp B - E tao nén dong dién gép I, ban dau kh4
16n 1am cho relay R tic dong. Sau d6 dién 4p trén tu C, gidm din, lam cho I;
ciing gidm dan, khi I, nhdé hon gid tri dong dién nh3 I, clia rdle R, role nh3 ra,
cic ti€p di€m cida né trd vé trang thii ban dau.

Thdi gian giit role & trang thai tic dong c6 thé diéu chinh trong khodng tir
1 d€n 100 gidy nhd cédc bi€n trd R; va Ry.
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CHUONG 4

CAC THIET BI POT NONG
BANG CAM UNG VA PIEN MOI

41. COSG VATLY - KY THUAT CUA POT NONG BANG CAM UNG:

b6t néng mot vat din dién nhd cdm tng dugc thuc hién dua trén co s&
lam hap thu bén trong vat d6 ning luong dién tir xoay chiéu. Khi d6 bén trong
vat din dién sé cdm ng c4dc dong dién Foucaults. Chiing d6t néng vat din theo
luat Jun.

/2 /3
1- Cudn day kich tu 4
2,3- Vat thé dét néng
4- TU trudng o
5- Khe hd khéng khi & * ?

Hinh 4.1

Tu trudng xoay chiéu dugc cung cAp bdi cudn day (H.4.1). Pdi véi vat thé
dugc dot néng, cudn day ndy dong vai tro nhu 12 cudn day so cap clia mot MBA
trong d6 vat thé d6t néng dugc xem nhu 13 cudn day thi cAp ndi ngin mach.

Tir thong xoay chiéu ® do cudn diy sinh ra ty 1& thuin véi sic tir dong va
ty 1& nghich vdi tir trd ctia hé thong. Khi d6 bén trong vat thé s& cdm tng sdd E.

E=444.f W. D (V) 4.1
Trong d6: - f1a tin sd cla dién 4p dit 1én cudn day (Hz)
- W la s6 vong day.
O gid tri xdc dinh cla dién trd vat din, bén trong né s& xudt hién céc
dong dién Foucaults I, chiing sinh ra cdng suat nhiét.
P=0I’r=E’r/Z* (4.2)
Nhu vay, vé€ ban chit ddt néng cdm dng ciing twong ty nhu ddt néng dién
tr8. Thay vi mic vat dan dién tryc ti€p vao mach dién thi § diy 1a do mdi lién hé
dién o,
So vé6i d6t néng bing dién trd, d6t néng cdm ng c6 cic wu diém sau day:
1. T6c do d6t néng cao hon va nhiét do, ty 1€ véi cong suit dua vao khong bi
han ché& cé thé dat t6i gia tri lam néng chay kim loai va c6 thé€ tao ra
plasma.
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2. D& dang diéu khién cdc ch& @6 sinh nhiét thich ¢ng ddi v6i nhiéu qua trinh
cong nghé khic nhau.

3. Dé dang thyc hién § moi trang thdi hd hoic kin, trong moi trudng khi
bdo vé& va trong chdn khong.

4. Pic diém quan trong cia d6t néng cadm wng 1a kha ning diéu chinh
viing phan bd cia dong dién Foucaults bén trong vat thé tuy thudc vao
tan s6 clia ngudn kich tir. P thdm siu cla tir trudng vao trong vat thé
ty 1& nghich vdi tan s6.

5. Hiéu qua truyén ning lugng tir trudng phu thudc vao khe hd khong khi
§ gitta cudn day va vat thé.

6. Ciing giéng nhu & dot néng dién tr§, dot néng cdm ¢ng cho ning suit
lam viéc cao, ddm bao diéu kién lao dong vé sinh va an toan.

Cudn day kich tir ¢6 hinh dang rit da dang : hinh 6ng, hinh vudng, hinh
mit phang ... Dang hinh 6ng dugc st dung thong dung hon c. Khi c6 dong dién
xoay chiéu chdy trong day din cda mot cudn day hinh dng, cudng do tir trudng H
xudt hién trong 1ong dng day c6 dang déu. Suit ning lugng qua ti€t dién 6ng c6
thé dudc bi€u dién bing cong thifc:

P,=79.10" IW)* f (xD* / 4) (4.3)

Trong d6 f 1a tin s6 (Hz), nD* / 4 1a i€t dién dng day, IW 1a sic tir dong
cudn day (A vong).

Cong suat trong 10ng dng day 1a cong suat thuan khing.

T6n hao cong suat trén 1 mét chiéu dai dng diy nhu sau:

Pi, , =6,2.10°(IW ), Dy/p.f Fi/K,d (4.4)
Pig, , =6,2.10°(IW)2,D/p.f Gi /K,d (4.5)

J day D Ia dudng kinh 6ng day, p — dién trd suit vat lieu lam 6ng day, Fi,
Gi — cdc gi4 tri dic trung clia ham Bessel cho dudi dang dd thi trong céc s6 tay
todn, Kis — hé s6 14p day 6ng day.

Tén hao cdng suit trong khe hd & giita cudn day va vat dian phu thudc vao
hinh dang cda vat thé. N&u trong 1ong 6ng day dit mot vat thé din dién hinh truy,
khi @6 t&n hao trong khe hd & sé& Ia:

P, =6,2.107° (IW);, fd[(D/d)* -1] (4.6)
V6i d 1a dudng kinh cla vat d6t néng.

Ning lugng truyén vao vat th€ d6t néng duge x4c dinh gian ding thong
qua cong suat nhiét trén 1 mét chiéu dai.

P, =62.10"°(IW)?,d/p.u.fF, (4.7)
Pgy, =6,2.10°(IW)?d/pu. TG, (4.8)
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Trong cac cong thic (4.4), (4.5), (4.6), (4.7), (4.8) cac ky hiéu c6 chit q chi
cong suit phan khang. p 13 tir tham.

(IW), o — stic tir ddng trén 1 mét chiéu dai 6ng day.
Fp , Gy — céc dai lugng ddc trung ciia ham Bessel.

Hiéu suit 6ng day:

n=1/1+Pi,/P,) (4.9)

Hiéu suat tdi da 12 vao khodng 0,7 d&€n 0,88. Hiéu suit ty 1& thuin vdi tan
s0, tuy nhién & mot gidi han xdc dinh ndo d6 clia tin s, hiéu sui't s& khong thay
dsi.

Hé s6 cong suit:

Pqg,, + P&, , + Pig, )
COS¢ :1/ 1+ ( ql,O &110 - q1’0)
P, +Pi,

(4.10)

T cong thite (4.10) thdy ring, khi khe hd cang 16n, din d€n cong suit
phan khiang Ps; o cang 16n va tir d6 cose nhan dudc cang thap. Bén trong vat thé
dot néng, tir trudng xoay chiéu c6 xu hudng chdng lai cdc dong dién cim iing
Foucaults va ddy chiing ra bé mit bén ngoai clia vat thé. Vi vdy dot néng cdm
ttng v€ ban chit 13 d6t néng bé miit.

Bén trong 16p kim loai c6 bé day A tinh tir b mit ngoai thudng hap thu
khodng 86,4% ning lugng truyén qua tir cudn day.

A=503\p/(u-T) (4.11)

Tur cong thitc (4.11) suy ra ring A ting 1én khi p ting va A gidm khi tn
s6 f ting. P61 vdi cdc vat liéu dan tr, khi nhiét d6 ting s€ lam cho dién trd suit
p ting va khi nhiét do dat tS1 di€m curie thi gia tri cia do tu thdm p tir 50 dén
100 sé& gidm xudng con ¢ 1, vi vy A sé ting 1én mot cdch dot ngdt dan dén
cong suat hap thu gidm xudng.

Cudn day kich tr thudng c6 dang hinh &ng solenoid. Gid tri dién dp trén
mot vong diy c6 thé nim trong mot pham vi khd rong tir 20 — 175V dén 400 —
600V, thim chi 1én d€n 1000V. dong dién cudn diy dao dong ti vai trim dén
vai ngan ampéres. Mat do dong dién trung binh 1a vao khoang 20 A/mm>.

Tén hao ning lugng c6 thé chi€m khodng 20 — 30% cong suit tiéu thu clia
thi€t bi. Cudn day kich tir ¢6 thé dugc 1am mat bing cdc bién phip cudng bitc.
Vat thé dugc dot néng c6 thé & cdc trang thai rin, 16ng hoic plasma.
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Phuong phip dot néng bing cdm ng c6 thé ¥ng dung trong cic qué trinh
cong nghé nhu niu chdy kim loai, t6i bé mit kim loai, x&¥ 1y hod nhiét, han, lam
sach tirng phan (cuc bo) kim loai hoic chit ban din, thu nhan don tinh thé tir cic
oxyde khé néng chdy va kich thich d€ c6 thé tao ra plasma.

4.2. CAC THIET BINAU CHAY BANG CAM UNG:

Theo dic di€m k&t ciu, cic thi€t bi ndu chdy kim loai ¢ thé chia ra thanh
hai loai: dang ranh va dang ndi.

Tu cdc 10 nau kim loai biing cdm ¢ng c6 th€ nhan dugc cdc vat liéu kim
loai va ban din c6 do tinh khi€t cao, cdc hop kim véi nén tang 13 cic vat liéu
khé6 néng chdy va chiu lra.

1. Lo nau chdy cam itng dang ranh:

Trong cac 10 nay, ranh chua 0,
kim loai néng chdy dugc xem nhu rlri———— —— \
cudn day thd cAp ngidn mach cla Nty

mot may bi€n 4p. Trong d6 hap thu !
tr 90 —95% ndng lugng dién dua
vao trong 10 (H.4.2)

- - - - ——— -

N e e T o i s 4

G s o e e = -

D€ gidm gid tri tir thong tan, A~
cdc cudn diy W, va W, clia mdy a : -
bi€n 4p dugc dit chung trén cing
mot 16i cia mach tur. Hinh 42

Tl thong chinh @, di xuyén qua ranh kim loai s€ lam cam tng trong d6 sic dién
dong E, sinh ra dong dién I,. Dong dién I, chay qua kim loai bén trong ranh va
sinh nhiét theo luat Joule.
Tu thong tin Dg chi€m khoédng tir 25 — 30% gid tri clia tif thong chinh @,
Vi vay: K.E,<E; (4.12)
Vi K 1a hé s6 bi€n dp. Trong céc 10 ndu kim loai dang ranh, khi rinh kim
loai chinh 1a W, =1 cho nén

K:WI/WZ :W1 (413)

Hinh 4.3
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So db thay thé& va dé thi vecto cda 10 cdm ¢ng dang rinh dugc trinh bay
trong (H.4.3a,b). Chiing tuong tu nhu sd d6 thay th& va dd thi vectd cia may bién
4p dang hoat dong & ché& do ngdn mach.

T sd d6 thay thé€ c6 thé viét:

E,=1,{R2+X2=1,Z", (4.14)

0] day E’; la sic dién dong cdm Gng trong ranh (V), I’, — dong dién chay
trong rinh (A), R’, va X’, 1a dién trd va dién khing thi cAp quy ddi theo s6
vong day so cap, Wy, Z’, — tdng trd quy d6i (Q).

Khi dién 4p Ul c6 dang bi€n thién theo luit hinh sin, hé s6 cong suit
cos ¢ cda 10 dang ranh 12 khodng tir 0,5 d&€n 0,7.

Dong dién I, chdy trong ranh kim loai thudng c6 gid tri 16n, nén khi tic
dong twong hd véi tir trudng sé sinh ra lyc dién dong. Luc theo chiéu huéngkinh
so vGi dong chay kim loai giy ra dp luc 16n 1é€n thanh cta ranh. Luc doc theo
chiéu dai ctia rinh giy ra su chuyén dong ctia kim loai néng chdy. Piéu nay tao
ra khd ning loai trit sy dot néng cuc bd kim loai bén trong rinh va lam ting
cong sudt cim ng.

C4c 10 nau kim loai cAm ng thudng c6 hiéu suat khd cao tr 60 — 90%.

Vé phuong dién két ciu c6 thé chia ra 1am 2 loai 10 ndu kim loai cdm tng
dang ranh: 10 mdt ranh va 10 hai ranh (H.4.4)

1. Lép 16t; 2. Ranh lam mat cudn day bang H20;
3. Mach tir; 4. Cudn day kich tu.
Hinh 4.4.
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Dudi day 1a mot vai thong s6 clia 10 nadu dong va hgp kim dong, kém,
nhom, gang.

Bang 4.1
Kimloai | Dungtich | Céng suat Ning suit DPién niing tiéu thu
nau (tan) (KVA) tan/h kw/tan.

Péng 16 30 10 270 - 330
Thau 16 30 13-15 190 - 210
Kém 100 - 30 95-110
Nhom 0,17 -40 - 0,75-10 360 — 500
Gang 250 4400 10 30 - 100

2. Lo niu chdy cidm @ng dang noi:

0 day kim loai dudc dot néng téi nhiét dd néng chdy tir trudng xoay chiéu
do cudn day 1 sinh ra. Khi di qua kim loai, tif trudng xoay chiéu s& 1am cdm tng
bén trong d6 cac dong di€n Foucaults (H.4.5).

Trong cédc 10 cdm ng dang ndi c6 thé nhan dudc cac kim loai va hdp kim
c6 @06 tinh khi€t cao theo tinh chi't hod hoc ctia chiing. C6 thé nhan dugc cic kim
loai chat luong cao vi cé thé niu ching trong cdc mdi trudng trung tinh va chin
khong.

C4c 10 cdm tng dang ndi dudc ché€ tao c¢é dung tich khic nhau.

Vi du: d€ ndu thép c6 thé diung cic ndi 0,06 — 6 tin, cong suit dao dong
tr 90 d&€n 2230KW. Tan s6 2400 — 500 Hz. Niing suat 0,132 — 3,5 T.

4.3. LO NUNG CAM UNG:

Lo nung cam tng dugc st dung rong rdi trong cac qua trinh cong nghé
khdc nhau nhv trong chétao mdy, gia cong cd khi go, rén, han ... va trong cic
nganh cong nghiép khac. C6 2 dang chd y€u: nung xuyén sudt va nung bé mit.

Lo nug xuyén sudt dung dé
nung cic ban thanh phim trong cic il

cong doan lam bién dang nhu ren, §§g g o, VR
dﬁp, H- :;E::: :_ + 1
% 2z pe :E- - : . : 2
Sao v6i cac dang nung khédc MlZE -
nhu nung Ia, nung bing dién tré ... HA:F g | A" 3
nung bing cdm @ng it gdy hu hao W17 i ey HOL-4
san pham. 777,77,
1. Cudn day, 2. Dong Foucaults ,
3. Mach tir
Hinh 4.5
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Tuy theo vat liéu va kich thudc chi ti€t, thi€t bi cdm ¥ng ¢ thé c6 tin s&
tir 50 d&€n 10.000 HZ.

D6i v6i cdc thi€t bi nung xuyén sudt nén lya chon tin sd sao cho nhiét
ning sinh ra tir mot 16p chi€m phan 16n ti€t dién clia chi ti&t.

Su d6t néng dugc thuc hién & 6 sau tuong ng véi diéu kién:

r,=v2/A=3+5 (4.16)
O day: ro — ban kinh chi tiét
A - d6 siu clia dong dién cdm ng bén trong chi ti€t nung.

Tan s& cin thi€t d6i v6i viéc nung xuyén sudt chi ti€t bing thép c6 dang
hinh tru dudc dinh huéng:

f=3.10"/do* (4.17)
v6i  dy— dudng kinh chi ti€t (cm)

Theo ch& @6 1am viéc c6 thé phan chia thanh 10 nung xuyén sudt hoat
dong theo chu ky va lién tuc.

DP6i v6i vat lidu tir tinh cong suit tiéu thu thay ddi nhu sau: & thdi gian
nung ldc ban ddu cin ting cong suit, sau khi nhiét d6 dat t6i di€ém Curie thi
gidm cong suit xuéng con 60 — 70% so véi cong sudt ban dau. Pdi véi kim loai
mau thi cdng suit vé sau phdi ting l1&én vi dién trd suit cda vat liéu ting 1én khi
nhi€t do tang.

Trong cic thi€t bi nung lién tuc c6 thé nung cling mot lic nhiéu chi tiét
bing tr trudng doc hoic ngang (H.4.6). Trong trudng hop nay céc chi ti€t nung
duogc dit doc theo chiéu dai clia cudn day kich tir.

C4c thi€t bi nung lién tuc c6 hiéu suit cao, cong suat dugc st dung tron
ven, ning suit cao, k€t cAu cudn day phu thudc vao hinh diang va kich thuéc clia
chi ti€t nung. Cudn day kich tir c6 thé c6 dang ti€t dién tron, dvan, hinh chit nhat
hodc hinh vudng.

{ 2 3
- Z
L
DDSDDODDDDDD B 54
1"' L L L R L L L Rl

rreraas L

(000000000000 )

Cubn day kich tu

1
: i ﬂ, ﬁ“‘ g T”' § z 2- Chi tiét nung

) © a4, & ) ! 3- Ong 16t phi t tinh
X L [’ \@C_ s l\_ (N 4- Co céu truyén déng
A\ \ 5- Mach tu

Hinh 4.6
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Nung bé mit chi ti€t bing cdm tng Foucaults phan b3 khong dong déu
bén trong chi ti€t nung. Mat d6 dong dién phan 16n sé tap trung & bé mit ngoai
clia chi ti€t. Sy ting dan clia mat do dong dién tir trung tAm chi ti€t ra bén ngoai
dugc bi€u dién theo luat ham s6 mil.

z/IA

I, = Jee ™ (4.18)

Vi Jx — trung binh binh phuong cia mat do dong dién trén khodng cach x
tinh tir bé mit chi tiét.

J, — trung binh binh phuong clia mat d6 dong dién trén bé mit chi tiét.

A — @6 thadm siu tinh tir bé mit chi ti€t theo huéng kinnh ma & d6 mat do
dong dién gidm di e 1an so véi & bé mit.

Tu sy 1y gidi & trén thay riing & tin sd cao c6 thé nhan dudc su tap trung
cao mat d6 dong dién trén bé mit chi tiét.

Céc thi€t bi nung bé mit dudc ¥ng dung trong cic cdng nghé xit 1y nhiét
hod chi ti€t nhu: tdi, nitd hod, ho4 cting bé mit sin pham.

Quad trinh t6i bé mit chi ti€t dugc thuc hién trude hét 13 nung néng bé mit
chi ti€t, sau d6 lam ngudi di mot cach nhanh chéng trong moi trudng khong khi,
trong nuSc hoic trong dau. Nhd d6 bé mit chi ti€t c6 dd citng rit cao, bén chic
va chiu dudc sy mai mon.

Nung néng bé mit chi ti€t bing phuong phdp cdm ng cho phép gidm
ddng k€& chi ti€t vé ning luong.

1. Cudn day kich tlr, 2. Chi ti€t nung, 3. B&8 mat nung.
Hinh 4.7

Hinh 4.7 trinh bay sy b6 tri cudn day kich tir phu thudc vao hinh dang bé
mit chi ti€t nung.

Cong sudt tich cu'c ma thi€t bi cAm tng nhan dugc tir ngudn dudgc xdc dinh
bdi ty so giita cong suat hitu ich ding d€ d6t néng chi ti€t va hiéu sut chung clia
hé thdng.
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P,=Pw/M=Py/(Mea-MNt-Ma-Nn) (4.19)

Trong (4.19), Neg - M - Na - N tUOng tng 12 hiéu suit cia cudn day kich tir,
clia tu dién, clia dudng day va cda ngudn cung cap.

Cong suat hitu ich dugc bi€u dién bing bi€u thifc:
Ph=CT(TCT—TO)g.n/t (420)

V6i Cr — 1a ty nhiét clia vat nung trong khodng nhiét do tr T, dén Ter
(J/kg.°K).

Ter , To — nhiét dd cda chi ti€t trude va sau khi nung (°K).
g — khdéi lugng clia chi ti€t (kg), n — s6 lugng chi tiét, t — thdi gian nung.
Tan s6 t6i uu fy; d€ nung chi ti€t § d6 thaAm siu ciia dong dién Foucaults

tr bé miit chi ti€t cho trudc Ay .

fu=p/(mp Ay (4.21)
& day: p - dién trd suat cda chi ti€t nung Qm.
W - tif thAm ctda vat liéu chi ti€t nung (H/m)
D41 v6i vat nung bing thép khi u =1 thi:
fe=4. ANy) (4.22)

Chi ti€t nung c6 dién trd suit cang cao thi hiéu suat dat dudc cang 16n, vi
du khi nung thép, hiéu suit ¢ thé dat tSi n = 0,7 - 0,9, con khi nung kim loai
maun <0,5.

44. COSG VAT LY CUA POT NONG PIEN MOI:

Cd sd vat ly ctia dot néng dién moi 1a do cdc dong dién (dong dién
chuyén dich va dong dién din) chdy qua chit cdch dién hoic ban din khi dit
chiing vao trong mot dién trudng xoay chiéu tan s cao.

Uu di€m ctia phuong phédp nay so v6i cac phuong phap dot néng dién moi
12 hiéu quéd nhat, bdi vi toan bd ning lugng hip thu & trong long vat thé déu
dudc chuyén ho4a thanh nhiét.

Tuy theo dic di€m cong nghé, thi€t bi d6t néng dién moi tan s6 cao c6
thé dugc chia ra lam 3 loai:

C4c thi€t bi loai 1: dugc st dung trong cong nghé xit ly nhiét cdc sdn
phdm c6 kich thu6c 16n va khi cAn dot néng nhanh chéng : siy sdi bong, len, siy
gd va céc san pham lam tir gd, nung cdc san pham cich dién, sit, gdm, han cic
chi ti€t bing nhya va polyme.
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Céc thiét bi loai 2: dudc st dung dé€ sy kho cdc sadn pham dang tAm, bing
nhu vai sdi, tranh dnh, gidy, phim nhya, cdc ch€ phim héa dudc, cdc sin phaim
cao su.

Céc thi€t bi loai 3: § diy qud trinh d6t n6ng khong nhat thi€t phai nhanh
va déu, vi du lam tan cdc sdn phim déng bing, nung cic sin pham tir gdm tho,
sdy tra, dau ...

Viéc tng dung cidc phuong phdp sy cao cAp cho phép ning cao chat
lugng sdn pham, ddy nhanh qua trinh cdng nghé va dat hiéu qua kinh t€ cao.

Khi cdc chat dién moi dugc dit trong dién trudng bén trong chiing x4y ra
su tuong tac gitta cdc phan tif c6 dién tich Am, k&t qua hinh thanh cdc mdi lién
két trai ddu (dugc goi la cdc phan ti ludng cuc). Trong mdt phan tf ludng cuc sd
lugng dién tich duong ludn bing sd lugng dién tich Am.

Tich s& gita dién tich phan t¥ va khodng cdch chuyén dong dugc goi 1a
moment ludng cuc, m =g /1.

M&i lién hé gitta moment ludng cuc va cudng dd dién trudng E dudc biéu
dién qua cong thic:

m=a.E (4.23)
v6i o 1a dd bién dang dan hdi clia phan ti¥, o con dugc goi 1a do phan cuc.
C6 thé phan biét cac hinh thic phan cuc nhu sau:

Su phan cuc dién ti:

Hinh 4.8

Nguyén ti vat chit dugc bi€u dién biing su chuyén dong clia cic electrons
xung quanh hat nhan nguyén t. Du6i tic dong cia dién trudng E, nguyén ti c6
thé trd thanh cdc ludng cuc cdm ng vdi thdi gian dao dong riéng vao khodng
10" d@&n 107" sec. Trong thdi gian nay x4c lap sy phan cuc dién ti. Cd ché phan
cuc dién tir dugc biéu dién trong (H.4.8).

Su phan cuc hoa ion.

DPudc bi€u dién bing sy chuyén dong dan hdi cla cdc ion trong mang tinh
thé clia chat cach dién rin. Chu ky dao dong clia mang 1a vao khodng 10"* dén
10" sec. Thdi gian phan cuc hod ciing vao khodng dé.
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Su phan cuc hoa ion dinh huéng.

Trong cac chit dién moi, ban than cdc phan t di 1a ludng cuc, khong phu
thudc vao su ¢6 mit hay khdng cia dién trudng bén ngoai. Sy phan cuc trong
trudng hop nay dudc thé hién & sy sip x&p cac ludng cuc dudi tic dong cda dién
truong va dugce goi la sy phan cuc dinh huéng. Sy phan cyc dinh huéng cé tinh
dan hdi va sinh ra trong cdc chat dién moi dang rin va dang 18ng.

& 4 d

****** L3 Lt

E=0
Hinh 4.9

Su phan cuc dinh hu6ng khong chi ton tai trong diéu kién dién trudng mot
chiéu (H.4.9) ma ton tai cd & trong diéu kién dién trudng xoay chiéu. Trong
trudng hop thit hai, phuong clia sy phan cuc thay d6i theo tin s6 bién thién cia
dién trudng. Cic ludng cuc c6 tinh dan hoi sé bi rung va xoay dio theo chiéu
bi€n thién thuin nghich cla dién trudng. Ngoai ra dudi tic dong cia dién trudng
trong chit dién moi con xuat hién cdc dong dién tich (c6 nghia 1a dong dién).

Su phan cuc hod bién thién con gy ra ton hao ning lugng do sy co x4t
gitta cdc phan tf v6i nhau (t6n hao ma sat) va khi cdc phan ti ludng cuc bi xoay
d4o s& gdy ra thém tdn hao goi 1 t6n hao ludng cuc. Cic ton hao ké trén chuyén
ho4 thanh nhiét dot néng chit dién moi. Tdc d6 d6t néng phu thudc vao tin sd
ctia dién trudng.

Su chuyén dich dong dién trong chit dién mo6i bao gdm hai thanh phan :
dong dién chuyén dich:

[y =jocU (4.24)
va dong dién dan:
b =¢g.U (4.25)
Trong cac cong thuc (4.24) va (4.25) :
o 12 tin s6 goc
C, g tuong tng — dién dung va dién din cda chat dién moi
U la dién 4p dit 1én chat dién moi

Dong dién toan phan chdy qua chit dién mdi c¢6 dang:
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I=li+Ig=(g+joC)U (4.26)

Ty s6 trén dong dién din trén dong dién chuyén dich:
tgg, = Id / ch (427)
dudc goi 12 hé sd tdn that dién moi.

Pic trung cho chat dién moi con cé dai lugng goi 12 hé sd dién moi :
€ = €'— je”. Trong d6 phan thuc dic trung cho ty sd giita cdc gid tri dién dung
truSc va sau khi dit chit dién moi vao trong dién trudng. Con phin do0: €7 =
&’tgd, diic trung cho sy hp thu ning lugng dién trudng clia dién moi.

Céc chi s6 € va tgd phu thudc vao trang thai vat 1y cda vat chat (d6 Am,
nhiét do) va cd vao tan so cda dién trudng. (H.4.10) mo ta do thi quan hé giita ¢,
tgd va f.

Pai lugng tgd dat gid tri cuc dai tai tAn s f, dudc goi 1a tan so tich thodt.
Tan s6 tich thodt 1a dai luong dic trung ddi vdi tirng loai vat liéu.
Cong sut ton hao trong dién mdi:
P=U.I.cos¢ ~ U.I.tgd = CU*tgd (4.28)
Trong (4.28): o =2nf— 13 tn sd gbc (rad/ s)
C — dién dung gitra 2 di€n cuc tao ra di€n trudng (F)
C=¢€¢g;.S/d :S—1a dién tich cua ban cuc (m)
d — khodng cach gitra hai ban cuc (m)
g0 = 8,85 . 10™"* (F/m) — 12 hiing s6 dién moi chan khong.
bién trudng E giira hai ban cuc ¢6 gia tri:
E=U/d (v/m) (4.29)
Cong suat tiéu hao trén mot don vi thé tich dién moi:
Py=5,56.10"".f.E* . &.1tgd (4.30)

Cong suat Py ngoai viéc dot néng chit dién moi con phdi lam boc hoi
% N 2 ~ 2 ~ 2 A A - s A . 2 A ~ T A
nudc va cic chat bim ban khac trén bé mat chi ti€t, chi phi cong suat cho viéc
dot néng.

P = C, . (AT /At /, 431) e
d day:
C, — 12 ty nhiét ciia vat liéu (J/g . °K)
y — 12 khdi lugng riéng cta vat liu (g/cm’)

(AT / At) — t6c do d6t néng ( "K/sec)

N — hiéu sudt d6t néng.

BO MON THIET BI PIEN 46



TRUGNG DAI HOC CONG NGHIEP TpHCM KHOA PIEN

Chi phi 1am bay hoi nudc va cic chit bam ban khéc trong vat liéu:
Py = (L /M) . (AM / At) (4.32)
Trong (4.32): L — tiéu chuin tao hoi nudc & nhiét d6 xac dinh (J/g)
AM / At — t6c @6 bdc hoi (g/em’. s)
Tu céc bi€u thifc tir (4.30) dén (4.32) cho phép rit ra két luan nhu sau:
cong suat tiéu thu trong chit dién mdi khi dit né vao trong mot dién trudng xoay

chiéu dudc xdc dinh bdi cdc dic trung dién moi cdia né nhu € va tgd va cdc thong
s6 clia dién trudng nhu E va f.

Cong suit tiéu thu khong phu thudc vao sy din nhiét cla vat liéu (d6 din
nhiét clia cdc chat dién moi thudng 13 thap). Pic di€m nay hinh thanh tinh vu
viét cila phuong phdp ddt néng so v6i mot vai phudng phap thong thudng khac.
4.5. THIET BI POT NONG PIEN MOTI:

Thi€t bi d6t néng dién moi dudc hia ra 1am hai loai: thi€t bi hoat dong &
tan s6 cao (f = 66KHz d&n 1000 MHz) va thi€t bi hoat dong & tan s siéu cao

(f=1000 MHz va cao hon). Viéc lya chon thong s6 ctia thi€t bi dudc xdc dinh bdi
hang loat tinh chdt vat ly cda vat liéu.

Mot trong cic diéu kién d€ ddm bio sy d6t néng déu khip trong toan bo
thé tich ctia vat liéu 12 1am ting 1én d6 thim siu clia séng dién tif trong bé day
ctia né.

Do thim siu (cm) dugc x4c dinh bang khadng cdch & d6 cudng dién
trudng y&u di e 1an so véi gid tri & trén bé mit cla vat liéu.

A=9,55.10" f Ve tgs (4.33)

Phin 16n cédc vat liéu dugc dot néng trong dién trudng clia tu di€u déu c6
cAu tric khong dong nhat. P6i vdi cdc vat liéu c6 ciu tric 16p ma & mdi 16p cé
hé s6 dién moi khac nhau c6 thé tinh gid tri trung binh ctia hé s& dién modi nhu
sau:

Khi di€n truong tic dong doc theo 16p:
gp = (g1.d1+ &,.dy)/(d;.dy) (4.34)
(d; . dy)- 12 bé day clia mdi 16p
Khi di€n truong tic dong ngang:
&b = (€1.8)(d1.dp)/(g1. di) (2. do) (4.35)
Khi s8 16p ting 1én, tuong tng & tif s6 v miu s& cla cdc bi€u thifc (4.34)
va (4.35) cong thém s6 hang tuong ¥ng.
Cudng do dién trudng E bén trong tu dién phu thudc vao sy dong nhat clia
vat thé cAn dot néng. (H.4.11)
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Hinh 4.11

Trudng hogp don gidn nhat 12 khi dit mot vat thé ddng nhat vio bén trong
ctia mot tu dién c6 dién cuc phfmg (H.4.11.a), trén d6 ta ddt mot dién ap U, ldc
nay di€n trudng s€ la:

E=U/d (4.36)

Va vat thé s& dugc d6t néng déu khip. Néu tu dién c6 dang hinh tru
(H.4.11b) thi dién trudng E tai mot di€m bat ky trong d6 sé& la:

E = U/[RIn (Ry/R)) ] (4.37)
V6i R — khodng céch tif tAm tron t6i di€m khdo sat.
Trong trudng hop, vat thé khong chodn hét toan bo thé tich cla tu dién
phing (H.4.11c), dién trudng dudc tinh nhu sau:

E =U/(d+¢eds) (4.38)

Es = €¢E (4.39)
Ddi v6i tu dién dang hinh tru (H.4.11d)

E = U/R[In (RYR)) + €1n (R3/Ry) (4.40)

Es = ¢E (4.41)

Trong cdc cong thitc dua ra & trén € 12 hé sd dién moi tuong d6i clia mot
16p vat liéu cho trudc hodc 1a gid tri trung binh clia hé s6 dién mdi tuong d6i clia
nhiéu 16p vat liéu.

bién trudng cho phép trong cic khe hd khong khi ds trong chat dién moi
dugc xdc dinh bdi gid tri dién trudng choc thing Ec; . Thong thudng Ec; cua
khong khi thdp hon so v6i Ec; clia cdc chat dién moi.

Theo kinh nghiém thuc t€ viéc say kho vat thé dién moi ludn kém theo sy
boc hoi nude, vi vay dién trudng khe hd khong khi khdong nén vugt qua gid tri
1,0-1,5 (KV/cm). Dién trudng cho phép trong vat thé dién moi c6 thé 14y gia tri
hai 1an nhd hon gi4 tri dién trudng ddnh thling cda vat liéu doi moi.

Eig = Eo /2 (4.42)

Viéc chon gid tri cho phép cda dién trudng cé thé gidp xdc dinh tin s6
lam viéc khi d6t n6ng dién moi.
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y.C.AO
gtgénttEczf
Trong (4.43) : vy — trong lugng riéng cda vat liéu dién moi (g/cm3)

C — ty nhiét cia n6 (j/g°K) A0 - do chénh léch nhiét do.

f =7,53.10% (4.43)

t — thdi gian d&t néng, 1, — hiéu sud't qud trinh ddt néng.
tgd — hé sd tdn that dién moi , € — hé sd dién moi cia vat lidu.
Trong céc thi€t bi d6t néng dién moi thudng cé : mat phit tin sd cao, hé
thong bdo vé va tao tin hiéu, hé thdng d6t néng.
SO dd nguyén 1y cta hé thdng d6t néng dién mdi dung dén 3 cuc dudc
trinh bay trong (H.4.12)
Tan s cda may phat c6 thé xdc dinh tir diéu kién cdng hudng ctia mach
dao dong khong c6 ton hao:

1/oC =w.l, (4.44)

f =1/(27 /L, C. (4.45)

-

- Cudn khang bao vé cho bd chinh luu khoi tan sé cao; D - Dén 3 cuc;
C. - Tu phan &p; Cq - Tu d8t néng; - L Cudn cam dao déng
Hinh 4.12.

1]

dién trd tuong dudng ctia mach khi tinh t&i tdn hao:

Rg = (l/a)Cd).(a).Ld IR) =L, /(Cd .R) (4.46)
trong (4.46): R — dién trd tai cia mach dao dong.
Cong suit thiét bi:

PV
T4
& day: Py — cong suat trén 1 don vi thé tich (W/cm3)

Vg — thé tich tu d6t (m?)

P, = (4.47)

Na — hiéu sudt mach dao dong.

So d6 nguyén 1y clia hé thdng tu ddt dung trong céc thi€t bi d6t néng va
sdy kho cdc san phdm c6 kich thuSc 16n va dang hat dugc mo ta trong (H.4.13).
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Hinh 4.13

Céc thiét bi d6t néng dién moi c6 thé chia ra thanh 3 nhém: thi€t bi diing
séng trung ( £ = 0,3 — 3.1 MHz); séng ngin ( f = 3 — 30 MHz); va s6ng métre
(f=30 — 300MHz).

Céc thi€t bi séng trung: Gng dung trong viéc dot néng cdc vat thé dién
mdi c6 hé sd ton hao dién moi 16n. Trong cic sdn pham loai d6 phdi ké dén cic
san phaAm Am uét c6 kich thuGc khong 16n 1dm. M4y phdt tin s trong trudng hdp
nay c¢6 hiéu sudt kha cao (0,5 — 0,6) cong suit 1én d€n hang trim KW, sy dot
néng dién ra & Py thap (0,01 — 1,0 W/cm?) vé6i thoi gian kéo dai (hang chuc gig).
DPién 4p dit1én tu d6t twong d6i cao (10 — 15KV).

Céc thi€t bi séng ngin: dugc 4p dung d6i vSi cac vat liéu cé hé s6 ton hao
dién moi loai trung binh, hiéu suat dat t6i 0,4 — 0,55. Cong suat may phat vao
khodng vai chuc KW, Py = 1 — 100w/cm?). Khi siy kho cdc sdn phim c6 boc hoi
nudc phai thuc hién trong thdi gian khodng mot vai gid. Pdi v6i cdc san phadm
khong bdc hdi nude dudi mot gid.

Céc thi€t bi séng métre: c6 hiéu suat tr 0,3 — 0,4. Pudc 4p dung d6i véi
cdc vat liéu c6 hé so tén hao thip Py = 0,1 — 3w/cm’. Thdi gian d6t néng khodng
mot vai gidy.

Ngoai ra con cé cédc thi€t bi hoat dong vé6i tin sd siéu cao. Pdi véi cic
thi€t bi dang nay dién trudng d6t néng c6 gid tri nhé nén gidm dudc nguy co
d4nh thing sin phaAm. Ching dugc 4p dung trong viéc sdy cdc vat liéu cé ciu
triic 16p, cdc ché€ pham y dugc.

4.6. NGUON PHAT TAN SO CAO:

Céc thi€t bi cong nghiép tan sd cao thudng dugc trang bi ngudn phat tan
s6 dang t& hdp dic biét. Nguyén tic chi y&u 1a bi€n ddi dong dién ba pha tAn sd
cong nghiép vé dang dong dién mdt pha tin sd cao.

1. B0 bién doi tan sd thiristor:

Trong so d6 (H.4.14), khSi nghich luu IV bi€n d6i dong dién chinh luu
thanh dong dién xoay chiéu mot pha tan s6 cao. Nguyén tic hoat dong & day dua
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trén sy déng m§ 1an lugt cda nghich luu. Tan s& dong dién nghich luu chinh bing
tan sO dong ngit cta cac thyristor Ty, T,, T3, T4. Khi T}, T,, m& dong dién di theo
mdt chiéu, T3, T4, mé dong dién di theo chiéu ngudc lai.

.

50Hz 380V
ol i Bant = BRI N
ARG
; A

£
o

___________

Hinh 4.14

O tAn s8 16n hon (50 + 5000 KHz) phai st dung bd bi€n tin dung den 3

cuc. (H.5.15).

____________

1- Kh&i c&p ngudn; 2- Khéi chinh luu; 3- Khé&i phét tan s& cao; 4- Kh&i phu tai;
Lp- Cudn khédng phén &p; Cp - Tu phan ap; C4, C2, Ca- Tu diédn mach dao déng va
mach ti: L, Lz, La - Céc cudn khéng lién lac va tai; D - Dén phat

Hinh 4.16

Vi DU TINH TOAN
Vi du 4.1

Mot mach dao dong dudc trang bi cho
viéc cAp nhiét bing cdm ¢ng c6 dién dp trén
hai diu 1a 12KV, tan s& dong dién 1a 480 KHz
va cong sudt 40 KW. Hiy xdc dinh:

1. Téng trd clia mach dao dong.
Gia tri dién tr§ tudng duong.
Gia tri cta tu C.

Gia tri cta ty cam L.

Rl el

=
|

[ ]

Hinh 4.1.1
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Bi€t hé s6 qui 4p: Q = ®L/R = 16 va mach hoat dong & tAn s& cong hudng.
Giai:

1. Téng trd clia mach dao dong.

EZ;Z joC
Z R+ joL
Hay: l: 1+ JoC(R+ jol)
Z R+ jolL
Tir d6: R . oL —wC(R? + L*w?)

= +
(1- @’LC)* + R°C?0*® . (1- @*’LC)* + R*C?0?

2. Dién trd tuong duong:

U 2
R, =—
td =
T do: 2
© Ry = w = 3600(2)
40000
D6 chinh 13 phan thyc clia tdng trd Z: Ry = R (Z)
Tir dé: R

R. —
“ (1-LCw?)?+R*C2w?
Va khi ¢6 cong hudng thi J (Z) = 0. Vi J (Z) 1a phan 4o cla tong trd.

Hay: oL —oC(R? + L’w?) =0 @
Ta ¢6 thé viét: L-C(R*+L*0®)=0 (1a)
Vi L(1+ »*LC) = R*C (1b)
. R — RL

T]I dO td R2C2(R2 + L20)2)
Va:

Rg = L

RC

3. Pién dung cia mach dao dong.

Ta c6 quan hé:

L oL Q
“ RC RCo «C
Vay: C= Q
Ry-@
Hay: C= 16 _=1474.10°(F)
3600.277.480.10
Hay:
C =1474(pF)
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4. Tu cam cua mach dao dong:
Khi c6ng hudng ta c6:
Lo - Co (R*+L*0%) =0

=74,31.10°(H)

Co= Q Q= oL
Ry R
2

Tu do: 1= Q .La).l+?

Ry Q
Va: | — ReQ _ 3600.16

o(1+Q%) 27.480.10°(1+16°)

Hay: L=74,3(uH)
Vi duy 4.2

TAng cudi ciing clia mot may phat cao tin trong thi€t bi han dng bingcdm

tng c6 mdt may bi€n 40 ma cudn day thit cAp cia né cung cip cho cudn cdm

lam viéc dong dién c6 tan s6 250 KHz.

1. Cudn cdm lam viéc c¢6 cong suat tich cuc 400 KW va hé s6 qud 4p:

Lo/R =6, hay xdc dinh tu caAm ctia né khi U= 1800 V.

2. Cong sudt clia mdy bi€n 4p 12 3MVA, hiy xdc dinh chiéu dai clia cudn
didy phu (xem hinh vé&) khi bi€t: L = 0,05uH/m va ki cong suat cia

cuon day lam viéc khong thay doi.

3. Né&u cudn day phu duge lam tr 10m day c6 L = 0,5uH/m hay xac dinh
cong suat phan khdng va dién dung cia tu dién khi cudn day dé dudc

dat &:
a. Ngay diu ra cia may phét cao tan.

b. Ngay trén 2 diu ctia cudn khang lam viéc.

Bié€t ring cong suat clia cuon khang 1am viéc 1a khong thay ddi.

Giai: L
07 I = 1333A

I=1333A l , J
L -~
: TC U L‘l C

L

1 GOD%I

a)

Hinh V.42
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1. Ty cam L, cda cudn cadm lam viéc:

U 2

Z,=—

Sy

Véi: U - dién 4p ngudn — 1800V
S| — cong suat bi€u ki€n cda cudn cadm.

Ta c6 thé tinh cong sudt S; khi cho ring cong suit niy biing cong suit

phén khang khi tinh t6i qua ap, tir d6:

Q, =400.6 = 2400K var

Suy ra: S, = 2400KVA
(1800)2
Vay: =——=1.5(Q
i 1~ 2400.10° (€2)

Ty cdm cudn cam lam viéc dugc tinh tir :
L, = Z, B 1,35

= 3 =8,59.1O_7(H)
o 27.250.10

Hay:
L, =0,86(uH)
2. Chiéu dai day cda cudn day phu:

Néu ta ddng nhit héa cong suit bi€u ki€n vdi cong suit phan khing cia
cudn day phu L,:

Q,=3-2,4=0,6M var
_

Ty cdm cudn day phu: oL, = 2

A A ~, A N A N A 2. <
Né€u cong sudt cuén cdm lam viéc la khong thay doi thi:

3
. _ [S. _ [2400.10 _133%(A)
Z, 135

0,6.10°

Va: = = 0,215.10°(H
4 2 27.250.10° (1333)? (H)
Hay: L, =0,215(uH)
Chiéu dai diy din diing &€ quan cudn day phu:
0,215
I, =——=43(m
* =008 (m)
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3. Cong suit phdn khing va dién dung ctia tu dién C.
Khi tu dién 6 ngay diu ra clia mdy phat cao tan (H.V.4.2a)
Cong suat phan khang cda tu dién dugc cho bdi bi€u thic :

Qc=Q-Qs
V6i: Q- cdng suit phdn khdng clia cd hai cudn day.

Qy - cong suat phan khang ciia mdy bi€n 4p — 3 Mvar

Ty cam cda cudn diy phu:

L,=10.0,05=0,5 (uH)
Tir d6: Z=0L=0,5.10°21.250.10° = 0,785 (Q)

Cong suat phan khdng cla cd hai cudn day:
Q=(Z,+2)I* véil=1333A
Vay: Q=(1,35+0,785). 1333 = 3.793.700 (VAR)
Q=3,79 MVAR

Tit d6: Qe = 3,79 — 3 = 0,79 (MVAR)
1y
oC Q.

Uc — dién 4p trén 2 ddu tu C bing dién 4p trén 2 cudn day:

Dién khdng clia tu: X, =

Uc = (Z, +Z) I = (1,35 +0,785) 1333 = 2846 (V)

T d6: 2
X = (28;46)6 —10,25Q

Vi 0,79.10
c=_t L =62,11.10°(F)

" oX  27.250.10°10.25
Vay: C =62.110(pF)

Khi tu dién dit trén 2 dau cda cudn cdm 1am viéc (H.V.4.2b)

7 DN A A N A N A A P N
Vi cdc di€u kién van hanh ctia cudén cam lam viéc khong thay doi, cudng

U=1800+7Z I
Véi: [=1333-1c,; Ulz=3.10°
I — cudng do dong dién qua cudn phu.

Ic — cuong do dong dién qua tu C.

dd dong dién chdy qua né va dién dp dit 1én hai diu clia n6 khong thay ddi bing
1800V. 4p dung luan Kirchhoff cho mach dién trén ta dugc:
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Tir d6: U . Iz = (1800 + 0,785 . Ip)I;
Hay: 0,78512 +18001, —3.10° =0
_ _ 2 6
| - 1800 (1800)° +4.0,785.3.10° _ 1120(A)
\/2.0,785
Vay: l. =1333- 1, =1333-1120=213(A)
bién khiang Xc:
X =U—C=@=8,45Q
l. 213

Va: ! L _ 75340) pF)

" X, 845.27.250.10°

Vi du 4.3:

Mot thiing phuy hinh tru bing thép khong ri (inoxidable) c¢6 dudng kinh
trong d = 0,5m, cao h = 0,5m, day e = 20mm, dudc si dung dé lam néng mot
chdt 16ng. N6 dudc ciAp nhiét nhd dong dién cdm ¢ng sinh ra tf mot cudn cdm la
mot 6ng ddng cé tiét dién st dung 2mm?, dit 1ong bén ngoai thing phuy, véi
dudng kinh trung binh d; = 0,65m (H.V.4.3). Thanh cda thing phuy tr§ thanh
cudn day thit cAp ngdn mach clia mot may bi€n 4p vdi s6 vong day N, = 1. Cudn
cam chinh 13 cun day sd cap ¢6 N; = 100 vong va dugc cung cAp mot dién 4p
xoay chiéu U= 380V, f = 50Hz. Hiy x4c dinh:

1. Pd thim siu cla tir trudng 8, ¢6 thé cho ring cudng d6 dong dién bén
trong bé day cla thiing 12 dong déu.

2. DPién trd R, cia thanh thung phuy (H.V.4.3a)

3. Pién tr§ R, cia cudn cam.

4. HO cdm M gifta cudn cam va thung phuy.

5. Phuong trinh: U; =f (I}, L) ; U, =14, L)

6. Bi€u dién tdng trd toan phin cha thi€t bi ding truSc cudn cam:
Z,=U,/1,. Khi c4c dai lugng Z, , I, , U; 1a s& phic (H.V.4.3b).

7. Hay tinh dong dién I, , cosp; va P, tiéu thu bdi thi€t bi.

8. Hay tinh dong dién cdm wng I, va cong sult P,

9. Hay tinh gid tri dién dung clia dong dién mic song song v4i cudn cdm
(H.V.4.3¢) khi cosp = 1.

Céc so liéu:
- Dién tr§ suit cda kim loai lam thing phuy:

P> =0,85.10° Qm, tu cam: L, = 368.10° pH.
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N— M
o— 1 e
l R, /N Ry
Uy Ly L
‘l' L, ..l_'z_
Hinh V.4.3

- Bién trd suit cia cudn cim: p; = 1,7.10° QOm,
Tir thim tuong d6i: p, =1. o = 4m.107 H/m.
Hé s6 hinh dang ctia cuén cdm: K¢ = 0,65

HO cadm:

M =K./L.L,

Trong d6: K=0,72,L, = 5,42.107 - ty cAm cudn cam,

L, =t cdm cda thung phuy.
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Vi du 4.4.

Trong mdt thi€t bi d6t néng biang dién moi, mach cong hudng va cdng
sudt clia né phu thudc vao tan s6 1am viéc (xem hinh). Hiy tinh cong suit tiéu
tdn trong dién trd R, va suy ra ring U; d&n phu tdi 12 cuc dai khi hé so lién hé
la:

M M
K = =
Jut, JQQ,

V6i Qy, Q> — 1a cdc hé s6 qud 4p ciia cdc mach dao ddng.
Giai:
1. Cong suit tiéu tan trong dién tré R,
Téng trd ciia 2 mach cdng hudng trong hinh dudc cho bdi cic quan hé:

Z, =R + j(a)Ll—a)lcl)
2 =R+ ol — )
— - M Sl
G; . C,
e .3 E. o]
Hinh V.4.4

Ap dung dinh luat Ohm cho 2 nhéanh:

U, =21+ jMal, @
O = Mol +J,Z, (2)
Giai hé phuong trinh trén nhian dugc:
=
25
— JMoU,

Va:

l. =
2 0,2, +w*M?

C4 2 déu phu thudc vao tan s6 lam viéc khi dé:

ol -t gl -1

@C, oC,

T d6 Z, =R; Z,=R,;
Va: — JMoU,

BO MON THIET BI PIEN 58



TRUGNG DAI HOC CONG NGHIEP TpHCM KHOA PIEN

Cong suat tiéu tan trong R, cho bdi:

2 2
PE :1|§R2—£R2U12 @ Mz 272
> 2 2 (R,R, +®“M*)
2 2
bat: s:__a)_
R1 R2
1U> S
Ta c6: P ==2.——
* 2R (1+9)
. di, 1U? 1-S
Lay dao ham: ==L 3

d. 2R, (1+5S)

S

Ta thiy ring Py, cuc dai khi S = -1

Khi d6: mz = Fife
w
. K- M _[RR _ 1
(O '
LL, VoL oL, ,Q.Q,
Vi du 4.5.

Hiy xdc dinh cdc dic tinh cia 1 10 phin ¢ng diung dé nau chdy 10 tdn
gang c6 dang hinh tru.

1. Pudng kinh trong d va chiéu cao h cda 10 (dang ndi), bi€t ring ty s6 h/d=1,25
2. Pudng kinh trong D ctia cuén ddy cam tng.

3. Cong suit can thi€t d€ thuc hién viéc nau chdy trong thdi gian 3,5 gid, khi
trén bé mit cia kim loai 16ng 12 khong khi.

4. Cong sudt can thi€t d€ thyc hién viéc niu chdy trong thdi gian 3,5 gid néu
noi dudgce day biing mot cdi nip.

S6 liéu: Noi nau chdy dugc ciu tao tif trong ra ngoai bdi cdc vat liéu.

Vit liéu Bé day (cm) Hé s6 din nhiét (W/°’K.m)
Gach chiu Ira 6 2,32
Vat liéu cach nhiét 5 0,464
5 0,72
Amiante 1 0,163
Fibre 0,3 0,1

- P4y ndi c¢é bé day 1a 30cm, A = 1,168 (W/°K.m)
- Nipday 15cm va c6 A = 1,168 (W/°K.m)
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- Khdi lugng riéng cia gang A = 6600 (Kg/m’)

- Ning lugng cAn thi€t d€ 1am néng va chdy 18ng 1a: 350 KWh/tan.

- Heé s6 phan xa tir bé mit chau kim loai néng chdy € =0,8

- Hé s6 trao ddi nhiét tir bé mit ngoai cia ndp véi khong khi Kt = 30(°K m?)
Nhiét dé:

- Kim loai khi néng chay: 8, = 1400°C

- Cudn day cdm tng: 6, = 40°C

- Bén trong nip: 05 = 1300°C

- Khong khi xung quanh: 0, = 27°C
Giai:

1. Pudng kinh trong d va chiéu cao h cda 10.

Pudng kinh:
Thé tich gang trong 10 1a:  V = 10tan _ 1,515(m?)
6600

1- Cudn day
2- Am iante
| | | 3 céch nhist

I 4- Gach chiu Ira
/ [T

~ N A . 3
Vi la hinh try nén: V = ﬂ‘;.h h =1,25d
4
Vay: dd = i
1,257
4= Vi\Yj _ 4.1,515 _ 1156(m)
1,2572' 11253114

Chiéu cao:
h=1,25d=1,25.1,156 = 1,445 (m)
2. Pudng kinh trong cia cudn day:
D = 1,156 +2 (0,06 + 0,05 + 0,05 + 0,01 + 0,003) = 1,502 (m)

BO MON THIET BI PIEN 60



TRUGNG DAI HOC CONG NGHIEP TpHCM KHOA PIEN

3. Cong sudt cin thi€t d€ ndu chiy gang & diéu kién khong khi binh thudng.
Bao gdm 2 thanh phan: 1am néng va 1am chdy kim loai, bu cho nhiét tda ra
moi trudng.

Cong suat lam néng va lam chay kim loai:
Ning lugng cin thi€t d€ dot néng va lam chay 10 tdn gang 1a:
350 x 10 = 3500 (KWh)

DPé€ niu chdy trong 3,5h doi hdi mot cong suit 1a:

p =350 _1000(kw)
35

nc
’

2. Téa nhiét ra moi trudng:

- Qua thanh bén.

- Qua day ndi

- Qua bé miit chau kim loai néng chdy
Qua thanh bén:

D€ tinh todn sy tda nhiét qua thanh bén ta xem thanh hinh tru cta 10 1a
mdt mit phing. BE mit cla né cé gia tri bing gid tri trung binh cla bé mit bén
ngoai 10 va bé mit bén trong 10.

D+d 1,502+1156

S, = h=r 1,445 = 6,033(m?)

V&i mot thanh phing ciu tao bdi cic 16p cé cic dic tinh nhiét khic nhau
va ndi ti€p nhau trén dudng ctia nhiét thong.

Trong trudng hop nay hé s6 truyén nhiét chung K cé thé dugc xdc dinh

1 &e
K27

E; — bé day tudng ting clia cic 16p

bdi:

M- hé s6 dan nhiét ctia mdi 16p.
1 006 005 005 0,01 0,003

Tir d6:  — = + + + + =0,2944((m*°K)/w)
K 232 0464 0,72 0163 0,1

Nhiét thong qua thanh bén:
1400-40

O, =K.S,(6,-0,) =——.6,033= 27870
=K S, (0-0,) == o W)

Vay: @, = 27,9(Kw)
Nhiét thong qua ddy ndi:

Bé mit ddy: S, =
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Nhiét thong tuong ttng s€ la:
A 1168
D, =26, -6,)S, = =22 (1400 — 40).1,05
e 0,3
®, =5,6(KW)
Nhiét thong truyén qua bé mit clia chau kim loai néng chay.
Bé& mit ctia chdu kim loai néng chdy:

_md? 7.(1156)2

S =1,05(m?
KL 2 4 (m?)
Viy: ®, =58, (T -T,)
Trong dé: T, =1400+273=1673(°K)

T, =27 +273=300("K)
8 — hiing s6 Stéfan = 5,67.10° W/(°K*.m?)

€ — h s6 phdn xa = 0,8

tir do: ® _=0,8.567.10"°1,05.[(673)* — (300)"]
D, =372(KW)
3. Téng cong suit (nhiét thong tong).
P =P.+P, +P, +P
=1000+ 27,9 + 5,6 + 37,2 =1405,5(KW)
Hay: P =1406(KW)

4. Cong suat can thi€t khi day nip:
Su trao ddi nhiét dugc thuc hién qua nip cé dién tich :

2
S:ﬂd

n

~1,05(m?)

Hé s6 truyén nhiét chung K,,.

1 :i:e—”=i+£=o,162(m2.°K)/W)
K, KT A, 30 1168

n

Nhiét thong truyén qua nip:
D =K (0,-0,)S, = ﬁ(lsoo— 27).1,05 = 8251(W)

Vay: @ _ =8,25(KW)

Nhu vay, khi day nip cong suit truyén tit bé mit kim loai néng chdy ra
ngoai gidm tir 372KW xudng con 8,25 KW. Vay cong suat can thiét trong trudng
hgp nay la:

P=1000+ 27,9+ 5,5 + 8,25 =1041,65 (Kw) =1042 (KW)
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Vi du 4.6

Tu dién d6t 2 ban cuc song song dudc 1ip ddy mot phan bing vat lidu c6
bé day Scm, c6 hé sd dién mdi tuong ddi €, = 5 va hé sd ton hao dién mdi tgd =
1. cong suit cuc dai nhan dugc khi Q; = Q, = 20 (H.V.4.6)

ey i N _J

Hinh V4.6

Hay x4c dinh:
1. Bé day 16p khi can thi€t d€ nhan dudc cdng suit cuc dai.
2. Phan bd dién trudng trong tu d6t (IAm viéc) khi dién 4p: U = 4000V.
Giai:
Vit liéu dugc dic trung bing mot dién trd Rva mot dién dung C dit song
song. Chiing lién hé vdi nhau bing biéu thic:

1
tgo = ——
J RC.w
Téng trd clia mach dién dic trung cho vat liéu Ia:
7 _ R
" 1+RCo

Lép khi dudc thay thé tuong duong bing mot dién dung C, ndi ti€p. Tong trd
chung cia toan mach c6 dang:
__ R
1+ JRCo» wC,
_ RCw- j[1+R’»?*(CC,+C?)]

Hay: 7
C,o(l+R*w*C?)
Hé so qud 4p cia td hdp khong khi.
A .- 1+ R*w?(CC, +€%)
Vit liéu dudc cho bdi: Q=
R.Co
Néu dit: Q. =wRC
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Ta c6: Q:1+Q,]21(1+C1/C)
Q,C,/C
Céac dién dung C, va C sé la:
_ E08,S i Eofr S

véi: o € 7 €

€9 — hiing s6 dién moi chan khong.

& — hiing s6 dién moi cla 16p khi

g, — hé sd dién moi cia vat liéu

e, — bé day I6p khi, e — bé day vat liéu
Tit d6: C_& e _&5*

C e e ¢.8
Thay vao biéu thic tinh Q ta dugc:

&8t Qi (s, &, + £,€)

&, €Qy,
Tir d6: e —oln Qm(Q-Qn)
e 1+Q2
Sau khi thay s6: € = 5cm.
1
Q =wRC=—=1
tgo
Q = 20; g =9 &
e, =5.107 11.20-D) 9,5.1072(m)
A 5(1+1)
Vay: e, = 9,5cm.

2. Phin bd dién trudng:

Pién 4p dit 1én 2 didu mach dién tuong duong chinh 13 tdng dién 4p dit 1én 16p

khi va 16p vat liéu:

U=U,+U,,
Ta co: gzﬂ:ﬂ
Z Zl ZVL
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1 R
+
Tur dé: U Z joC 1+ joRC . 1 R
—=—= = JoC,| — + -
U, Zz 1 joC, 1+ joRC
joC,
Hay: U 1+ jeoR(C, +C)

U, 1+ joRC
Néu dit: Q,, = ®RC thi:

B 1+ jQ, U
"1+ jQ,(L+C,/C)
Dién trudng phan bo trong 16p khi cho bdi: E, = M
e1
Véi: |U1| modul cta dién dp U,.
U|=U =4000v
vay:  u,l=— 2 ya000
1+11+2
Véi: & — grle — 5'10*2 =105
C ¢e6 595107
2
U.| = x4000 = 3800
b 1+ €+0,105° V)
Vay: E, = 3800 _400(v /cm)
9,5
Ta cé: UVL=U—U1=U— 1+ JQmC u
1+ jQ, 1+
JQn+-2)
1+ ij.&
Hay: U, = CC u
1+ jQ, @+
JQn(+-)
Ev :|UVL|/e
Uy |= 0105 > x4000 = 282,45V
1+ (1+1,05)
Va: E, = 282,45 56,49(V /cm)
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Vi du 4.7:

D€ din mot tAim gd day 0,3mm 1én mdt tim van ép day 25mm qua mot
16p keo (Acétate de Polyvinyl) day 0,1mm. Qud trinh ddn dugc thyc hién bing
cdch dit cdc tAm trén vao giita hai ban cuc dugc ndi véi mdt mdy phat cao tan.
M4y phat hoat dong & tan s6 13,56 MHz cong suit SKW, dién 4p 3,16KV.

Dién tich bé mat ddn 1a 1m* Hiy xdc dinh:

1. T6ng trd clia phu tai bao gdm dién dung va dién trd.
2. Gi4 tri tf cAm cla cudn diy phdi hgp mdy phat — phu tai.
3. Hé s6 bi€n 4p clia may bi€n 4p tu ngiu.
4. Pién 4p hai ddu mach dao dong.
5. Té6c do ting clia nhiét do 16p keo.
S6 liéu:
Bang 4.1.
T So'liéu vat | Bé daye | Hé s dién Khéi lu’(,)'ng3 Hé so ton hao
liéu (mm) moi €, riéng (Kg/m") dién moi tgd
G6 dan 0,3 4 500 0,05
2 Keo 0,1 15 0,5
Van ép 25 4 500 0,05
Ty nhiét ciia g6: C,=0,44w.h / (Kg.”K)
Hé s6 din nhiét ciia gb: A = 0,2w/(m."K)
Hiing s6 dién moi chan khong: &, = i.lo‘g(i)
367 m
Giai:

1. Téng trd cla tai:

M&di 16p dugc dic trung bing mot mach dién bao gdm mot dién dung mic
song song v6i mdt dién trd:

C EoE, S
Gia tri dién dung: ' e
., e 4 n ’ R — 1 _
Gia tri dién trd: i oC, (tg5),

® — tAn s6 géc = 2nf =21 . 13,65 . 10°=85,2 . 10°
C; — dién dung cda I6p tuong tng.
(tgd); — hé so tén hao dién moi clia mdi 16p.

Téng trd cia mdi 16p c6 dang:
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1 1 .
—=—+ JoC,
Hay: Z. R Jo
;R
1+ JoR,C,
Khi st dung cdc gid tri trong bang 4.1. ta nhan dugc:
Bang 4.2
Lép vatli€u 1 ) 3
bai lugng
C (uF) 0,118 1,326 1,415.10°
o.C 10,05 112,98 0,1205
R (Q) 1,991 0,0177 165,9
L6p dugce dit ndi ti€p nhau, nén:
— IQl + R2 + R3
1+ joRC, 1+ joR,C, 1+ joR,C,
Hav: = 1’9_91 + 0’01_77 + 165_)’9 =0,422)8,381
Y 1+ j20 1+ j2 1+ j20
Tir d6: 2| =8392()

b€ x4c dinh cdc thanh phan clia tong trd bao gdm dién dung va dién trd mic
song song, ta co:

1 1 . 1
—=—+ JoC = -
Z R 0,422.18,381
Hay: A=0,006+ j0,119
Tu do: Ro_ 1 166,66(22)
0,006
Va dién dung: oC=0,119
c=Ot19_ 0119 597 109(F)
1) 85,2.10
Hay: C 21,40.1079“:)

2. Gid tri ty cdm clia cudn phdi hgp phéi thda man diéu kién: ®@°CL =1
tr do: L=1/w’C
1
L= 2 112 29
(85,2)2.102.1,40.10
hay: L =0,0986 (nH)

hay: =0,0986.10 °(H)
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3. Ty s bi€n 4p clia may bi€n 4p tv ngiu:

bién trd clia mach so cip:

2 2
R = UP _ (8600 _ 4 997(2)
bién trd ctia mach thit cap:
R, = 166,7(C)
Tu d6, ty sd bién ap:
6,y sobiéndp: 1 U, [R _ ﬁ=3,463
K U, R, 166,7
K =0,289
4. Pién 4p hai ddu mach dao dong:
i = ﬁ,U2 = KU, =0,289.3160=U, =913(V)
K U,

5. T6c d6 phat néng:

Cong suat tich cyc P nhim muc dich d6t néng phu tdi la:

P =m.Cp.d—6
dt
Tir d6 - d0 _ P
dt mC

p
m — khdi lugng phu tai.
m = 1.0,0254.500 = 12,7 (Kg)

de 500

Tu dé: =
dt 12,7.0,44.3600

=0,249(°K /s) =15(° K / min)
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CHUONG 5
THIET BI POT NONG BANG HO QUANG PIEN
————— 000-----

51. SUION HOA CHAT KHI VA KHAI NIEM VE PLASMA ;

Trong cic di€u kién binh thudng chit khi va hdén hgp khi nhu: khong khi,
khi argon, helium, CO, .. khong din dién. Sy din dién x4y ra khi trong moi
trudng moi trudng khi, ngoai cdc phan i, nguyén tif trung hoa con xuit hién céc
phan tf mang dién nhu cic electrons, cdc ions duong hoic 4m, khi d6 chat khi
trd thanh plasma.

Plasma Ia trang th4i thif tu clia vat chit (ngoai cdc trang thai rin, 1dng va
khi dugc dic trung bing sy ¢é mit cia cdc phan tif mang dién trong moi trudng
chi't khi. Plasma dain dién va tuin thi theo cdc dinh luat cla tir khi dong.

Su chuyén hod chat khi thanh plasma phai trdi qua mot vai giai doan. Pdi
vdi cac chat khi phan tf, dau tién 13 qua trinh phén ly: hinh thanh cdc nguyén ti,
ti€p theo 132 qud trinh ion héa chat khi dudi tdc dong cla cic y€u t6 bén ngoai
nhu: nhiét dg, cac tia vi tru o, v, B, cdc tia rongen (roentgen), tia cuc tim, tia
laser, di€n truGng va tur trudng.

D€ tao ra ion, cidc nguyén ti trung hod can phdi nhan dugc ning luong tir
bén ngoai di d€ vugt qua luc hiit Coulon giita cic dién ti (electron) va hat nhan.
Néang luong nay dudc goi 1a ning lugng ion hod A;:

AI=eo.Ui (CV) (51)

Trong d6: ey 1a dién tich ctia dién t¥, Uy 1a dién th€ ion ho4.

Ning luong nay khi cung cip cho electron sé sinh ra dong ning dd 16n dé
ion hod nguyén tif trung hoa khi va cham véi né.

Tuy theo tinh tich cyc héa hoc clia chit khi, ning lugng ion hod c6 gid tri
vio khodng tir 3,9 d&€n 26 (ev), cu thé:

doi v6i K: 4,3; Fe: 7,9; H: 13,6; N: 12,4; He: 24,6 (ev)

Phuong trinh cin biang Iuc tic dong giita electron cé dién tich don vi e, va
mdt phin tif ¢6 khoi lugng m ¢ dang:
dv
dt

egE=m =m.a (5.2)

Vé6i  Ela dién trudng (V/m); m 1a kh&i lugng clia phan tif (g)
v 12 t8c do cta phan ti (m/s); a 12 gia tdc (m/s”)

J t6¢ do ban ddu biing zéro, van tdc phan ti tai thdi di€m t biing:
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€
V, = —OjE.t
m (5.3)
Poan dudng phan it di dudc trong thdi gian t.
L,=0,5vt=(0,5e,/ m)E .t (5.4)

T6c dd va doan dudng phan tif vudt qua trong thdi gian t dudc xdc dinh
bdi gia tri (ey/m), dudc goi 1a dién tich don vi. Vi vay & su chuyén dong tu do
trong ciing mdt diéu kién dién trudng thi tdc do clia electron 16n hon rat nhiéu so
vditdc do cla ion. N&u thay E = U / 1, vao (5.3) va (5.4) c6 thé nhan dudc biéu
thitc xdc dinh toc do cta electron.

v, =,/eU/(2m,) =2,97.10°JU (5.5)

Con tdc¢ do cda ion v6i nguyén tif ¢6 khéi lugng M va dién tich Z la:

v, =\/GOU.Z/2|\/|MO) =6,95.10°/(Z /MU (5.6)
trong biéu thic (5.5) va (5.6): m, 1a khdi lugng cda electron, My = 1822; m, 1a
khdi lugng don vi nguyén tir.
C6 céc hinh thic ion ho4 chat khi chi y&u sau day:

Ion hoa tu nhién:

Duéi tic dong cda céc tia vii tru (o, 7 ..) nguyén tif khi c6 thé bi tich
thanh electron va ion duong. S& ludng ion nhan dugc do sy ion hod ty nhién
trong cha't khi rat it.

Su tu phat xa electron:

Qu4 trinh nay dién ra khi ¢ sy tdc dong cia dién trudng E I1én dién cuyc.
Céc electron ty do trong mang tinh thé cda dién cuc (chit rin) dudi tic ddong cla
dién trudng, nhan dudc ning lugng dd 16n d€ vugt qua mang chin dién thé cia
vat chat va bay ra moi trudng chung quanh dién cuc.

Su phat xa electron nhiét:

Trong trudng hop nay, ngudn cung cAp ning lugng cho cic electrons tu do
trong mang tinh thé clia chi't rin 12 nhiét d6. Cac electrons nay khi nhan di ning
lugng c6 khd ning thoat ra khdi chitrin va bay ra mdi trudng xung quanh.

Su ion hoa do va dap:

Dudi tic dong ctia dié trudng gilra hai dién cuyc, cac ion va electron thyc
hién qu4 trinh chuyén dong gia tdc vé phia cic dién cuc twong tng. Trén hanh
trinh ctia minh chiing c6 thé va dip vdi cdc phan ti, nguyén tif trung hoa trong
chat khi. Sy va dip nguyén t& trung hoa lai dugc kich 1én midc ning lugng méi
va cudi cing ching bi tdch thanh electron va ion dudng.
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5.2. CAU TRUC CUA SU PHONG PIEN HO QUANG:

Su phéng dién hd quang dugc dic trung bing mat do dién cao
(10°+10°A/cm?), nhiét do cao (3 + 5).10°K. H6 quang phét sinh tao thanh ving
Ita chéi 10a va ducc phan biét thanh cac khu vuyc ro rét.

1. Khu vyc gan cathode: ducc goi 1a vét cathode, § d6 dudi tac dong clia
di€én trudng va nhi€t do, cdac electrons thodt ra tir di€n cuc cathode v§i
mat do rat 16n, ching va dip vé6i cdc ion dudng trong hanh trinh véi
cathode gay ra nhiét d6 cao trong khu vuc (tor 7000 + 10000°K). vét
cathode c¢6 d6 16n vao khoing 10°m, dién 4p phan bd trén vét nay 1a
vao khodng 20 volts do d6 dién trudng c6 gid tri 16n: tir 10+20.10° V/m.

2. Khu viic gan anode: dudc goi 1a vat anode. o) day cdc electrons trao
dién tich cia minh va gidi phéng ning lugng tip trung dudi dang nhiét
d6t néng anode 1én dén nhiét do tir 7000 + 10000°K. 6 16n cia vét
anode ciing vao khodng 10°m va dién dp roi trén khu vuc nay vao
khoang tr 10 + 20 volts. Do @6 dién trudng tap trung & day c6 gia tri
16n (10 = 20).10° v/m.

Au,,

Eh :. ! L

Hinh 5.1

3. Khu vuc con lai duge goi la thAn hd quang. Khu vuyc nay c6 chiéu dai
gin biing khodng cich dién cuyc. Tai diy nhiét d6 dudc sinh ra chi yé&u
l1a do sy va dap gilta cdc electrons vd cdc phan ti khdc (2000 dén
3000°K). dién trudng & viing than hd quang thip rit nhiéu so vdi dién
trudng § cac vung vét. (H.5.1)
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Dién 4p phan bd trong cic ving clia hd quang

Upg= AU+ AU, + E; . Al (5.7)

Trong (5.7): AU, AU, tudng ¢ng la gid tri di€n 4p roi trén cic vét cathode
va vét anode, E; 12 cudng do dién trudng trén thin hd quang; Al 1 chiéu dai cla
than hd quang.

53. PIEN CUC DUNG TRONG CAC THIET BI HO QUANG:

Pién cuc st dung trong cdc qud trinh cdng nghé trong cdc thi€t bi hd
quang dugc chia ra lam hai loai: dién cuc khé néng chdy va dién cuc néng chay.

1. Cac dién cuc khé néng chay:

bién cuc loai nay thudng dudc ché tao tir than va cdc vat liéu cd cd sd tir
than cong thém thanh phan kim loai c¢6 nhiét d6 néng chdycao nhu: wolfram,
molibden, tantal, titan, ...

Lgi dung kha nang chiu dung dugc nhiét dd cao va kha phat xa v6i mat
dd day dic cac electrons, cdac dién cuc loai nay thudng duge st dung trong qua
trinh cong nghé sau day:
a. Trong cdc thi€t bi st dung dién cuc tiéu hao (trong 10 hd quang chin
khong).
b. Trong céc thi€t bi sit dung dién cuc khong tiéu hao (trong cic budng
dot plasma, trong 10 hd quang chan khong ..) (H.5.2) mo td két cau
dién cuc wolfram khong ti€u hao.

1 - Dau gén dién cuc duoc lam mét bing nudc; 2 - Dau dién cuc wolfra

Hinh 5.2

2. Cic dién cu'c néng chay:
Céc dién cyc loai nay dugc st dung chii y€u trong cdc cong nghé han hd
quang, niau chdy kim loai va hgp kim trong cdc 10 hd quang chin khong ...

54. CACLO LUYEN KIM HO QUANG:
C6 thé phan 16 hd quang thanh céc loai nhu sau:
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1. Lo ho quang tdc dong gidn tiép: & ddy hd quang chdy gifta cac dién cuc dudc

y
bd tri & phia bén trén cic 16p vat liéu cAn dudc dot néng. Sy trao d6i nhiét
gitta hd quang va cdc 16p liéu nim & phia bén dudi chd y&u dya trén co s&
ctiia buc xa nhiét.

Lo hoé quang tdc dong gidn tiép: trong cic loai nay, hdé quang chdy gitta diu
dién cyc va 16p liéu can d6t néng. Nhiét do dot néng dudc sinh ra chi y&u
nhG cdc qua trinh & cac ving vét anode va vét cathode, nhé dong dién chiy
qua kim loai néng chdy, nhd bifc xa nhiét tif ngon ltta hé quang va nhd sy ddi
lvu va din nhiét.

Lo hé quang chdn khéng: trong cic 10 loai nay, hé quang chdy trong moi
trudng khi trd hoic hoi kim loai néng chdy trong di€u kién 4p suit thap. Dién
cyc thudng dugc ché tao tir vat liéu néng chdy hoic tir vat liéu khé néng
chay.

o e
/r1111L111111)>/

1- Gach chiu lia "
5 15 2 \\/74\__;___
2- Dién cuc §' S

3- Kim loai néng chay

1 — 11
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Hinh 5.3:

Hinh 5.3: trinh bay s6 do k&t cAu nguyén 1y cda 10 hd quang gidn ti€p. Lo hd

quang gidn ti€p thudng c6 dung tich tr 0,25 — 0,5 tdn, st dung dién cuc than.
Dong dién dugc cung cAp bdi mdy bi€n 4p c6 cong suat tir 17,5 dé€n 400K VA.

Hinh 5.4: trinh bay so d0 k&t cAu nguyén Iy cia 10 hd quang truc tiép.

Hinh 5.5: cho biét bi€u d6 cung cAp cong suit va dién 4p cho 16 hd quang

tryc ti€p dung trong cong nghé niu thép.

Cong nghé nau thép bao gdm cic cong doan sau day:

Nau chdy nguyén liéu, tich khi va khit oxy, x4c dinh c4c thanh phin kim

loai trong hdp kim (tinh luyén), d6 kim loai néng ch3y ra khudn dic.
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Hinh 5.4:

P, kw

tai

02-1,0h 15=25h 1,0-15h 15-20h

Hinh 5.5

Pic di€m ciia cong doan niu chdy kim loai va su chdy khong 6n dinh cia
ho quang. Thoi gian ndu chdy kim loai chi€m vao khodng mdt nita s§ thdi gian
cla toan bd qua trinh luyén kim. Chi phi ning Iugng chi€m tir 60 — 80%. Chu ky
niu chay k&t thic khi toan bo kim loai trong 16 luyén kim chuyén sang trang thdi
16ng.

Quad trinh tdch cdc tap chat dién ra nhu sau: diu tién, do nhiét do trong 10
con tuong do6i thap, trong chau kim loai néng chdy dién ra cdc phdn &ng thu
nhiét manh 1am oxy hod sit, silicium, manganses va phdt-pho. Ching ndi 1&én bé
mit kim loai néng chdy va hinh thanh mot 16p xi c¢6 chita cac thanh phan dé bi
ion ho4, vi vy & giai doan nay hd quang chdy tuong ddi n dinh. P d4y nhanh
qud trinh nay, ngudi ta d6 thém vio trong 10 mdt lugng quing sit nhit dinh hoic
thdi oxygen vio trong 10. Sau d6 16p xi nay dugc vt ra khéi 16 luyén kim, trong
khodng thgi gian tir 10 — 15 phuit.
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Tié€p theo la giai doan tinh luyén kim loai, lic nay ngudi ta bd sung vao
trong 10 luyén kim s& Iuo”’ng can thi€t cla cdc thanh phan kim loai tao thanh hgp
kim. Cudi cing 1a giai doan d6 kim loai ra khuon.

Viéc niu luyén kim loai trong cdc hd 16n dién ra trong thdi gian tir 4 — 6
gid mot mé. Trong d6 1,5 — 2,5 gid danh cho viéc nau chdy kim loai, 2 — 4 gid
diing d€ oxy héa, khit oxy va tinh luyén kim loai.

Tuy theo dang nguyén liéu, cic chit phu gia, thinh phan kim loai c6 thé
dinh ra cdc ch& do lam viéc cda 10 va cdc giai doan khdc nhau clia qué trinh cog
nghé, vi vay k&t cau 10 hd quang, cic thanh phan va so d6 cung cip dién doi hdi
ciing phdi c6 cic yéu ciu dic biét:

1. Kha ning diéu chinh cong suit mot cich linh hoat.
2. Pdm bio sy 6n dinh cla 4p suit trong 10.
3. Kha ning thich nghi va ddp ng nhanh cia hé thong truyén dong dién.

4. Kha ning han ché& va bdo vé su ¢ xdy ra trong 10, nhat 1a sy c6 ngin
mach dong dién pha thudng xuyén xdy ra trong qué trinh ndu chdy kim
loai.

Thong thudng doi véi cac 10 hd quang, nhiéu dién cuc cian phdi bd tri hé
thong truyén dong riéng cho tirng dién cuc. H& thdng nay cian dudc ty dong hda
G muc do cao.

bién cuc trong cdc 10 hé quang nau luuyén kim loai thudng 1a loai khé
néng chdy hoic la loai néng chdy. Ching c¢é ti€t dién tron dugc ché tao dudi
dang thdi, ¢ ren ring doc theo chiéu dai t6i phan ni¥a chiéu dai cia toan bod
dién cuc ding d€ vin 6ng ndi. Phu thudc vio dudng kinh dién cuc ching dugc
ché& tao c6 chiéu dai tir 1000 — 1800mm.

bién cuc than grafit (than chi) thudng c6 dién tr§ suit 16n, dugc ch€ tao
bing phuong phdp nhin tao trong cic 10 luyén dic biét. Ngoii ra con c6 thé su
dung dién cyc than — antraxit cong thém céc thanh phin thay cdc v mot vai loai
keo dic biét, dugc niu luyén trong cc 10 chan khong & nhiét do 1600°K.

5.5. TRANG BI PIEN TRONG CAC LO LUYEN KIM HO QUANG:

Lo luyén kim hd quang ban than 12 thi€t bi dung dién cong suit 16n (tir
400 dé&n 30.000 KVA), vi vy ngoai cdc thi€t bi bdo vé va do ludng phai ddm
bédo hét stc tin ciy.

C6 thé hinh dung s d bd tri thi€t bi 10 luyén kim hdé quang nhu trong
(H.5.6)
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1,6- Mdy ngét
2- Budng day cao ap
3- Dao tach ly

4- DAy dAn cao 4p
5- Khéng dién

7- Mdy bién ép 10

8- Day thi cdp

9- Pién cyc

10- Lo hd quang

5 Hinh 5.6

So db dién ctia 10 hd quang trong (H.5.6) dudc trinh bay trong (H.5.7).
Trong d6 so @6 dién dong luc bao gdm hai phan:

- May bign ap do luong
- Day thir cip

- Bd tu déng digu chinh
céng suat

9 - Thiét bj kiém tra

1 e
11 )
2 26
ol
31 A XA XAV YW whﬂ
Y & |
L
il + =
T Uhd d o
4 éC>C>Q>' B 1 - Dudng day cao ap
: - - - -: 2 - Dao tach ly
3 - May ngét
4 - Khang dién
5 - May bién ap 1o
6
7
8
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Phan cao 4p (6, 10, 15, 35KV) gdm cé diy ndi, cic khi cu dién déng cit mach
dién dong luc, khang dién, cudn day so cAp clia mdy bién dp 10. Phan ha 4p (110
— 213 - 591 V) bao gbm hé thdng mach vong thit cAp véi cdc thanh cdi dugc bit
c6 dinh véi dau ra clia mdy bi€n 4p 10, hé thong diy din mém dudc ndi véi cic
dién cuc c6 kha ning di dong Ién xudng trong qua trinh 1am viéc, hé thong dién
cuc va hd quang dién. Mach vong thit cAp clia mdy bi€n 4p 10 chiu dong dién rat
16n (100KA va 16n hon), chiing thudng c6 tiét dién 16n hoic dugc ché tao thanh
tap tif cdc bing ddng mdéng hoic dang dng dugc 1am mat bing nudc.

Hé thong bdo vé dong luc bao gdm cic khang dién dung d€ han ché dong
dién ngdn mach, chiing dugc 1ip dit cho riéng tirng pha dién 4p, ngoai ra d€ bao
vé céc su ¢d khdc nhu ngin mach ba pha, qud tdi, sut 4p, ... ngudi ta lip dit cic
mdy ngit dién bén phin cao 4p clia hé thong.

Hé thong do ludng cic thong s6 dién cia hé thong dién cao va ha dp dudc
thuc hién thong qua cdc mdy bién dp do ludng: may bi€n dong bién dién 4p.

Viéc diéu chinh ty dong cong suit 10 dugc thuc hién bsi hé tu dong diéu
chinh cong suit. Thong qua céc tin hiéu diéu khién nhan dugc cé thé thuc hién
viéc chuyén cip dién 4p clia may bié€n 4p 10.

bic tinh cdc dai lugng va chi s6 cong nghé cda 10 luyén kim hd quang
dudc bi€u dién nhu & trong (H.5.8).

g - Nang sudt 1o,

n - Hidu sudt 1o,

N - Chi phi nang luong,

t - Thoi gian ndu chay,
Ph - c&ng suét hd quang,
Pa - Céng suét tich cuc
toan phan,

7h - Hiéu suéit hd quang,

Pth - T8n hao trong day
dén, Uh - Dién ép hd
quang,

cosp - Hé s8 cdng suét.
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TU cdc dd thi (H.5.8) thdy ring & dong dién I’ chi phi ning lugng N 12 nhd nhat,
ning sudt g ciia 10 khd cao, thdi gian ndu chay t kha nhanh. G dong dién I” tuong
tng v6i cong suidt hd quang P, 16n nhat va thdi gian ndu chdy t nhé nhat hinh
thanh ch& d6 ning suit N cao nhit. Ch&€ dd lam viéc tdi wu cta 10 hd quang
thudng dugc xdc dinh béi gid tri dong dién nim trong khodng I’ <1 <1”.

O cdc 10 hd quang c6 chi phi ning lugng 65KWh/tan gid tri dong dién t&i
uu 1a vao khodng 57 KA. G cdc 10 ¢6 N = tir 280 d&n 310 KWh/tn thi I = 62KA.

56. LO HO QUANG CHAN KHONG:

Pé€ nang cao chit lugng kim loai ndu luyén tir cac thi€t bi luyén kim thong
thudng khdc nhu 10 hd quang gidn ti€p hoic truc ti€p, cdc kim loai nay dudgc
luyén lai trong diéu kién dp suat thdp trong cic 10 hdé quang chan khdng, nhd dé
c6 thé gidm dudc ham lugng tap chit va khi hoa tan chifa trong kim loai.

Lo hd quang chian khong chii y&u diing d€ ni'u cc kim loai quy hi€m nhu:
titan, wolfram, tantal, molybden ciing nhu cédc loai thép dic biét chat lugng cao.

Ap sudt lam viéc trong cdc budng 10 hd quang chin khong 1a vio khodng
1,0 d&€n 0,001 Pa. Trong cic 10 hién dai c6 thé nhian dudc thdi kim loai diic ¢
trong lugng tr vai tram kg d€n 50, 60 tan.

Pién cuc trong cdc 10 hdé quang chian khong dugc chuidn bi tif nguyén liéu 12
ban than cdc kim loai cAn nau luyén, vi du: d€ luyén titan, dién cuc dugc ché tao
tir titan x6p, ép thanh thdi cé ti€t dién tron, d€ luyén wolfram, molybden dién
cuc dudc chuin bi dusi dang tip ghép tir cic 14 kim loai ciing loai.

Hinh 5.9: trinh bay so d6
két cAu nguyén 1y cda 10 hd ﬂ
quang chan khong. 6] day ¥
budng dot c6 dang hinh tru
dugc lam m4t bing nuéc. Pién
cuc dudc diéu khi€n chuyén
dong 1én xudng nhd hé thong
truyén dong hodc thdy luc.
Cudn solenoit sinh ra tu trudng
doc. Dugi tic dbéng cua tu
trudng, hd quang chuyén dong
trong chiau kim loai néng chay
va dam bdo khong cham vao
thanh 10. Ngoai ra, ti trudng
con lam cho hd quang chdy dn

dinh. Trong di€u kién nhu vay 1 - Didn cuc, 2 - Méy lanh, 3 - Joiing dém, 4 - Tryc ép, 5 - Tém Iét,
s& tao ra sy chuyén dong clia 6 - Thoi kimloai,7-Béhkgtgtinh,s-smenome.
Hinh .
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kim loai néng chdy

trong chiu, 1am cho ciu tric

kim loai dudc cai thién.

CHUONG 6
CONG NGHE VA THIET BI
DUNG NGON LUA PLASMA

6.. CO CHE TAO RA NGON LUA PLASMA NHIET PO THAP VA
LANH VUC UNG DUNG:

Cong nghé dung ngon Ia plasma la linh vyc cong nghiép tré tudi phat
tri€én manh mé vao diu nhitng nim 1950. Trong nhitng nim d6, khi ky thuit
khong gian dudc chd y tdi, ngudi ta da tao ra nhitng thi€t bi cong nghé phuc vu
cho muc dich nay. Cung vdi cic loai ddong co phan luc c6 sic ddy manh mé,
ngudi ta dd nghién cttu va ché tao ra cdc thi€t bi tao ngon Ita plasma nhim muc
dich phuc vu cho cong nghé tao I6p phii bé mit kim loai ¢6 kha ning chiu dung
dugc nhiét do cao, bén vitng va chiu mai mon.

Ngay nay, cong nghé diung ngon Itta plasma dugc ng dung nhiéu trong
cong nghiép. Vi du, dung thi€t bi plasma cong suit 100kw c6 thé cit dudc thép
day 30mm vdi toc dd 4m/phiit. Trong cdng nghé han cé thé plasma d€ ndi cic
chi ti€t bing dong, thau, nhdm va hdp kim nhom véi hiéu qda cao. Plasma con
dugc ng dung nhiéu trong cong nghé phd bé mit chi ti€t mot 16p chiu nhiét,
chdng oxy héa.

Quan trong nhat 12 huéng tng dung ngon Itta plasma trong chan khong két
hop véi mdy gia tdc tr trudng. 0] day trong ddm may plasma trong chian khong,
ngudi ta dua vao d6 chi ti€t mang dién th€ 4m, nhd dé céc ion duong bi hiit ra
khdi ddm may plasma, sau d6 né dugc gia toc bing tif trudng. Lic ndy ddm may
plasma trd thanh kh&i vat cht ning lugng rit cao nhd sy chuyén dong cda cic
electrons v4i van t6c hang tram (km/s) va ¢6 niang lugng 1én dén hang trim ngan
(ev). Ludong plasma nhu thé, c6 thé tao ra su tap trung nguyén t trén bé mit kim
loai, 1am bdc hdi kim loai va thim chi cé thé lam thim nhdp nguyén t& vao
trong mang tinh thé ctia kim loai.

P& thu nhin plasma c6 thé st dung thi€t bi tao plasma (plasmatron) theo
cdc so do nguyén ly khidc nhau. Phdn tng plasma héa hoc c6 thé thyc hién dugc
theo hai céch:

1. Pua cdc thanh phan tao plasma vao trong khu vuc c6 sy phéng dién hod
quang, thi€t bi plasma hoat dong két hdp v6i cac chat phdn ¢ng.
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2. Pua cdc chit phdn t¢ng vao trong ludng plasma & bén ngoai
viing phéng dién, st dung budg phin ng 12 cdc dng tru dudc gidi

nhiét, trong d6 dién ra sy tron 1an dong plasma véi cac chat dua vao.

Su d6t chay va 1am maét cdc sadn phdm gdy phan ng dudc thuc hién biing cich
dua vao ludng plasma mot sd lugng tuy y chat khi hodc chit 18ng & bén ngoai
khu vyc phéng dién.

C6 thé phan loai cic bién phap thu nhan plasma nhu sau:

1. Gay né day din dién trong mach dién.

™

Tia Ira dién

o)

Su phéng dién vang quang cao tan.
4. Sy phong di€én 4n mon.
5. Su phéng dién hd quang.

Hién tai bién phdp thi nim dugc &ng dung rong rdi vi c6 nhitng vu di€m
sau day:

- Kha ning thu nhan plasma chdy lau dai vdi hi€u suit cao tir cdc chat
rin, 16ng, khi c6 thanh phan hod hoc khac nhau.

- Kha niing thu nhin plasma trong diéu kién chan khong va trong moi
trudng c6 4p sut cao.

- 2 A A A ~
- Kha niang st dung cac ngudn dién tiéu chuan.

P¢€ ning thu nhan dugc plasma trong cac thiét bi plasma, phai s dung cic
chat khi (cdc moi trudng tao plasma) chiing c6 thé 1a khi mdt hoic nhiéu thanh
phan. Khi mot thanh phan c6 thé 14 argon, helium, nitrogen, hydrogen. Khi nhiéu
thah phin c6 thé nhian dudc trong cdc mdi trudng khac nhau nhu: moi trudng oxy
ho4, mdi trudng phuc hodi hoic mdi trudng trung tinh.

Mot trong céc thong s6 nhiét quan trong nhit doi véi plasma 1 entapi c6
nghia la nhi€t lugng chita dung trong mo6t don vi thé tich hodc khdi lugng.

bic tinh clia mot vai chat khi tao plasma dugc dwa ra dudi day:

Argon, khi nay c6 gid tri entapi thap, khong thich hgp vdi vai tro 1am chat
tao plasma mot thanh phan. Argon c¢6 tih din dién tot trong di€u kién nhiét do
cao cla vi vdy doi hdi dién trudng duy tri hd quang thip. Argon 12 mot trong cic
cdc chat quy hi€m va dugc st dung chii y&u trong cic trudng hop cin téi vai trd
trd hod hoc cta nd6.

Nitrogen, thudng dugc sit dung lam chat khi tao plasma mot thanh phan.
Tih din dién va din nhiét trong diu kién nhiét dd cao clia nitrogen tuong ddi
tot, vi vy né tao diéu kién thuin Igi d€ duy tri hé quang.
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Helium, c6 cic tinh chat vé dién t5t hon so vdi khi Argon. Tuy nhién vi
gid thanh cao nén khi Helium st dung trong céc thi€t bi tao plasma rat han ché.

Hydrogen, 1a chi't khi tao plasma c6 entapi cao. Pién trudng cin thiét dé
duy tri hd quang trong mdi trudng Hydrogen cao hon khi Argon vai lan. Tinh din

nhiét t6t hon so v§i mdt vai loai khi khac. Khi Hydrogen tuong d6i ré. Tuy nhién
trong mdi trudng nhiét d6 cao, Hydrogen thudng cé tic ddg pha hlily ddi vé6i cac
dién cuc, vi vay né thudng dudc st dung k&t hop véi Argon.

6.2. THIET BI TAO PLASMA NHIET PO THAP (plasmatron)

b6 1a thi€t bi k§ thuat dién, trong d6 viéc ddt ndéng khi tao plasma dudc
thuc hién nhd sy phéng dién. Cac bd phan chii yéu clia plasmatron 1a: dién cuc,
budng phéng dién, bo phan tao ra ludng plasma, hé thong diu phun ngon la
plasma, hé thong diéu khi€n sy phéng dién hd quang. PE kéo dai tudi tho cic
dién cuc trong plasmatron, ngudi ta ché tao chiing tir cdc vat liéu khé néng chdy
(than, Mo, W, Zr ...). B6i véi cdc dién cyc 1am tir vat liéu d&€ néng chdy nhu dong
ching han thi phdi 4p dung cdc bién phdp d€ tao su di dong lién tuc ca chin hd
quang chdy trén ching, muc dich nhim tao ra sy phan bd nhiét trén mot dién
tich 16n cla bé mit dién cuc hodc phdi 4p dung bién phap gidi nhiét dién cuc
bing nudc. Thong thudng cic dién cyc loai ndy c¢6 hinh dng hodc hinh vanh.

Plasma
—4

1 - Dién cuc cathode; 2- Dién cuc anode hinh vanh; 3 - Vach ngan cach dién;
4 - Ranh lam mat bing nudc; 5 - B& mat lam mat.
Hinh 6.1

Trong két cAu cda plasmatron dudc trinh bay & (H.6.1), hd quang chdy
gifta cdc dién cuc catdt (cathode) va andt (anode) hinh vanh dugc gidi nhiét bing
nudc.

Céc vanh dién cuc anode dugc ngidn cdch vGi nhau bdi cdc vach ngin
cich dién. B&é mit xung quanh ciia cdc dién cuc hinh vanh duoc lam mit bdi mot
16p khi lanh c6 hé s6 din nhiét thap, vi vy hd quang chdy & bén trong ranh dat
mat do va nhiét do cao.
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Né&u doc theo rinh hd quang, cdc vanh dién cuc khong gin cich

vdi nhau thi ludng khi thdi doc ranh bi d6t néng va bi mat kha ning cich dién,
khi d6 s& x4y ra hién tugng d4nh thling qua 16p khi néng giita hd quang va dién
cyc hinh vanh. Hién tugng nay dugc goi 1a sy ndi tit hd quang.

1- Budng dét; 2- Catdt; 3- Hd quang; 4- Dién cuc andt hinh 8ng; 5- Cudn day
solenoit; 6- Ranh ti&p tuyén
Hinh 6.2.

Hinh 6.2: trinh bay so dd nguyén 1y ctia plasmatron véi hé thdng 6n dinh
hd quang bing ludng khi xody. Khong khi dugc duwa vao budng ddt 1 qua cic
ranh ti€p tuyén 6 sé& tao ra ludng xody xung quanh truc hd quang 3 chdy giita cic
dién cuc 2 va 4. Nhd qud trinh trao ddi nhiét manh, ludng khi xody bi dot néng
va trd thanh plasma thdi ra ngoai miéng plasmatron. Duéi tic dog clia ludng khi
xo0dy, chan hd quang ludn di ddng trong 6ng dién cuc 4 nhd d6 dim bao cho 6ng
cuc ¢6 tudi tho cao.

Ngon Itra plasma tao ra tot moi trudng khi Nitrd va khong khi & plasmatron
loai nay khong vuot qua 5.10° d&n 6.10%°K.

Hiéu suit cda thi€t bi: n = AH.G/U.I

V6i AH la d6 chénh 1éch entapi gitta khi bi d6t nong va khi ngudi.

G 1a chi phi chat khi trén 1 gidy.
U.I 1a cong suit ctia plasmatron dat 0,75 d€n 0,85.

®
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BO MON C 1 - Cum catét; 2 - V& bao catét; 3, 4 - Dién cuc vanh; 5 - 6ng din ra; 6 - Dau kep; 7 -
N&p anét; 8 - Miéng phun; 9 - Céach dién; 10 - DA&n khi vao; 11 - Ranh tao ludng khi;

12 - Catét.

Hinh 6.3
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Hinh 6.3: trinh bay so d6 plasmatron c6 két cdu twong d6i hoan chinh vé6i
di€n cyc vanh va diung bién phdp dua khi tao plasma gita cdc vanh dién cuc.
Nh& d6 cho phép ha thap dién 4p hdé quang (H.6.4) 13 so d6 plasmatron vdi tir
trudng 6n dinh hd quang.

Ho quang & day chdy giita cac dién cuc 1 va 2. T trudng sinh ra tir cudn
diy solenoid 3. Ludng khi di qua giita cic dién cuc dugc hd quang d6t néng
nhanh chéng va thodt ra khdi miéng plasmatron dudi dang ngon lGa plasma.
Duéi tic dong cia tif trudng, hd quang bi don nén vio khu vuc trung tim doc
theo truc clia thi€t bi va bi quay. T6c dd quay ciia hd quang ty 1& véi gid tri dong
dién hd quang va cudng do tir trudng clia cudn day.

1- Dién cuc trung tam; 2- Didc cuc ngoai; 3- Cudn day solenoide; 4- Than hd quang;
5- Ngon lira plasma; 6- Dudng d&n khi; 7- Cach dién.
Hinh 6.4

Nh& chuyén dong quay nay, chan hd quang ludn di dong bén trong dién
cuc hinh 6ng 2 vi vy kéo dai dugc tudi tho clia né. Pién cuc trung tim 1 dugc
lam tir vat liéu khé néng chdy. Hiéu suat cta thiét bi dat 0,52 dén 0,76 chi yéu
phu thudc vio su tdn thit trong dién cuc hinh 6ng.

he

h] 2.8 s

— | -~

3 i3
5
7

d)

w

b)

1 - Ngudn tao dong dién t&n s& cao; 2 - Kh&i khi d&n; 3 - Budng dét;
4 - Cudn day; 5 - plasma; 6 - Dién cuc cao 4p; 7 - B truydn séng;
8 - Dién cuc n&i dat.

Hinh 6.5

Hinh 6.5: trinh bay sd d6 nguyén 1y clia cdc plasmatron cdm ¢ng tAn s&
cao. O day khi dugc d6t néng nhd dong dién xody (dong Foucault).
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Ciing tuong tv nho & phuong phdp dot néng cdm ng trong mdi trudng
din & diy ludng khi din dugc dot néng véi tir trudng xoay chiéu tan sd tir 6,3
KHz d¢n 20MHz. PAu tién d€ tao ra moi trudng din dién can phai dot néng so
bo chi't khi tao plasma biing ngon Itta hd quang, sau d6 trong budng dot s& ty ton
tai qud trinh phong di€n tinh.

D6 thim sdu clia dong dién xody trong khdi khi din dudc xdc dinh bdi
biéu thic: 1
s== |2 (6.1)
2\ w.f

véi p la dién trd suit clia plasma, f1a tan sG.
wla do tir thim, d6i véi plasma p =1

Pién trd suit cda khi argon, nitrogen, oxygen & nhiét do 15000°K tuong
tng s€ 1a 0,01 ; 0,025 ; 0,1 (Q.cm)

Khi thdi qua budng phéng dién tinh khi thoit ra miéng plasmatron cé nhiét do tir
7,5.10% d€n 15.10° °K véi toc do tix 10 d€n 60 (m/s)

6.3. CAC PAC TINH VA NGUON CUNG CAP NANG LUQGNG CHO
PLASMATRON.

Céc dic tinh ning luong clia thi€t bi tao plasma dudc bi€u dién dusi dang
qua hé giita c4c thong sd clia hd quang va diéu kién IaAm viéc nhu dang khi tao
plasma, 4p suat kich thudc dién cuc, cudng do tir trudng diéu khién, vat liéu dién
cuc, nhiét do va kha ning phat xa electron cua cdc dién cuc. Tuy nhién, viéc
dong thdi xdc dinh tit cd cic y&u td k& trén trong diéu kién hién tai 13 ra't khé
khén.

C6 thé sit dung mdt vai cong thirc kinh nghiém sau day:

Pdi v6i plasmatron mdt budng dot, dong dién mdt chiéu véi hd quang
quay bén vitng nhd ludng khi xoay trong dién cuc anode hinh 6ng, dic tinh von —
ampe, c6 dang:

Khi lam vi€c trong khong khi:

U* = 1290 [I*/(G.d)1 ™" (G/d)* (p.d) % (6.2)
Khi lam vi€c trong mo1 trudng Hydrogen:

U* = 9650 [I/(G.d)]** (G/d)* (p.d) **° (6.3)
Trong cac cong thic (6.2) va (6.3):

I 12 dong dién hd quang

G 1a chi phi chat khi tao plasma

d 12 dudng kinh trong clia dién cuc anode hinh &ng

p 12 4p sudt budng dot.
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Hiéu suit c6 thé tinh bing:

KHOA PIEN

Khi lam viéc véi khong khi:

n =0,886.10" [I/(G.d)]*" (G/d)™ (p.d) (D)™ (6.4)
Trong méi trudng Hydrogen:

N = 6,54.10° [I/(G.d)]1** (G/d)** (p.d) ™ (1)"*®
O day, 11a chiéu dai dién cyc.

(6.5)

DP6i v6i cac plasmatron tng dung nguyén 1y tdc ddng tuong hd giita tir
trudng do cudn day solenoit sinh ra va dong dién hd quang, ngoai ra cic dic tinh
chung con c6 thé nhan dugc qua hé giita cdc thong s6 vé dién va tir, 4p suit chi
phi chat khi tao plasma (dd thi H.6.6).

n %
N% = 80 ‘ T S . :
i A o —\wIEe | ||
60 80 2V . y N
50 50 I\I L | ] 1
25 50 75 09/S ol ' L N=F(G) |}
9 SN 1ol
) : ||// 1 1
30 = F(p/( T T T T
20 R T
- Ok - i \ ‘::‘\L\ : ] : 3
6000 n=1Nyl —— S N,, nBm
il :
h 2500 : P 10, Pa
5000 '_j\ % 500 1500 L ;
10 30
[ ' 1500 2500 1810 T
a000__1 500 o 1
25 50 75100 0.9/S 25 50 75
Hinh 6.6

Ngoai ra, trong (H.6.7) con bi€u dién quan hé giita hiéu suit, giita nhiét

do clia plasmatron va 4p suat chi phi tao plasma, tir cim, ...

500 T T ; 600 : . E X /—:- X
ubigd | e LA o
400 ' /JLf‘{PK)E 400 ‘r———s- L _{'L_ ‘:I__JI;-__
: ; : ; |l U=f(BY;
200/ 'Ir 1 ’*:f 200 —-AtA-VILV-‘.P‘_lL-__: ______
{ Wl L . L 5
1 ; | - 20 40 50 P 10° Pa
L =20 40 50 C'SQ’S 0,08 0,1 0,12 0,14 BT
5 10 15 Pyg 10°Pa 40 80 120 C, g/s
a) b)
Hinh 6.7
Cong sudt cuia Plasmatron bang:
P=U.I=1.E.1 (6.6)

chd y&u phu thudc vao chiéu dail cda hdé quang va cudng do dién trudng E.
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Viéc Iya chon ngudn cung cip cho plasmatron chi y&u dudc xdc dinh
dua trén do bén vitng ctia hd quang. Piéu kién nay dugc thé hién qua biéu thic:

d U 5 g U 6.7)
dl dl
V6i U,: dién 4p ngudn. Uy: dién 4p hd quang.
Hiing s6 thdi gian ty dong dn dong: t<3 . 10~ sec.
Hiing s6 thdi gian mach hd quang tii: t = 25.107 sec.
Dy trit dién 4p ngudn: o= U, / Uy = 1,1.

Dao ddng dong dién khdi gia tri dinh mdc khong vugt qua 3% va thdi gian
dao dong khong vugt qua 15 p sec.
Hinh 6.7: trinh bay sd d6 dién cung cAp dién 4p cho plasmatron. P&i vdi

plasmatron tan sd cao ngudn cung cip dién dugc thuc hién bdi bo bién tan ding
den thyratron (H.6.8)

S
S 5 A i
o R0

SZj SZ\{ Y

KD
a = f(x)

8n dong

Hinh 6.8

Cong suit c6 thé dat t6i 103 KW & tin s6 dong dién 1én dén 1,76 + 2,5 MHz.
Trong so do trén con c6 mdy bi€n 4p anot dién dp 0,38/1,4 KV. Chinh luu dén
thyratron ¢6 dién 4p 10,5 KV, dong dién anot 8A. Dao ddng cong sudt 1a vao
khodng 63 KW. Mach dao dong 1a tdi cda dén bao gdm tv cdm tuong duong cia
plasmatron Lg va ty di€n C.

6.4. THIET BI PLASMA DUNG PE CAT VA HAN:

Viéc cit kim loai nhd plasma dugc thuc hién nhd ning lugng hd quang va
ngon Itra plasma sinh ra tir thiét bi plasmatron. Kha ning cit kim loai dugc biéu
di€n bdi quan hé:
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v.0=0241.U.n/(y.b.S) (6.8)

Trong d6: v 1a tdc dd cét kim loai,
dla d6 day cta kim loai.
I, U: dong dién va dién 4p hd quang.
N : hiéu sudt nhiét,
y : khd&i lugng riéng cla kim loai cit
b : bé rong clia vét cit

S : entapi ctia kim loai néng chay.

& J
00

'Y

0

1 - May bién &p Anot; 2 - Chinh luu Anot
Hinh 6.9

Qud trinh cit kim loai bing plasma can phdi dudc tinh todn dé€ c6 thé phdi
hdp tot gitta cong suit va tdc do cit. Piéu nay dudc thuc hién khi lya chon dong
dién, dién 4p, dang khi tao plasma va k€&t cau clia plasmatron.

Khi ddng thdi ting cong suit va gidm tdc dd di chuyén cia plasmatron c6
thé din t6i viéc 1am ting bé day clia vét cit. Hinh 6.10a,b: trinh bay so dd
nguyén ly ctia cong nghé cit kim loai nhd ngon Ita plasma.

Hinh 6.10a: cho thay viéc cit kim loai c6 thé st dung hd quang chdy gifta

thi€t bi plasmatron va tAm kim loai cit k&t hgp vdi ludng plasma.

Hinh 6.10b: cho thdy qud trinh cit kim loai nhd ngon Itta plasma phun ra
tlr thi€t bi plasmatron.

Céc thi€t bi cong nghiép khdc nhau 1am viéc & dong dién d€n 1000A vdéi
dién 4p khong tdi I1én d€n 350V ddm bdo toc do cit tir 3 — 4 d€n 10 m/phiit.
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1 - Ddng plasma; 2 - H3 quang; 3 - Catdt; 4 - VAt lidu ct; 5 - Ngudn cung cép;
6 - Dién tr& han ch& ddng dién clia hd quang thudng truc.
Hinh 6.10

a) So dd dién: 1 - Ngudn cung cép; 2 - My phét tan s& cao
3 - Di&n cuc khéng néng chay; 4 - Chét khi tao plasma;
5 - Nudo lam mét; 6 - Khi bao vé; 7 - Dudng din khi béo v8; 8,- San phdm.
b) So dd nguyén ly han véi dong khi bao boc ngon luza plasma:
1 - Ddng khi mét bao boc; 2 - Dong khi néng bén trong; 3 - H3 quang;
¢) So d5 nguyén ly han béng ngon liza plasma:
1 - Khi tao plasma; 2 - Khi tao tidu diém: 3 - Khi bao vé
4 - Khu vue tc déng cta ngon lira khi khéng ¢6 khi bao vé.
Hinh 6.11

Cong nghé han kim loai nhd ngon Itra plasma dugc thyc hién nhu dugce
biéu dién trong (H.6.11)

Nho cong suit cao cta thi€t bi plasmatron va tic dong ning dong clia
ngon Ira plasma c6 thé thuc hién viéc han cdc kim loai ¢6 bé day khic nhau ma
khong can phéi dua cdc chat phu gia khdc nhau vao trong mdi han. Ngon Ita
plasma c6 thé€ han ndi cdc chi ti€t cong, thyc hién mdi han dep khong cé mép va
c6 thé thuc hién viéc han kim loai day trén mdt dudng dai lién tuc.

Trong thi€t bi han plasma c6 thé dua vao ludng khi tao tiéu cu (H.6.11) c6
chiéu tao thanh géc nghiéng so vdi truc cda ludng plasma, cho phép tip trung
nhiét dd trong mot dién tich hep cta vé&t han. Phu thudc vao dang kim loai han,
khi tao tiéu cu va khi bdo vé c6 thé 1a argon hodc hdn hdp khi giita argon va
helium hodc khi hydrogen.
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z A P A A /{’ A A M N
Khi bdo vé c6 nhiém vu bdo vé d€ vit la khong rdi vao trong khu vuc
han.

Kich thu6c dién cuc phu thudc vao gid tri dong dién hdé quang va chi phi
chatkhi tao plasma 1a tir 8 d€n 15mm. Ngudn cung cAp phdi ddm bio dong dién
tr 450 dén 600A & dién 4p 60 dén 80V.

6.5. THIET BI PLASMA TAO LGP PHU BE MAT:

Viéc phii 1én trén bé mit kim loai mot I6p phii chiu nhiét va c6 tic dung
chéng oxy héa dudc thuc hién bdi phuong phidp cong nghé phun nhd ludng
plasma mang theo vat chit phii néng chdy. Vat chi't phii c¢6 thé 1a chi't din dién
hoic khong din dién. Trudc hét ludng plasma d6t néng bé mit chi ti€t d&€n nhiét
dd cao sau d6 chit phi néng chdy dudc phun 1én bé mit chi ti€t s& bam dinh 1én
d6, sau khi ngudi di sé tré thainh mot 16p phii bén vitng (H.6.12) trinh bay cic
phuong phdp phun phd bé mit kim loai bing chit phi khong din dién (H.6.12a)
va chit phli din dién (H.6.12b).

]

Hinh 6.12
\ \\
khi | _khi_ 5
% SR
= +
Hinh 6.13
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ChA't phi con c¢6 thé & dang bot (H.6.13). G day bot phii ¢6 thé 1a
chat khong din dién (H.6.13a) hoic 13 vat chat khé néng chdy (H.6.13b). trong
khu virc hd quang chit phi dang bot khé néng chdy dé& dang bi chdy va bi ddy di
véi

toc d6 cao 1én bé mit chi ti€t. Sau khi ngudi di s& hinh thanh trén bé mit chi ti&t
mdt 16p phii chiu nhiét rat t5t. BE rong va do siu ctia 16p pht bé miit c6 thé dugc
diéu chinh trong pham vi tuong ¥ng 1a tir 8 d€n 45mm va tir 0,5 d€n 6mm.

Vi DU TINH TOAN
Vidu 6.1.

Budng ddt cia mot 10 hd quang dudc ciu tao bdi mot cdi vom cau dit trén
miéng 10 hinh tron.

Chau kim loai néng chdy c¢6 chiéu cao h = 1,15m, trong dé % tuong dng vdi
chiéu cao h’ clia vom, chiéu cao h” clia phan hinh tru twong ¢ng véi Y% con lai.
Bé day cla thanh kim loai e, = 25mm. Budng dot dudc bao boc bdi mot 16p vat
liéu chiju I&a dolomit c¢6 hé s& din nhiét A = 1,95 W/ (m.’K). Hay xdc dinh :

1. Pudng kinh trong clia budng ddt, biét ring khdi lugng kim loai nau
chdy trong 16 12 100 tin, nhiét d6 ndu chiy 1a Oy = 1750°C.

2. Bé day I6p vat liéu chiu Itta § céc vi tri:
- Phan than 10 hinh tru e,,.
- phan vomee,.

Sao cho nhiét d6 bé mit ngodi ctta budng ddt 1a 150°C. B3 qua nhiét 4p
bén trong thanh kim loai.

3. Thdi gian t cAn thi€t dé lam d + 2, + 2¢,
chdy kim loai tir nhiét do cila - ‘
modi trudng dén nhiét do néng h 15
chdy 1a 1750°C, biét ring cong e S W LI /4 4
sudt ngudén P = 80 MVA, : /
cos®=0,82 va hiéu suat lip dit
diénn =0,95.
So liéu:
e Thép:

- Khdi lugng riéng ¢ 1750°C: y = 6,9 T/m’.
- Ty nhiét: C, = 0,51 KJ ("K.Kg)
- Nhiét 4n: L = 180 KJ/Kg.

e Dié€u kién bén ngoai:
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- Nhiét do moi trudng: 0, = 20°C.

- Heé s0 tda nhiét ti thanh ngoai ra khong khi:
Ky = 50w / (m* . °K)
e Thé tich vom ciu c6 chiéu cao h va dudng kinh d:

2
V =7Z'_.h(£+h2J
6 ( 4

2
bé mit vom cau: S=7{d7+hzj
Giai :
1. Pudng kinh trong ciia budng dot.
Thé tich chi€m bdi kim loai néng chiy dugc cho bdi: V = m/y.
VG6i m : khoi lugng kim loai néng chdy, m = 100 tan.
v :khoi lugng riéng clia kim loai néng chdy.
Y =6,9 tin /m’.
100
Tirds: V =75g =14,49(m°)
Hay: V =14,5(m°)
Thé tich nay c6 thé bi€u dién:
- Thé tich ctia mdt phan ciu c6 chiéu cao h’ va dudng kinh d.
' (Sd 2 ,ZJ
VLN
6\ 4
- Thé tich clia phin than try cao h’’ va dudng kinh d 1a:
2
V=
4
Khi bi€u dién cdc gid trih’ va h” theo h
h=h: T
4 4
Ta nhan dudc bi€u thic vé thé tich chi€m bdi kim loai néng chay tinh
theo h va d: 2 2
COMVAE y _y, v, = 30307 19,1, Ahd
24\ 4 16 16

2
Hay: v —”—'h(5d2 +%] =145

Y
3 day h=115m
tw do:

2
7115 (o 9AA5)°) e
32 4

d =+/25,09 = 5(m)
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2. Bé day cua Iép vat liéu chiu hita bao quanh:
O phén tru:
Nhiét thong di qua 16p vt liéu chiu Ita bing nhiét thong tiéu tdn trén bé mit
ngoai.
Nhiét thong di qua 16p bao boc:

D= 27N 6, +6,); A=1,95w/(° K.m)
+e
In
f
1, 115
h'==h==""=0,2875m
4 4

r;  :bdn kinh trong cia 16p boc =2,525m
e. :bé day I6p boc chiu lta
0, :nhiét dd bé mit trong cla I6p boc: 8; =8, = 1750°C.
O, :nhiét d0 bé mit ngoai clia budng dot: O, = 150°C.
Nhiét thong tiéu tdn trén bé mit ngoai:
Nhiét thong ti€u tdn bdi doi Ivu va birc xa cho bdi:
® = Ky . 27h” (1] + €.) (6, - 0;)
v6i Ky = 50w / (m>.°K); 6, = 20°C.
Bé day ctia 16p boc chiu Iita :
Khi cho 2 bi€u thifc biing nhau ta ¢6 :

274 .h 6. +6,) = K, 2zah"(r, +&.)(0, +6,)
r+e,
In
f
Hay: (r.+e)In = 2,525+¢, _ 1,95(1750-150)

2,525 50(150-20)
Tir do e, =0,45m
O phan vom cau:
Nhiét thong qua 16p boc biing nhiét thong tiéu tdn trén bé mit ngoai.
Nhiét thong di qua 16p vé boc:
3 A7
T -1/(r, +e,)
Nhiét thong tiéu tdn tir bé mit ngoai:
D =K,.S(0,+6,)

(@, +6,)

T dé:
S =4x(r, +e,)’
Bé day 16p boc chiu Itta khi cho hai bi€u thifc bing nhau:

1

: 0, +6,) =K, 4z (r, +¢,)° (0, +6
1/ri+1/(ri+es)(' 0) = Ky dr(r +€,)°(0; +6,)

2
Ta co6: e_3+e5:z=0, hay:eZ +re, —rZ =0

e YA .
liT\/li - a1, L
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Vay:
A0, +0,) _195(1750-150) _ 0
K;.(0,+6,)  50(150-20) ’

Tir g6, ~2525+ J2,525% = 4.5525.0,48
o 2

Véiz =

=0,42m

3. Thoi gian can thi€t d€ nau chay:

Cong suit cung cAp ding dé:

- D&t néng va lam chay kim loai.

- B cho nhiét bi thit tho4t.

Ning lugng cin thi€t d€ dot néng va lam chay:

Q=m[C,(Ok.-06p+L ]
m = 100 tin; C,=0,51 KJ/(OK.Kg); L =580KJ/Kg
tir d6: Q = 100.10° [ 0,51 (1750 — 20) + 180 |
Q = 106230 . 10° (KJ)

Tén hao nhiét:

Nhiét that thoat qua thah bén clia budng dot:

Vom cau

1. Qua thanh bén:
®, = Ky . 275,h” (6, - 6,)
Mo = 1y + o =2,525 + 0,45 = 2,975 (m)
h” = 0,2875 (m).
Kr = 50 w/(m*°K)
0, = 150°C
0, = 20°C

Viy: @®,=27n.50.2,975.0,2875. (150-20) = 35 KW
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2. Qua vom cau:

2
D, = KT;{dTmf]:(es ~6,)

d =2.r, =595(m)
h, = h'+e, +e, = 0,8625+ 0,025+ 0,42 =13075m

R . 2
Tu do: D, = 7r.50(5’i5 +(1,3075)° J(150 —20) = 215644N
Vay: D, = 216(KW)

3. Cong suit tdn hao tdng:
® = Dy + D, = 35 + 216 = 251 (KW
Cong suat 10:
P, =P . ncosep =8000.0,95.0,82 =62320 (KW)

Thdi gian nAu mot mé: - Q
Pd
Q 1a nhiét lugng d6t néng va lam chay kim loai = 106230.10° KJ
Pd = P] - q)
Tur dé:
3
{ = 106230 . 10 = 28.5 (min)
62320 - 251
Vi du 6.2.

Mot dau bec plasma dugc cung cAp ning luong bdi mot ngudon dong cé
dac tinh von-ampe nhu dudc trinh bay trong (H.V.6.2).

Kho hd quang c6 chiéu dai 20mm thi dién 4p roi trén catot 1a 10V va trén
anot 12 8V. Pién trudng trong hd quang 13 7V/mm. Hay x4c dinh:

1. DPi€n 4p ditlén hai di€n cuc.

2. Dong dién hé quang.

Giai : 1
1. DPi€n 4p datlén hai di€n cuc :
U =U,+U+E.I 400 £

=10+8+7.20 300

=158V 200
2. Dong dién: 100
Tur gid tri U = 158V ta c6 th€ tra S T E— |
trén dd thi Von-ampe va nhin 50 100 150 200 250

dugc: 1 =190 (A)
Hinh V.6.2
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Vi du 6.3:

Hay x4c dinh dudng kinh cuc ti€u d,y;, cia mot dau bec plasma sinh ra tu
su phéng dién cao tan nhd cdm ng. Tan s6 cdm tng 12 7 MHZ. D6 din dién clia
khi ion 6 = 200 s/m (siemens/m).

Giai:

Pudng kinh di, clia plasma cao tan ¢6 lién quan dén d6 thAm siu d.

d>359

vGi: J= / 2 : o =2000S/m
OW LU,

w=27f =27.7.10° =147.10°(1/S)
o =47 107"H/m  u =1

o :\/ 2 5 —— =4,25mm
2000.147.10°47.10".1

budng kinh: d,;,= 3,5, 4,25 = 14,9 mm
Vay: dppin= 15 mm
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CHUONG 7
CAC THIET BI HAN HO QUANG

71. CO SO VATLY - KY THUAT CUA HAN HO QUANG:

Han hd quang 12 qué trinh tao ra su lién két cdc chi tiét tr cdc vat liéu
khac nhau khi 1am cho chiing néng chdy nhd hd quang. Pay 1a mot trong cdc qué
trinh cong nghé phd bi€n dugc tng dung nhiéu trong ché tao mdy va trong xay
dung.

0 qué trinh han hd quang, nhiét lugng cin thi€t @€ lam néng chay kim
loai nhan dugc sy phéng dién hd quang gita kim loai han va dién cuc. Dudi tic
dong ctia hd quang, kim loai néng chdy tir dién cuc (que han) dog lai trén chi tiét
can ndi, hinh thanh chau kim loai néng chdy, khi ngudi sé tao ra mdi han vitng
chic.

Han ho quang 12 qué trinh luyén kim va 1y — hod hdn hgp, x3y ra trong
kim loai & diéu kién nhiét do cao.

Khi han hé quang, cling v6i kim loai (16i que han) chat phii bao quanh que
han hoic chat vy han ciing bi néng chdy. Sau khi mdi han da dudc tao ra, xung
quanh né s& bdm dong chat xi tr cdc loai oxyde nhu SiO,, TiO,, P,Os, CaO,
MnO, FeO, BaO, MgO, NiO ... va cdc loai mudi tir cic chat khac nhau nhu CasS,
MnS, CaF, ... Chinh nhd 16p xi bAm nay ma hd quang dugc duy tri chdy bén
viing.

O han hd quang trong moi trudng khi bdo vé thudng st dung céc loai khi
nhu argon, argon — helium, nitrogen, CO,, hoi nudc, ...

Que han dung trong cong nghé han hd quang tay cé chiéu dai 450 mm, bi
chdy hét trong vong 1,5 d€n 2 phiit.

Khoi lugng kim loai néng chdy trén mot don vi thdi gian dugc tinh bing:

G=oa,l.t (7.1)

O day:

o,: hé s6 néng chdy, g/A git d6i v6i que han c6 16p thudc pha khac
nhau 12 vao khodng 7 dén 13 g/(A.gid)

I :dong dién hd quang, A.
t :thdi gian hd quang chdy, gid.
T6c do han (cm/gio) :

a,l

V=
y.F

(7.2)
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V6i vy :khdilugng riéng ctia kim loai nég chiy (g/cm’)
F :ti€tdién moi han, cm?.

Chiéu dai than hd quang 1 tir 4 d€n 7 mm. Nhiét @6 hd quang c6 thé dat gia tri
tir 4,5 .10° d&n 8.10*°K, dién 4p can thi€t d€ duy tri hd quang dao dong tir 18 dén
45V.

Que han diing trong cong nghé han hd quang tay bao gdm 15i kim loai biing
thép hoic hgp kim cé chita cdc thanh phan nhu sau: 0,1 + 0,8% C; 0,28 + 0,5%
Mn; 0,05 + 0,25% Si; 0,035% S va P va 16p thdc phli bén ngoai bao gdm mdt vai
thanh phan giff nhitng chiic ning va dic tinh dic biét nhu sau:

Titanium dioxyt (TiO,) hoic FeTiOs, ddy 1a thanh phin chinh giip cho que
han mau chdy vi tao xi nhanh chéng déng thdi 1a thanh phin dé ion hod, gitp
cho hd quang chdy &n dinh.

K, Al, M,SiO5: 1a thanh phan lam citng 16p thudc boc que han va gidp cho su
ion hod & khu vyc than hd quang.

Celluloza: day la 16p bot gb ... gitip d€ 1am gidm 4p sudt xung quanh hd
quang, lam ting dién 4p hd quang.

Metal carbonat: gitip d€ 1am gidm 4p sudt xung quanh hd quang.

Canxi florua (Calcium flouride): 12 chit dudc sit dung dé€ 1am cho que han dé
chdy va dinh hinh tinh chit ctia I6p xi bAm xung quanh m&i han.

Fe (Iron) vA MnO (manganese oxide): ciing dudc st dung d€ dinh hinh 16p xi
va gidp cho que han dé chady.

Hop kim sit mangan (Ferromanganese) va hop kim sit silicon (ferro —
silicone), dudc st dung d€ 1am cho 16p xi bam d& 14y ra khdi m&i han va d€ bo
sung mangan cho md&i han.

Khodng vt silicit (Mineral silicate), dugc st dung d€ lam citng 16p thudc
bao xung quanh que han.

Chat k&t dinh, dugc st dung d€ tron déu céc thanh phan trong thudc va lam
cho 16p thudc badm chic 1én 16i kim loai ci que han.

Bot sit: dudc st dung dé lam tdng sy dn dinh ho quang.

7.2. NGUON CUNG CAP NANG LUGNG CHO HO QUANG:

Ho quang dién va ngudn cung cAp choné (mdy bi€n 4p han) tao thAnh mot
hé thdng ning lugng thong nhit. HE thong nay, khi hoat dong s& xéc lap sy can
bing 6n dinh phu thudc vao dic tinh ngoai ctia ngudn cung cap: U, = f (I)

Diéu kién dé€ 6n dinh hé thong nay la:

¢ du, du, .
di - di
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Trong dé:
S :hé sb dn dinh;
U, :dién dp duy tri hd quang.
U, :dién 4p ngudn dién cung cAp.

Diéu kién d€ hd quang chdy 6n dinh vé co ban c6 thé dién gidi nhu sau : dic
tinh ngoai ctia ngudn cung cAp tai di€m lam viéc phai c6 d6 doc 16n hon d6 doc
clia dic tinh hd quang Uy, = f (I). Piéu ndy c6 nghia 1a khi dong dién bi&n thién,
dién 4p ctia ngudn cung cAp s& thay ddi vdi gid tri 16n hon so vdi su thay ddi cla
dién 4p hd quang. Vi du:

Khi dong dién gidm di mot
lugng 13 Al (H.7.1), diém lam viéc
s& dich chuyén tir di€m A, d€n di€m
A,. Pién 4p clia ngudn cung cip tai

di€m A, sé& c6 gid tri 16n hon gid tri
can thi€t d€ duy tri hd quang, diéu

nay s€ lam cho dong dién ting Ié€n
va di€m lam viéc s& ty dong tr§ vé Hinh 7.1

Nguoc lai khi dong dién ting 1én mot lugng Al, di€m lam viéc s& dich chuyén tir
di€m A, d&€n di€ém A,, khi d6 dién 4p cta ngudn cung cip s& trd nén nhd hon
dién 4p cin thi€t &€ duy tri hd quang, tir 6 dong dién c6 xu hudng gidm gia tri
va di€m lam viéc sé dich Chuyén tré vé Ao.

Ddi véi cong nghé han hd quang tay, nhi€u ddi vé6i sy 1am viéc clda hd quang
chi y&u 1a do sy thay d6i chiéu dai hé quang va do sy bién thién cta dién 4p
ngudn cung cip cho m4y bién 4p han. Pic tinh ngoai clia mady bi€n 4p han cang
ddc thi sy bi€n thién clia dong dién han cang it khi ¢6 sy thay d6i nhd cda chiéu
dai hd quang va hd quang cang chdy bén vitng. Anh hudng clia sy bié€n thién cla
dién 4p Iudi dién dwa vao mdy bi€n 4p han dugc bu dip khi gidm t6c do han.

Pic di€m 1am viéc clia mdy bi€n 4p han dugc xdc dinh bdi nhu ciu duy tri
sy chdy 6n dinh ctia hd quang. Tir dic di€m nay din d€n van dé 1a 1am thé nio
dé c6 thé diéu chinh dong va dp clla may bi€n 4p han trong pham vi rong, ddng
thdi dién trd cla mdy bi€n 4p va cla bd phan diéu chinh phdi mang tinh trg
khang.

Thong thudng dién dp duy tri hd
quang ddi véi may han hd quang tay 60
dugc x4c dinh la 30V. Dong di€n han
dugc diéu chinh bing cach 1am thay ddi
mdt s6 thong s cia may bi€n 4p han,
thong thudng nhat 1a lam thay ddi dién
khdng clia né. Khi thay ddi dién khdng

U, (V)
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s€ nhdn dudc ho dic tinh ngoai

clia mdy bi€n 4p han nhu dudc trinh

bay trong (H.7.2).

73. MOT SO PAC PIEM VE MAT LY THUYET CUA MAY BIEN AP
HAN:

1. Cac quan hé co ban:

Pé€ duy tri hd quang chdy mot cich lién tuc va han ché dong dién ngin
mach khi thuc hién viéc han hé quang cin thiét dién tr§ ctia mach dién phai 16n
va mang tinh cdm. O cdc may bién 4p dién lyc thong thudng dién khing cé gid
tri nhd con & cac mdy han hd quang dién khang c6 thé ting 1én nhd cic bién
phdp nhin tao : ndi dién khing ndi ti€p thém vao cudn diy thit cAp clia may
bi€n 4p, l1am cho dién khdng clia bin thAn mdy bi€n 4p ting 1én bing cdch lam
cho dién khdng tidn ctia cudn day ting 1én hoic bd tri thém cudn khing diéu
chinh ngay trong mach tr cia mdy bién 4p.

So d6 thay th€ clia mot may "
bi€n 4p han dugc trinh bay nhu & " 'f f v
trong (H.7.3), & day: R 1a dién tr8 : : . ?
thuan, L 13 tu cdm, M 13 hd cadm. | ’
Hinh 7.3

D41 véi may bi€n 4p mod td trong (H.7.3) cdc phuong trinh can bing dugc
vi€t nhu sau:
U, =R, + joll, + jaMl, (7.4)
O=U, +R,1,+ jal,l, + jaMl, (7.5)

Hé s6 hd cdm trong trudng hdp nay sé 1a:

M=K, ./L L (7.6)

Gy 01
O day: M 1a hé s6 hd cdm, Ky: hé s6 v€ quan hé tir.
Heé s6 tan tir o sé 1a:
oc=1-K} (7.7)

O mdy bi€n 4p thong thudng hé s6 quan hé tr Ky thudng c6 gié tri 16n con §
mdy bi€n 4p han, tf tdn o thudng cé gid tri 16n, vi vy hé s6 quan hé tir Ky s€ c6
gia tri bé. Sy gidm di clda Ky c¢6 thé dat dugc bing cdch 1am ting khodng cdch
gifta cdc cudn day so cap va thit cip clia mdy bi€n ap (H.7.4), b tri shunt tir gitta
ching (H.7.5) hodc c6 thé bo tri cudn khang diéu chinh ngay trén mach tir clia
mdy bi€n 4p nhu dugc trinh bay trong (H.7.6).
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=
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)

Hinh 7.6

Ngoai ra dé c6 thé dat dugc dic tinh ngoai ddc va diéu chinh dudc gid tri
dong dién han, cé thé sit dung nguyén ly 1am thay ddi dién khang tin bing cdch
thay d6i vi tri cudn diy sd cdp trong mach tif nhu dugc trinh bay trong (H.7.7)

B
/¢ Wy W <—"""——¢
U, u s~ Va Uy i Y
2
W, 4 iz
g— o
A U2

20—

Hinh 7.7
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O (H.7.7a), cho thdy ring, khi hai cudn diy so cdp W, va thit cip
W, clia mdy bi€n 4p dugc bd tri trén cling mot 16i thép clia mach t thi dic tinh
ngoai U, =f (I,) cia n6 c6 dang la dic tinh cdng. Trong trudng hgp cac cudn
W, vd W, dudc b6 tri trén hai 16i khdc nhau clia mach tr may bién dp (H.7.7b),
dic tinh ngoai clia né sé& c6 dang la dic tinh mém (c6 do doc 16n).

Pé thay déi dugc gid tri dong dién han, néi cidch khac di, dé€ c6 thé nhan dudc ho
dic tinh ngoai cia may bi€n 4p han cin phai thay d6i khodng cich x giita 2 cudn
day (H.7.4), thay d8i dd 16n & trong mach shunt tif clia mach tir mdy bién dp
(H.7.5 va H.7.6). Pdi véi loai may bi€n 4p han theo nguyén ly thay d8i vi tri
tuong doi gitta cdc cudn day W, va W, theo nguyén tic chuyén mach trén cudn
diy sd cAp nhu dugc trinh bay & (H.7.8) thi phdi ddm bio diéu kién W =const.

Trong trudng hgp nay dé diéu chinh gi4 tri dong dién han, c6 thé st dung bd
chuyén mach dé€ ndi tit cic di€m tuong Gng 1-1°,2-2°, 3-3°, 4-4’. P& ddm bao s6
vong diy so cip ludn khdng thay ddi thi cdc ndc diéu chinh méc ra tir cudn day
W, va W;- phdi ¢ sd lugng vong day bing nhau. Trong trudng hgp dé dic tinh
ngoai cda may bi€n dp han c6 thé dugc bi€u dién nhu trong (H.7.9).

2. So dd vector :
Khi thay ddi cdc dai lugng thi cap vé so cip c6 thé xay dung sd dd vector
cia mdy bi€n 4p han nhu dugc trinh bay trong (H.7.10).

|
¢*_-__‘_—‘""““3 W, i > U,
. S 1 1 P
P > :
W, 2
3 3
U, 4 4 )
£ S
@
Hinh 7.8
A U
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Vi hd quang chi chita dung
thanh phan dién trd thuin nén IR
vector dong dién I’, = OB trung
v6i vector dién dp U’, = OA.
Vector AC =1T1,. R’; la d0 roi
dién 4p trén cudn day thi cip
W, clia mdy bi€n 4p. Vector I, .
® L’ = CD chinh la st@c dién
dong tu cam va vugt 90° trudc
vector I’ ConI’; . 0 MW,/W, =
OD : sifc dién dong ctia hd cim.

Vector dong dién I, = OS sé
vugt truéc vector OD 90°, 1a
tdng cda cic vector I'; = OB va

vector dong dién tu hod Ipn =1, =
OF. Vector OF vugt trudc vector
stic dién dong cua cudn day thi Hinh 7.10

cip OE véi 90°.

Khi dich chuyén song song tam gidc AEDO sao cho né chi€m vi tri AOgH
theo huéng g.H ta c¢6 gK =I,0L; néu cong thém vdi vector KP = I,R; s& nhan
dugce vector OP =U;. Vector OH = -E; 1a vector stc dién dong cam dng tir tir
thong chinh. Cu thé 1a :

'~
f?(o( ‘
2

—E1=E'2:(I1+I'2)ja)Mv% (7.8)

2

Cac vector HK va CE la cdc strc dién dong cadm tng tir tir thong tin

. W
E,, = lijol, — 1 joM L (7.9)

2

. . W
E, =l,jolL, —Izja)MVT1

2
Khi cho trudc di€n dp U; = OP vector EH phu thudc vao gia tri sttc di€én dong
cdm ng tlr tir thong chinh va tir thong tdn. N6 sé thay d6i gid tri va quay trén
dudng tron tam O.

Tu tdn 16n & mdy bi€n 4p hd quang gay ra su léch pha 16n W, giita cic vector
U, va E,. Su 1éch pha giita céc vector I, va U, bing tong cic géc pha :
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Q=¥ ,Yo+v (7.10)

Trong dé ¥, 1a géc 1éch pha giita cdc vector E; va ¢y, v 1 géc 1éch pha ban dau
glﬁa Il va Ul.

3. Diéu chinh dong dién han :
Khi ¢6 ngdn mach bén thit cAp cda may bi€n 4p han (do qué trinh mdi hd
quang), dong dién so cap s€ 1 :
_ Y, (7.10)

In
LY i
R, +R,. C = + (oL, .0)

021

Néu bd qud dién trd thuin clia cic cudn diy sd cAp va thif cap, ta c6 :

Z, =L, 1, = Y, (7.12)
. oL, .o
R 2
Nhung vi : oL, = VL; suyra:
u
U,R e.R
St S L (7.13)

" WS.o - Wz .o
Vi e : s0 vong /volt; R, : tf trd tdn cda mdy bi€n dp han.
Tuong tu, c6 thé nhan dudc bi€u thic vé dong dién ngin mach bén thi cip
nhu sau :
_ UR, W, _ eR,
WEoW, W,o

(7.14)

Tur bi€u thitc (7.14) nhan thiy ring dong dién ngin mach thi cap I,, § U, = const
c6 thé€ thay ddi khi thay d6i gia tri cia mot vai dai ludng e, R, Wy va o.

Suy ra ring su thay ddi dong dién I, c6 thé dat dugc khi :

- Thay d6i s6 vong diy, k€ cd s6 vong diy cla cudn diy so cap. C6
nghia 13 thay ddi s6 vong / volt e.

- SW dung shunt tr, trong d6 khi thay ddi tir trd cda shunt tit, bing cich
thay d6i khe hd khong khi 8.

(H.7.5) s€ lam cho R, thay doi.
- Thay ddi s6 vong diy W, clia cudn day thit cAp mdy bi€n dp han.
- Thay ddi dong thi W, va R,..

- Thay d6i vi tri cia cudn day W, so v6i cudn day W, (H.7.4 va H.7.8),
s& lam cho R, thay d6i.

4. Vidu tinh toan :
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Hiy tinh todn mdy han hd quang mdt pha. Dong dién han diéu
chinh biing cudn khing bd tri ngay trén mach tf mdy bi€n 4p (hinh 7.6). M4y
bién 4p c6 cdc thong s6 k§ thuat chinh nhu sau :

bién 4p sd cAp dinh mifc : U; = 380V.
Dong di€n han cuc dai : I, =550 A
Ché& do 1am viéc : TL = 65%.
Dién 4p khong tai thit cap : Uyy = 62V.
Tan 6 f =50 Hz
Giai :
A. Tinh todn may bi&n 4p gidm ap :
1. Xdac dinh cdc gid tri tuong duong :

| A= =550 / 65 = 443A,
100

P, =1, U5 =550.62= 341KVA

P, =P, /1T0L0 27 5KVA

P, =K,.P, =1,08.341=36,8KVA

P, =P. ‘/TL =29,7KVA
100

Vi : Ko 12 hé s tinh dén tdn hao cong suit trong 16i thép mdy bién 4p.
|, =P, /U, =36,8/380=97A

L, =1 E78 2A
*100

D

Chon gia tri tir cdm : B = 14000 gauss
Mait d6 dong dién : J, = 2,5 A/mm’
Xac dinh ti€t dién 161 thép :

W

=124cm®

s —K P.2.10°  /29700.3,5.10°
B\ 50.1400025
Khi cudn day c6 ti€t dién hinh chit nhit c¢6 thé chon Kg tir 0,55 dén 0,6.
o :ty sO gifta trong lugng sit trén trong lugng dong, chon o = 3,5
1 1

S=—75, =——.124=135cm?
K. * 0,92

e

K. : hé s6 ép chit 16i thép, chon : K. = 0,92
Chon ti€t dién 16i thép c6 dang hinh chit nhit véi ty 1& giita chiéu
rong va chiéu sau b/a = 1,45.

az |5 1 928
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Chon a=9,3cm, vay b= S/a = 14,5cm.
5. Xdc dinh s vong day :

Twrds: y _Yi_ 380

=—1=——=098von
' e 389 J
W, =W, = Ya _ 98. 62 =16vong
U, 380
6. Xac dinh ti€t dién va kich thuéc day dan :
I, 782 2
=—t=——=312=a,xb, =7,76x5,7mm
ql Jt 2’5 al 1

Vi diéu kién tda nhiét ca cudn diy thit cAp t6t hon so vdi cudn so cap,
chon mat do dong J = 3,2A / mm®.
| 443
g, = -2 = — =138=12,6x6,5 = 2xa,xb,mm?
3, 32
7. Cudn day sd cAp va thif cAp c6 ti€t dién hinh chit nhat va dudc dit 1ong
vao nhau. Cudn day so cap dit bén trong. C4c cudn diy dugc bo tri §
c4 2 bén 16i clia mach tir va ching ndi ti€p vdi nhau. Cudn day thit cap
dit & bén ngoai va dudc bd tri cd § 2 bén 16i cia mang tr va ching
dugc dau song song vdi nhau.

Néu khong cé bién phap dic biét can phai luu y thi bé rong clra s6 clia
mach tif sd bo c6 thé 14y biing bé rong cia 16i, chiéu cao cé thé 14y gip 2 t6i 3
1an bé rong. N&u cudn diy sd cAp quay thanh 1 16p thi chiéu dai cda né sé 1a :
H, =K., (\% 4 1ja1 - 1,05(% + 1]7,76 — 418 mm.

Véi @6 dai nhu vay, khong thé vira véi cifa s6 clia mach tir, vi vy chon
cach quan cudn day so cip thanh 2 16p. C4ch dién 16p, chon 1a bia day 0,12mm.
L6p thit nhat duge quan véi W’ = 25 vong va 16p thd hai W”, = 24 vong. Khi d6

H.y = Ko (W’l +1)a, = 1,05 (25 + 1) 7,75 =212mm
Cuon day thit cAp c6 thé quan thainh mot 16p :
H.y = Ko (W’l +1)a,= 1,05 (16 + 1) 12,6 = 220mm

Cudn day sd cap dudc quin 1én khuon quin ¢ kich thude ak x bg = 105 x
160mm?>. Canh khudn c6 ban kinh R = 10mm. Chiéu dai khuén Lg = 245mm.
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Gifta cudn day so cAp va thit cidp sé chira rinh 1am m4it A;, = 10mm.

Kich thuéc cdc cudn day s€ la :
d=m(b;+A)KA=2(,7+0,12) 1.15=13,5mm.
O,=mb,.A=1.6,5~8mm.
012=01+A,+5,=13,5+10 + 8 ® 31,5mm.

Trong céc bi€u thic trén :

8, : bé day cudn diy so cdp

8, : bé day cudn diy sd cip
8., : tdng bé day hai cudn 1dng vao nhau.
Khodng céch gitta truc cda 2 16i cia mach tur :
A=a+28,+A,=105+2.31,5+ 10 =208mm
Citra s6 mach tir :
C=A-2a=208-105=103mm
8. Xdéc dinh trong lugng diy quan dién trd va tdn hao trong cudn day :

Chiéu dai trung binh ciia c4c cudn day :
o :251_2R:+ 01—2R327Z'(R+%j

=2 [K05-2.10 + €60-2.10 } 27{10+%)

=450+107 =557mm.
2 :251_2R:+ 61_2REZE[R+51+A12+%)

=450+ 235=685mm

G., =y.1,W,.0,.10°=89.557.98.334.10"° =16,5Kg.
G,, =rL,W,2q,.10° =89.685.16.2.67,2.10° =13Kg
r, = pot _ 0212 929798 _ 5330

1 !
r,= pM = O,OZlZ.M =0,00176Q

q, 2,672

Tén hao trong céc cudn day sé Ia :
G TL = 100%
Piw=11.1%,=0,033.782% =200 W
Py =1, . 5= 0,00176 . 443° =345 W
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Téng tdn hao trong diy quan & TL = 100% - 545 W

O TL = 65%
Piw=11.1°,=0,033.100° =330 W
Pyeu =1, . 1% =0,00176 . 550° =530 W
Téng tén hao & TL = 65% - 960 W

9. Xaic dinh trong lugng mach tif va t6n hao trong mach tir.
Mach tir dugc lam tir thép k¥ thuat dién ghép ma hiéu 1311 vdi tdn hao :
PIO = 1,3 W/ Kg
G., =y.2(H+B)S.10°
=7,6.2(245+300.125.10°°) =103Kg

2 2
p. = Kf.Plo(i) G, =1,1.1,3(@j 103=287W
10.000 10.000

10. Tinh todn dong dié€n khong tai :

I, :i(H.I +O,88.n5.A5
W, J2
1 6,8.14000x4x0,003
=—(4.101,2+-— —)=51A
og(+10L 7 )

1,% :I—°.100:E.100:5,25%
I, 97

Trong do6 :

As - khe hd khong khi twong duong cia mach tir § nhitng chd ghép, c6 thé
chon trong khoang As 0,001 = 0,004 cm.

n; - s6 lugng mdi ghép clia mach t.

Tur dudng cong tif hod cla thép k¥ thuat dién 1311, tai :

B = 14000 gauss, x4dc dinh H =4 A/cm.

| = 2(H +C)+27za/2:2(245+115)+27r9—23

=1012mm =101,2cm.

11.Hiéu suit :

P, 30.550
n =—=2 _____100= .
P, + P, + P 30.550 + 860+ 287
= @.100 =93,5%.
17647
12.X4c dinh dién 4p ngin mach :
1 W]_ i
r =nHr, =) ot
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0,+9, 135+8

Sy =Ap+ =10+ ~171cm
U oy _ATW,81,10°  45055016.171685.10°
& el 3,89.24,5
— 2,26%

U% =U,+U,=19+226=416%

0,
o _U%rU, 416380 0

1001,  100.97
Z =r2+x?=0099° + 0163 =019Q
U % =201 100- 91997 4 ee0s

1
13.Tinh todn phit néng.

Cudn ddy so cap.

Bé miit trong va ngoai clia cudn day :
S, =2H.2lp,=2.21,2.55,7=4700 cm®

Bdi vi cdc bé mit tda nhiét clia cudn diy so cAp déu ndm bén trong cudn
day thit cap, vi vay :

S,, =0,5.5, = 2350cm?
4
A6, = Teo g0 2 20010 _ o5 o
.S 13.2350

Itn
Cudn day sd cip c6 2 16p, c6 bé day nhd va tda nhiét cd & 2 phia cla cudn
diy, vi vy cdch nhiét gifta nhiét dd bén trong bé day cudn day va & trén bé mit
ctia n6 vao khoang 3-4°C.
Cuédn ddy thit cap.
B& mit ngoai cudn day thit cAp hd ra ngoai khong khi vi vy bé mit tda
nhiét chung sé& 1a bé mit ngoai cong thém mot nita bé mit trong.
S, =2H.150l,, = 2.22.1,50.68,5 = 4500cm’
4
Prs gt _ 34510° _

2cu

@S, ~ 134500

AB, = 59°C
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B. Tinh toan cugn khang :
Cudn khéng dugc bd tri trén cing mot mach v6i may bié€n 4p (H.7.6)

1. Do roi di€n 4p trong cudn day :

2. Tu cdm trong 16i thép : B = 11.500 gauss
3. Ti€tdién16i: bex =b = 145 mm.
Chon ack = 105mm, S, = Kge.ack . bex = 134cm?
4. Xéc dinh s6 vong day :

S6 vong / volt

€k = : B.S, = L .11500.134 = 3,43(v/vong)
450.000 450.000
WCK = Ui = % = 16vong
e 3,43

5. M4t do dong — Chon j =3 A/mm’
6. Ti€tdién day dan :
J,, 443 )
=—==——~150(mm
Qo =573 (mm?)
7. Céc dinh kich thudc cudn day :

Cudn diy dudc quin tir thanh ddng tran c6 kich thude : a x b = 5 x 30mm”
quan bé lung. Cdc vong day cdch nhau A = 3mm. Bé cao cudn day :

Leck =a(We+1)(Wek-1)A
=5a(l6+1)+(16-1).3 =130 (mm).

Céch dién 16t gitta cudn day va mach tif ¢c6 bé day 1a Smm, khi d6 bé rong
clra s6 s& 1a :

C=Lxk+25 ‘
8| =% py o
=130 +2.5 o {
! E
= 140 (mm) - J
Hinh dang ctia mach tir mdy han ] | ’
dudc trinh bay trong (H.7.11). Trong 5| @ s L
lugng mach tur : T c\[
Gre = 112 Kg. J 9 k—t40— o
— _ . i /\b.‘ﬂ _
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Tdén hao :

Pre =312 W
[,=528 A

Chiéu dai trung binh clia vong diy ctia cudn khing :
Lexn = 2 [ (ack — 2R) + (beg — 2R) + 27 (25 + 25/2) |
= 2 [ (150-2,25) + (225-2,25) + 27 (25 + 25/2) ] = 745mm
Trong lugng cudn day :
Gex = Wy l,0.10°° =8,9.16.74,5.15010°° = 16Kg

l. W 0,7450.16
Ly = p2—=" =0,0017(Q2
ck =P q 150 ()
B& tri cudn khdng trén mach tr mdy bién 4p dugc md td nhu & trong

(H.7.12)

8. Tdn hao trong cudn khang sé& 1 :
OTL=65% P, =r,.12=0,0017.550 = 514(W)

—cKh2

G TL = 100% P, =0,0017.443" —333(W)

9. Mach tit cudn khang :
Gr, =G, +G, =754 (C+22).10° + 2.5.2H.10°

=7,6.134(14+2.9,3).10°° +7,6.125.2.5.10 ° = 43(Kg)

Tén hao :
2
P P 4P -KuPy —L |G, +KuP ij@
P = T T A0l 1060 ] P8 T AT\ 10000 )
2
= 1,1.1,3.(@j 332+ 1,1.1,3(@}9,5
10000 10000
= 62+21=83(W)
S
B, =B-2= 11500.13—4 =12300(gauss)
S, 125
+«— 205 o ()
CL t 45 1 ‘. /Sth
v o |~ $
G 7
1 ==
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CHUONG 8
THIET BI POT NONG NHO
CHUM TIA ELECTRON

8.1. CO SG VAT LY - KY THUAT CUA POT NONG NHG CHUM TIA
ELECTRON :

P46t néng nhd chum tia electron dugc ¢ng dung trong cic cdg nghé han,
nau chdy kim loai dic biét 12 doi véi cdc vat liéu khé néng chdy va vat liéu cé
tinh tich cuc héa hoc cao, trong cong nghé thu nhin don tinh thé, hod cling va
phti bé mit kim loai.

Phuong phdp nay cé nhitng uu di€m sau :

- C6 kha ning di€u chinh nhuyén va rong suit ning lugng trong khu vuc
dot néng.

- C6 cong sult don vi I6n (tr vai KW dé€n vai MW) § vi tri tac dong clia
chum tia.

- C6 kh3 ning diéu chinh dugc huéng tic dong clia chim tia nhd hé
thong tao tir trudng.

- C6 kha ning gia cong trén mdt khu vuc ¢6 kich thude it nhé cia chi
tiét.
Nhugc di€m chd y&€u cla phuong phdp gia cong nhd chum tia electron la
phai ddm bdo d6 chan khong cao, qué trinh chuin bi cho viéc gia cdng phic tap,
trang thi€t bi dit tién va van hanh phic tap.

Trong thi€t bi loai nay, chum tia electron lam nhiém vu chuyén ning
lugng tir bd phat xa dén sdn phﬁm. Trén hanh trinh cia minh céc electron dudgc
gia toc va nhan dong ning ty 1& véi tdc do, nhd d6 ching c6 thé chuyén ning
lugng dén doi tugng gia cong.

Céc electron trong hanh trinh cdia minh sé bi mat mét ning lugng khi
chiing bi va dap vé6i cdc nguyén tif va phan tif trung hoa, vi vay cin phdi ddm
bdo do chan khong cao trong budng cong tdc cda thi€t bi. Ngoai ra, di€u nay rat
cin thi€t d€ bdo vé cho catot khdi bi cic ion duong bin ph4.

Niing lugng ma electron thu nhan khi thodt ra khdi catot va dugc gia tdc
big dién trudng.

We=m..v/2=¢,.U (8.1)

O day : m. . egla khoi lugng va dién tich electron.
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U — dién ap dit gifta cic di€én cuc (V)

Cong suat clia chum tia electron.
P = .Uy (8.2)
Véi I — dong di€én chum tia A.
U, — dién 4p gia tdc (V)
Cong suat don vi cia chim tia.
Pu=P /S =1,. Uy /(n1) (8.3)
Trong (8.3) : S, 1, — ti€t dién va ban kinh cda chiim tia trén bé miit chi tiét.

Téc @b electron trén bé mit chi tiét :

v=./2eU,/m, 8.4)

D6 tham siu cda electron (m) vdi ning lugng 5 d&€n 100 ev, c6 thé xdc

dinh bgi cong thic :
b=2,1.10" .Uy .y (8.5)

v6iy - mat do vat chat kg/m’

khi bé mit kim loai bi chum tia electron bidn ph4, né bi néng 1én dén
nhiét d6 11000°K va 16n hon. Vi vay né s& tr§ thanh ngudn phit xa electron thit
hai.

Cong suat phét xa electron nhiét :

Ppx =1k /€9 (¢ + 2 KT) (8.6)
Trong do6 :
I,x — dong di€n phat xa nhiét.
¢ = cOng cuia electron thodt ra tir dién cuc cla cathode (ev)
K — hiing s6 Bolzmann, T — nhiét d6 (°K)

Tuy cong sudt phat xa electron nhiét nhé nhung dong dién hap thu vao
trong thanh clia budng d6t c6 thé dat gia tri tir vai chuc t6i vai trim ampére.
Ngoai ra, mot phan clia chum tia bi phdn xa tir bé mit va dudc hap thu vao trong
thanh cda budng d6t. TAt ci cdc hién tugng vira néu lam cho cong suit ton hao
cla chum tia electron 1én dén tr 5 — 10% do6i vdi kim loai nhe va tir 15 — 25%

ddi véi kim loai niing (cé ty trong 16n) va dnh hudng dén sy cin bing clia thi€t
bi.

8.2. KET CAU THIET BI CHUM TIA ELECTRON :
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TAt ca céc thi€t bi chim tia electron déu c6 cic hé thong chung, gidng
nhau vé chifc ning cong tic va vé nguyén ly hoat dong. K&t cAu thi€t bi chim
tia electron bao gdm hai khdi chinh : khdi ning lugng va khdi co cau.

1. Khoi ning lugng :

Kh&i nay bao gdm sting phéng electron cling v6i bd cung cAp ngudn va hé
thong diéu khi€n huéng tic dong clia chiim tia electron.

Sting phéng electron 12 thi€t bi, & d6 tao ra sy phat xa electron tir dién cuc
catot va hinh thanh chum tia electron trong di€n trudng va tir trudng.

Phan 16n cdc thi€t bi d6t néng nhd chum tia electron 13 thi€t bi ndu chdy
kim loai.

1- Budng céng tac; 2 - Catot; 3 - Chum tia electron;
4 - Chau kim loai néng chay; 5 - Théi kim loai duc; 6 - Bé két tinh;
7 - Dién cuc anot; 8 - Anot

Hinh 8.1

So dd don gidn nhat 12 so dd thi€t bi chiim tia electron c¢6 dién cyc hinh
xuy€n (H.8.1a). & day anot chi lam nhiém vu niu chdy kim loai.

bién cuc catot dugc dot néng t6i nhiét do 2500°K do dong dién chdy qua
day dan dién hinh xodn 10 xo, dudc 1am tir wolfram.

Anot — dién cuc ndu chdy dong thdi ciing 1a chau kim loai néng chdy va
thdi kim loai duc.
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Catot dudgc phi mdt 16p molibden (Molybden) 1am nhiém vu mang chin
va dinh huéng chliim tia electron vao chiu kim loai néng chay.

Pau tién, dién cuc anot niu chdy bi bin ph4 bdi chim tia electron, nhiét
dd clia n6é ting din dé€n nhiét d néng chdy tai viing tic dong cla chiim tia
electron trén bé mit clia dién cuc anot. Tir dién cuc anot, kim loai néng chay
nhd giot xudng chau kim loai nég chdy & phia dudi (cling mang dién thé€ duong).

Théi diic kim loai dudc hinh thanh nhd sy tic dong clia hé thong két tinh
ding nudc.

Hinh 8.1b : trinh bay nguyén 1y clia thi€t bi chum tia electron dién cuc
Catot bd tri xung quanh (theo huéng kinh) dién cuc anot niu chdy. Ludng
electron phét xa tir catot dugc dinh hudng tdi chidu kim loai néng chdy nhdg tic
ddng ctia cac anot hinh xuyén. D€ ting cong sudt cta thiét bi loai nay thi cAn
ting sO luong dién cuc phit xa electron.

C4 hai loai thi€t bi vira néu & trén déu hoat dong vdi dién 4p gia tdc
khoang 15KV.

Thi€t bi nidu chdy chim tia thudng dugc st dung dé niu lai thép,
molibden, niobium va cdc chat khé nau chdy, ¢6 tinh tich cyc héa hoc cao.

Cong sudt thi€t bi ¢ thé dao dong tir 50 d€n 2000KW.

Ngudn cung cip cho cdc thi€t bi chim tia electron thudng 1a cdc thiét bi
dién mot chiu, diép 4p cao bao gdm : mdy bi€n 4p ting 4p, thi€t bi chinh luu
dong dién xoay chiéu dién 4p cao. C6 thé ghép tir cic dén tisatron (thyratron)
hodc tir diode selene hodc silicium.

Catot 12 mdt trong cdc thanh phan quan trong nhat cla thi€t bi, dugc ché
tao tor cdc kim loai kh6 néng chay nhu : W, Ta, Mo.

2. Khéi co cau:

Bao gdm budng cong tic, hé thong tao chin khong, hé thong dinh vi va di
chuyén san phaim, hé thong quan sit qua trinh di chuyén, hé thdng bdo vé nhan
vién diéu hanh d€ trdnh sy tic dong clia tia rongen cong vdi hang loat cic thiét
bi va co ciu phu trg khic.

Budng chian khong 13 thanh phin co badn cda thi€t bi, né xdc dinh loai quy
trinh cong nghé va la thanh phin phifc tap va quan trong bac nhat trong khdi co
cAu n6i chung. Budng chian khdng phai kin, bén vitng, vat liéu ciu tao budng
chan khong phai hap thu dudc tia rongen.

Chdc ning quan trong ctia hé thdng tao chan khong 1a phéi gitt dugc do

chin khong can thi€t trong budng cong tic. Ap sudt budng cong tic la vao
khoang 10" dén 10™* Pa.
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K&t cAu clia hé thdng dinh vi va di chuyén sdn phim dudc xdc dinh bdi
dang cdng doan thyc hién. Pon gidn nhat 1a k&t ciu trong thi€t bi ndu chdy chum
tia, tuy vay ciing phai ddm bdo tir 5 dé€n 6 dang chuyén dong khac nhau vdi sai
s6 vi tri tir 1 dén 5 pm.

8.3. UNG DUNG TRONG CONG NGHE CUA THIET BI POT NONG
CHUM TIA ELECTRON :

Cé4c cong doan cdng nghé co bin clia d6t néng nhd thi€t bi chim tia
electron c6 thé phan chia mot cach tuong d6i thanh 4 nhém : nau chdy (cong
nghé nau chdy trong chan khong, nau chdy cuc bd), Iam bdc hon (lam bdc hon
trong chan khong, gia cong kich thugc nhd chiim tia electron), x 1y nhiét (khong
lam thay d6i trang thdi lién hop cia vat chat), han.

1. Cong nghé niu chay :

Chum tia electron trong chian khéng dudc ttng dung trong nhifng trudng
hdp can phdi nhan dugc kim loai c6 do tinh khiét rat cao. Phuong phdp nay cé uu
di€m so v6i nidu chay trong 10 hdé quang chian khong va 10 cdm tng Vi né cho
phép c6 su tinh luyén kim loai néng chdy trong chiu sau khi di chAm dit giai
doan lam chay dién cuc, cling nhu thyc hi€én cic qua trinh 1y hod khac, ma trong
cic 10 chan khong dang khac khong thé thuc hién dugc mot cdch hoan toan hoic
hoan toan khong thé€ thuc hién dudc.

1- Sdng dién td

2- Bot kim loai nau lai
3- Chum tia electron
4- Khdi kim loai dac

5- B& k&t tinh ﬂ<

... -
° 2 /»/2
R e

.0. ///

:‘,' o 122228

Hinh 8.2

DP6i v6i cdc qud trinh cdg nghé c6 lién quan dén viéc dOt néng vat chat
trong thi€t bi chim tia electron. Suit ning lugng can thi€t cda chim tia Ia :
1

N, =3,47AT,, —————
d, lg(d, /d,)

(8.7)
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d day :

N, — suft ning lugng.
d; — dudng kinh chiu kim loai néng chdy m
A - hé s& din nhiét cda kim loai W/m°K

T, — nhiét d6 néng chiy, °K

d, — dudng kinh cta phan c6 nhiét dd khog d6i.

Péng vai trd quan trong trong cong nghé nau chdy nhd chum tia electron

l1a chan khong.

1. Trong chan khong dién ra sy tich khi khdi kim loai mot cdch mau
chéng. Nhd dé 1am cho céc tinh chit co cia kim loai tot 1én, dic biét

12 tinh dan hoi.

2. Mot vai tap chat bi phan rd khi bi d6t néng trong moi trudng chin

khong, nhd kim loai ¢6 thé dugc tinh luyén trong cédc thi€t bi chum tia

electron.

3. Khi nau chdy kim loai trong chan khong mot céch lién tuc sé dién ra
su tidch cdc sin pham tao khi ra khdi khu vyc phin tng.

Su niu chdy kim loai & dang bot, hat dugc trinh bay trong cdc (H.8.2) va

(H.8.3).

1- Sung phéng dién td
2- Chum tia electron
3- Kim loai nau lai

4- Bé két tinh

2. Su bdc hoi trong chian khong :

N\,
A 7

Hinh 8.3

Khi d6t néng vat liéu biing chim tia electron c6 thé Gng dung trong cong
nghé bay hdi, nhd d6 co thé nhan dugc 16p phti (ma) bé mit tdt. Khic véi cic
phuong phap khic ning lugng 1am bdc hoi vt liéu tic dong truc ti€p 1én bé mit
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vat liéu bdc hoi. Piéu nay cho phép lam bdc hdi vat liéu ngay trong bé két tinh
bing nudc, vi vy né dic biét quan trong khi phai x{t 1y cdc vat liéu ¢ tinh tich
cuc hod hoc va khé néng chay.

Ma bay hdi nhé chum tia electron dugc ttng dung trong cong nghi€p vi
dién tr d€ tao 16p phii kim loai khac nhau 1én bing thép, ¢ thé tao 16p ma kim
loai 1én trén nén cla c4c vat liéu khdc nhu : SiO,, ALLO; hoic cic loai kinh ...

Sd @6 nguyén ly ctia thi€t bi chum tia electron diing d€ ma bay hdi dugc
trinh bay trong (H.8.4).

Tu phéu 5 chat bay hoi dugc dua
vao trong bé k&t tinh diung nudc 9
thong qua voi 7 dudc by lam rung 6
tic dong 1én. Pudng di cda chum tia |
electron 3 do sing phéng 1 tao ra, \
dugc lam cong nhd hé théng 2, dinh |-
huéng vao chit bay hoi 8. Dudi tic
dong clia chim tia electron 1én chat
boc hoi, né bi bdc hdi, ciac hat bay hdi
dong lai 1én trén bé mit clia tAim phd
nén 4 hinh thanh 16p xi ma t6t. Pinh
huéng chum tia nho tr trudng cho phép
dit siing phong electron & vi tri bat ky.

Hinh 8.4

3. Gia nhiét nho tac dong cia chum tia :

Chti y&u 1a do tdc dong cda chim tia electron 1én trén bé miit cla chi tiét
gia nhiét mdt cach cuc bo. Ngoai ra con cé thé ng dung d€ 4 vat liéu trong chan
khong dé 1am ting tinh dan hdi cda né va lam sach bé mit chi ti€t nhd cha't khi
hap thu.

4. Han nho tac dong chum tia electron :

La mot trong cdc ng cong nghé phd bi€n nhit nhd chiim tia electron,
dudc ti€én hanh nhd chum tia electron, dudc ti€n hanh nhd chum tia electron
manh dudc chi€u t6i moi ghép gitta cdc chi ti€t va d6t néng né 1én dén nhiét do
néng chdy. Pudng han nhd chim tia electron sach, khéng bi 1an khi, cdc chat
oxit va tap chat. Ning lugng 1am néng chdy vat chat nhé hon nhiu so vdi ning
lugng diing trong cdc phuong phap han dang khac, diéu nay c¢é dugc 1a do su tap
trung ning lugng cao § tiéu diém clia chim tia electron.

Thong thudng dd sdu cua 16p kim loai néng chay nhd tac ddng clia chum
tia c6 thé 16n hon bé rong clia ma&i han. N6 phu thudc vao téc d6 han va nhiét do
dot néng sd bd vat han.
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Thi€t bi han chim tia electron c6 th€ dudc chia ra thanh 2 loai : thiét bi
dién 4p thap lam viéc vé6i dién 4p gia toc d€n 15 — 20KV va thi€t bi dién 4p cao,
lam viéc véi dién 4p gia toc dén 150 — 200K V.

K&t cau thi€t bi han 1am viéc véi dién 4p gia t6c dén 15 — 20KV, khong
khdc nhiéu so vdi thi€t bi chim tia electron diing & cdc cdng nghé khic. Tuy
vay, ciing c6 mot vai di€m khdc biét vé phuong dién két cAu ciing nhu so dd.
Trong thanh phan k&t ciu clia thi€t bi han chim tia electron c6 thém mot s& bd
phan dic biét : budng han chin khong véi hé thong bom chian khong, siing
phéng electron véi ngudn cao dp mot chiéu.

Budng chian khong thudng dugc trang bi hé thdng din nudc lam mat, hé
thdng cung cip ning lugng cho catot, cho hé thdng tao tif trudng ... Budng chan
khong dugc bé tri cc ctta dic biét d€ c6 thé dua cic chi ti€t gia cong ciing nhu
céc dung cu phuc vu cho qué trinh cong nghé vao, ngoai ra xung quanh dugc lip
dit cdc dung cu dé xdc dinh midc dd chin khong & cdc phan khic nhau cia
budng chan khong.

Hién nay, cong nghé gia cong chum tia electron dang dugc tng dung rong
rdi trong cong nghiép.
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CHUONG 9
THIET BI LASER

9.1. NGUYEN LY LAM VIEC CO BAN CUA LASER :

Nguyén Iy co bdn ctia mdy ph4t laser 12 sy phdt ra séng 4nh sang don sic
duéi tic dong clia sy bifc xa cAm ng (cudng bifc). Laser 1a chif viét tit clia cAu
ti€ng Anh “Light Amplification by Stimualted Emissio of Radiation”.

Theo dinh luat co hoc lugng i, ning lugng cla sy chuyén dong tuong doi
cia hé thdng cdc phan tif lién k&t bat ky khong phai la tiy ¥, ma dudc x4c dinh
boi hang loat gia tri, dudc goi 1a cdc mitc ning lugng E,, E,, E,, Es, ... nim trong
hé thdng phd ning lugng.

Trong trang thdi cAn bing nhiét dong, phan bd nguyén t theo cidc mic
niang lugng khac nhau tuin thu theo dinh ludt Bolzmann :

N,/N, = ¢ (B2~ EI/KT ©.1)
G day : N, Ei, Ny, E, — tudng tng dugc goi la s Iugng nguyén tf va ning
lugng ctia chidng & mic 1 va 2.
K — hiing s6 Bolzmann.
T — nhiét do.
Trang thdi cda mot phan tf bat ky c6 thé thay doi, khi né tic dong tudng
hd véi trudng dién tir hoic vdi cdc phan tir khic.
Khi chuyén ning lugng tif mitc cao E, xuéng mic thip E,,, cidc phin ti
phat xa séng dién tir. Tan s6 cla cdc séng dién tir v dudc x4c dinh bdi bi€u thifc:
v=(E,- Ep/h (9.2)
v6i: h=6,62.10"* (J.sec) — 12 hiing s& Planck.
Ngudc lai, khi chuyén ning lugng 1én mifc cao, cic phin tif ¢6 thé hap thu
séng dién tif cling tin s0.

Nhu viy, trong cdc trang thii dirng clia nguyén ti, electron chi chuyén
dong xung quanh hat nhan theo nhitng quy dao c6 ban kinh hoan toan xdc dinh
goi la quy dao dung.

Séng dién tir & tAn s6 bat ki, k€ ca séng dnh sang tu ban chinh 12 dong clia
cdc tang ning lugng — céc photon c6 tan s6 khdc nhau. Ning lugng cia mot
photon chinh bang: E, - E,, =h. v
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Cong thiic (9.2) phan dnh ludt bdo toan nang lugng khi c¢6 sy tac dong
twong hd cud cdc photon bing nhau. Theo d6, ning lugng phét xa hodc hap thu
phton dugc x4c dinh bdi su thay d6i ning lugng clia nguyén tif:

Nhu vay, su thay d8i trang thdi dirng ctia cdc nguyén tif chi x3y ra khi c6
su tac dong tuong hd vdi photon & tin s& cong hudng Ly,

Umm = Eq— En (9.3)

Theo thuyé&t lugng tif clia Anhxtanh, qué trinh tdc dong tudng hd giita séng
dién tir va vat chi't bao gdm 3 tic dong co ban: hap thu photon, phat xa photon tu
nhién, phat xa phton cudng bitc. Néu nguyén tif nim § trang théi kich thich, tic
niang lugng clda né vugt qua gia tri cho phép & trang thai ditng xdc 14p thi trang
thdi kich thich d6 khong con ton tai dudc lau. Ngay cd khi hoan toan co 1ap vé6i
moi trudng bén ngodi cdc nguyén i kich thich sau mot thdi gian ngén cling tv
chuyén vé mitc ning lugng thap hon va phat xa photon. Sy chuyén trang thdi
nhu vay goi 12 sy phat xa photon ty nhién va c6 kém theo ti€ng on.

Khi cdc nguyén tf bi tic dong bdi séng dién tir c6 tan sd cong hudng
chiing c6 thé chuyén trang thii sang mifc ning lugng thap va phat xa photon c6
cing tin s, d6 phan cuc va c¢6 kha ning lan truyén. Su chuyén trang htdi nhu
vay dugc goi la sy phat xa phton cdm ng hay cudng buc.

Trong mot may phat laser bat ki déu ng dun ghién tugng phat xa cudng
birc. Moi trudng gy ra va gilt cho cac nguyén ti § trong trang thai kich thich 1a
do niing ludng dudc cung cAp tir bén ngoai.

Nguyén 1y 1am viéc clia may laser ding thanh hong ngoc lam chat kick
thich sy phat xa photon cudng birc dudc trinh bay trong (H.9.1)

Hong ngoc tdng hdp dugc ché

tao tr oxyde nhom néng chdy cOng Gng phéng
thém tr 0,04 d&€n 0,05% nguyén tir guong o r;%‘:%” o guong
Crom hoa tri 3. Nguyén tif nay dugc ,/ -age!
dit trong trang/ thai tinh va c6 muc et ;)__I ‘
niang lugng thap. Dudi tac dong cia A

. L o ax . thanh A
cac photon phétra tir den phat xung, héng ngoe

cac nguyén t&¢ Crom (chrome) s€ bi
kich thich va chuyén sang mifc ning Hinh 9.1
lugng cao hon.

DPé€ tao ra dudc tia laser phdi chon dugc vat chdt ma nguyén tif clia né
khong chuyén trang thai tir kick thick sang trang th4i co s& qua nhanh chéng, ma
phai ¢6 kha niang gitt dugc & mot trang thai trung gian trong mdt thdi gian lau
dai. Trang thdi nay dudc goi 13 trang thai “bén gid” (trang thdi dirng tam thdi).
Nguyén tf dudc giit § trang thai bén gid cho d&n khi ching bi cudng bic trd vé
ctrang thdi co s& ban dau nhd sy tdc dong clia photon.
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Chi€u dai séng photon bitc xa khi nguyén tif chuyén tir trang thai bén gia
sang trang thai co s ding bing chiéu dai clia séng dnh sing, nhd d6 sy chuyén
trang thai nay c6 thé thuc hién dugc nhd dén phat xung. Trong chiim tia laser,
chi cAn nguyén ti chuyén trang thai tir bén gia sang trang thdi cd s§ va phat xa
photon ciing du kich thich d€ cho cic nguyén t bén gia khac chuyén trang thai.

Toan by qua trinh phat f5ich thigh
laser dién ra trong hai giai S
doan nhu dugc mod td trong ~
(H.9.2). Ba dudng ngang trong [ Bén gid
hinh bi€u dién ba mic ning ot e
lugng clia vat chit, cdc miii tén il
bi€u dién kha ning chuyén ddi S Laser
cta ching.

Co sé

Hinh 9.2.

Néu tdc dong 1é€n cdc nguyén t kich thich mot ning lugng dnh sdng lugng
tlr c6 tn sO bing tin s6 chuyén trang thdi, thi nguyén tif d6 1ap tiic chuyén trang
thdi va phét ra 4nh sidng. Nhu vay trang thii bén gid cla nguyén ti 1a y&u td
quy€t dinh doi véi viéc phat laser. Qua trinh kich thich nguyén ti chrome trong
hong ngoc (H.9.1) dudc thuc hién nhd 6ng phé 4nh sdng. Pong thdi cling nhd sy
ch6p sdng clia 6ng phéng ndi véi ngudn cung cAp 1am cho nguyén ti kich thich
tré vé trang thdi dirng c¢d s& va phat ra photon, sy trd vé nay c6 tinh lan truyén vi
vay trong thanh hong ngoc xuit hién ludng 4nh sing photon c6é ciing tin s6. Néu
ludng 4nh sdng nay dudc phdn xa nhiéu 1an qua cdc guong phan xa dit & hai dau
thanh hdng ngoc thi s& nhan dudc tia laser. (ludng d4nh sing don sic c6 cling tan
s0, ciing chiéu va cling pha.)

Qua trinh hinh thanh tia laser dugc m6 phdng trong (H.9.3.a,b,c,d).

Cé4c nguyén tf crom & trang thdi chua bi kich thich (cdc chAm den trong
hinh) du6i taic ddng cia photon (cdc mdi tén) sé& chuyén sang trang thai kich
thich (cdc chAm tring), dong thdi khi bi photon tdc dong 1én, cdc nguyén ti kich
thich chuyén trang thii sang mitc ning lugng thdp hon va phit ra ning lugng
dudi dang dao dong dién tir (photon) trong gidy phd thdy dugc. Mot phan ning
lugng phét ra tfr nguyén tibi tdn ra xung quanh thanh clia thanh héng ngoc
(H.9.3,b) phan khédc dinh huéng dudi dang cdc photon song song vdi truc dong
clia thanh héng ngoc (H.9.3,c,d). Doc theo dudng chuyén dong ching giy ra
phadn tng diy chuyén va tao ra cic photon méi khi tic dong v6i cdc nguyén tf
kich thich trong thanh hdng ngoc. Ludng anh sdng ning lugng sinh ra dugc phin
xa nhiéu 1an nhd cdc guong phan xa dit & hai dau thanh hdng ngoc va phat trién
nhanh chéng trd thanh luéng dnh sdng cdng suit cao thodt ra ngodi & vi tri guong
phan xa c¢6 dd day nhd hon. N&u trén dudng di cda ludng dnh sdng, ta dit mot s&
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thau kinh thi toan bo ning lugng nay cé thé dudc tip trung trén mot dién tich

nhd.
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Hinh 9.3

Ban kinh nhd nhit cla dién tich tAp trung dnh sing, theo 1y thuyét thi
ding biing chiéu dai séng A véi di€u kién dudng kinh clia dng kinh phai la:
D=226F

F -

la khoang cédch tiéu cu

9.2. CACLOAIMAY PHAT XA LASER

Mot may phét laser bat ki ndo ciing bao gdm cdc thanh phan sau:

1.

AN T i

Budng cong tic trong d6 c6 dit chat kich thich dé tao ra tia laser.
Hé thong tao trang thdi kich thich

Cong hudng quang

Co cAu d€ phéng ludng dnh sing ning lugng ra khdi bo cong hudng
Hé thong diéu khién sy tap trung ning lugng 4nh sing

Cé4c hé thong dic biét khic tuy theo mdi loai két cAu khdc nhau. C6
th€ phan ra 1am 4 loai m4y phat laser chinh, phu thudc vao dang vat
liéu kich thich tia laser: mdy phdt laser rin, laser ban din, laser 1dng
va laser khi
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1. Laser rin véi hé thong bom quang hoc (guong phan xa)

Nguyén ly lam viéc cia may phat laser rin dugc trinh bay trong (H.9.4)

1 //2 _;.t)’_L
1- Guong phan xa ) [/rirf T é—ﬁr—z_i
2- Chat kich thich ran — [
3- Guong phan xa 1 phadn anhséang \ o T‘D
4- Vo | \\ :
5- Dén phat xung 6 4
6- Ngudn dong dién

kS
| WSS T

Hinh 9.4

Trong laser rin bo phat xa — phan kich thich 13 chat rin. O laser rin khdi
lugng cd ban cda chit kich thich rin khong tham gia tryc ti€p vao qud trinh tao
ra sy phan xa cudng biic. Su phit xa nay la do su ¢c6 mit cia mot lugng nhd cac
nguyén tf tich cuc ¢6 trong chat d6, chiém ti 1& tir 0.01 dén 10%.

Vat liéu cda chat kich thich c6 thé 1a florua dat kiém, vonfram dat kiém,
Mbélipden dat kiém, hong ngoc tdng hdp, granat nhom — ytri, thuy tinh véi cdc
thanh phan khic nhau. Tap chit tich cuc chifa trong cic chit ké trén thudng 12
thanh phan dat hi€m, crom va urani (Uranium).

2. Laser ban din

J laser ban dan su kich thich dudc thyc hién khi bom cdc hat mang dién
qua 16p ti€p gidp P-n (H.9.5)

7- Pién cyc

8- B& mat tiép xtc
9- Ban dan loai P
10- Tiép giap n-P
11- Ban dan loai n
12- Lop phat xa

Hinh 9.5
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Vi du: laser loai nay cé thé dung ti€p gidp P-n trong chit asenit — gali
(As,O3 — Ga). Cdc tap chat nhan trong asenit — gali 12 kém, cadmi, indi con tap
chit cho 1a selen (Se), telu (Te) v.v...

Tinh th€ cia laser ban din c6 kich thude ti 0.5 d€n 1 mm? (H.9.5). Pién
cuc 7 dudc gin vao ti€p xtc 8, vdi phan trén 9 1a ban din loai P, phan dudi 11
dé&n loai n, giita hai phan c6 16p ti€p gidp P-n 10 vdi dd day khoang 0.1u m. L6p
phdt xa 12 ¢6 dd day tir 1 d&€n 2 m do sy thim thau cda cdc electron va céc 16
trong qua ti€p gidp P-n bén trong tinh thé gay ra.

Laser ban din dic trung biing su bi€n d6i ning luong ra't cao (d€n 100%).

M4y phdt laser ban din, lam viéc & nhiét do cla Nits 18ng c6 thé dat
cong suat 100 W, con & heli 16ng — d&n 10 W.

3. Laser long :

Uu di€m cia laser 16ng 1a kha ning ddi luu chat 1éng va lam m4t toan bd
may phat, vi vay cho phép ting kha nang nang lugng 16n.

Laser 10ng dugc tao ra trén cd sé ctia dung dich Ion dat hi€m trong mot s6
chit 16ng vo co.

Trong bo cong hudng cia laser 16ng thay thé cho thanh kich thuy tinh 1a
ranh dung dich. Sy ddo ngugc dugc thuc hién bdi dén phat xung. Hé so bi€n ddi
ndng lugng dat 50%.

4. Laser khi :

Nguyén 1y clia k€t ciu clia laser loai nay hoan toan don gidn. (H.9.6).
Trong 6ng thuy tinh chita diy khi dic biét, & hai diu clia né gin dién cuc va ndi
v6i ngudn dién. Qué trinh phéng dién chat khi trong dng thuy tinh di gy ra su
kich thich nguyén ti ctia chat khi tich cuc chuyén sang trang thai bén gia.

So sdnh vé§i chat rin va chat 18ng, chat khi c6 mat do thap va c6 tinh dong
nhat cao, n6 khong giy ra su khiic xa luéng 4nh siang vi vy tinh ddng huéng cla
su phat xa laser trong vhat khi rit cao.

Vi du trong laser khi nguyén t& c6 thé ké dén laser khi Heli- Neon.
(H.9.6a). Trong d6 vat kich thich 1a nguyén tr 1a nguyén t& Neon trung hoa.
Nguyén tf Heli 1am nhiém vu truyén ning lugng kich thich, nhd d6 nguyén ti
Neon dugc kich thich con nguyén ti con nguyén t Heli tr§ v€ trang thdi dirng co
ban. day, 6ng phéng nap khi cia mot mdy ph4t laser dugc nap day khi Heli va
neon vdi 4p sudt tuong dng 1a 133 va 13Pa. Nhd ngudn ngudn dién 4p cao 4
trong 6ng khi sinh ra sy phéng dién lam hai kich thich nguyén tt Heli ba neon do
su va dap gitra cac electron. Sy phat sing thoat ra qua guong 3. Laser khi Heli —
neon c¢6 cong suat khong 16n 1dm nhung c¢6 k&t cAu don gidn, tin cdy va c6 chat
lugng phét sdng t6t nén dudc ing dung rong rai.
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Laser khi dung chat kich thich 12 CO, c6 cong suit va hiéu suit cao nhat
trong tit c4d cdc loai laser khi. (H.9.6b,). 0] day,dé truyén ning luong kich thich
bgudi ta st dung khi nitd- N,, vé phadn minh phan t& N,, dugc kich thich do su va
dap véi cdc alectron. Trong diéu kién cla sy phéng dién lanh, khodng 90% phan
tt N, dudce chuyén sang trang thai kich thich véi thsi gian tdn tai § trang thdi ndy
rat 16n. Ngoai ra ngudi ta con dua vao dng phéng khi Heli, d€ gitip cho sy phong
dién dugc d€ dang va nhd c6 tinh din nhiét t5t khi Heli gitp cho sy phéng dién
trd thanh sy phéng dién lanh.

Hinh 9.6b: 12 so dd nguyén 1y cda khi laser khi CO,. Su phéng dién d8udc
kich thich bén trong dng thuy tinh 5 dugc 1am mat bing nudc, gitta cac dién cuc
6 nhd ngudn dién 4p cao 4, sy phat sdng thodt ra qua ctra s6 3 lam dudc tir vt
liéu cho phép tia hdng ngoai xuyén qua. Vi du: KB, NaCl hoic G..

Hinh 9.6

J laser khi loai ndy, ¢t 1m chiéu dai ¢6 thé nhan dugc cong suit khong
16n hon 500w, vi vy nhan dugc cong suat I6n can phdi ting chi€u dai 6ng cong
hudng, diéu ndy c6 thé dat bing ghép nhiéu 6ng lai vdi nhau thinh mot hé
thong, & d6 tia sdng nhd c6 guong sé di xuyén qua lan ludt tirng dng.

Laser khi dong dudc trinh bay trong (H.9.6¢c). Pic diém cia loai laser nay
12 sy tao ra dong khi chuyén dong nhanh. Su ddo bi€n & day dudc thuc hién bing
cach 1am ngudi nhanh chéng hdn hgp khi dugc d6t néng sd bod. Khi chat khi bi
ngudi di cdc cdc phan tr s& chuyén sang trang thdi c6 mitc ning lugng thap hon.

BO MON CUNG CAP PIEN 130



TRUONG CAO PANG CONG NGHIEP 4 KHOA PIEN
T&c dd chuyén d6i trang thai phu thudc vao thdi gian tdn tai cia phan t¥ § trang
thdi nay hod trang thai khéc.

So dd nguyén 1y ctia laser khi dong dudc trinh bay trong (H.9.6¢).Trong
budng dot 8 ngudi ta dua nguyén liéu 7, sdn phim clia qué trinh d6t (CO,) hoa
vao v6i hon hgp khi nitd va Heli, di ra ngoai qua miéng phun siéu am 9 dugi
dang mot ludng khi nd rong. PE nhian dugc sy phat sing laser ngudi ta s dung
bd cong hudng c6 dang hai guong phédn xa 11. Bd cong hudng duge dit G vi tri
sao cho truc clia né vudng géc véi vetd toc do clia ludng khi. Cong suit tia laser
dugc xdc dinh bdi mat do, toc dd va nhiét do clia khi tai miéng phun.

9.3. CONG NGHE GIA CONG BANG TIA LASER

Pic di€m cida su gia cong bing tia laser nhd c¢6 guong 1a & chd c6 thé dot
néng chi ti€t (vat liéu) gia cong baiing ludng 4nh sdng tip trung cé cudng do
manbh.

Cudng do dot néng xdc dinh do xuyén siu cua tia laser vao trong vat liéu
va & do rong clia v€t dot bing : 5 =+ar

vGi: a-d6 dinnhiét cda vatliéu; t- do dai tdc dong clia tia laser.

Da4i véi loai kim loai khi & =+/a.r ngudn nhiét dudc tp trung trén bé mit.

Qiia trinh tic dong cla tia laser 1én vat liéu gia cong c6 thé chia ra thanh
cac giai doan nhu sau :

- HAp thu 4nh sidng d€ truyén ning lugng cho sy dao dong mang tinh thé

bén trong chit rin.

- D6t néng vat liéu, 1am néng chdy, bdc hoi vat liéu.

C6 thé thuc hién céc loai gia cong sau:

1. Gia cong cat vat lidu biing tia laser.

Duya trén co s§ chia cit vat liéu duéi tic dung cia ludng dnh sing tip
trung vao viing can cit. Phuong phap ndy rat c6 ich doi véi kim loai va hgp kim
quy, dugc ng dung trong trong cdng nghiép dién t& va vi dién t, trong cong
nghiép ché€ tao cdc dung cu dién tlf vd cdc mach tich hgp. Phuong phdp cét bing
tia laser cling dugc 4p dung thanh cong trong cong nghi€p dét.

2. Gia cong biing laser.

Han bing tia laser dudc ng dung rit hiéu qua trong cong nghiép vi dién
ttt. Nhd phuong phap ndy cé thé ndi cic dau ndi v6i mach in. Han bing tia laser
con dugc dp dung trong cong nghi€p han kin v cho cdc mach tich hgp. Su dot
néng cuc bd véi cudng do manh trong thdi gian ngin cho phép ha nhiét do doi
v6i cdc phan t nhay cim ddi v6i nhiét d6. Nh phuong phdp han laser c¢6 thé
ndi cdc kim loai c6 tinh chat hod ly khac nhau va thAm chi v6i vat khong phdi la
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kim loai. Tac dong nhiét cia tia laser ciing dugc ng dung trong cac c6ng nghé
lam citng bé mit chi tiét.
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CHUONG 10
CAC THIET BI PIEN PHAN

10.1. CO SG CUA GIA CONG PIEN HOA :

Dién héa 1a nganh k§ thuit nghién cttu cidc van dé vé ion trong cdc dung
dich, cdc hién tuong xiy ra trén bé mit vat thé rin nim trong dung dich dién
phan.

Chat dién phan la cdc vat chat, dung dich va dung méi c6 thé din dugc
dong di€n ion, sinh ra do sy phan ly dién phan.

Theo ly thuy&t phan ly dién phan, cdc phan tif cda mot vai vat chat nhu
mudi, kiém, bazd 12 cdc phan tif cyc. Céc phin tif ndy dudc ciu tao bdi 2 ion c6
dau ngudc nhau va c6 cung s6 lugng dién tich. Lyc hit giita ching 1a Iyc lién k&t
phan tir. N&u cdc phan tit d6 dudc dua vao trong chit 16ng hao tan (nudc) thi luc
lién k€t phan ti bi phan ly thanh ion. S& lugng céc ion dudng va Am do két qua
clia qua trinh phan ly 12 bang nhau. C4c ion dudng chinh 13 cdc nguyén t, phan
tr da bi mat di mot hodc mot vai electron. Vi du, khi hoa tan mudi #n trong nuéc
s& nhin dudc hai loai ion 1a: Na*(Natri);va CI” (Chlre). P6i khi cdc ion hinh
thanhkh6ng phai tir cic nguyén t& doc 1ap, ma la tr mot nhém nguyén t khong
c6 cung di€n tich. Vi du, khi hoa tan sunfat kém trong nuGc s€ hinh thanh hai
loai ion:(Zn**) va Am (SO5).

Trong c4c chat dién phan song song vdi qia trinh phan ly, con tdn tai qda
trinh nguoc lai- sy k&t hop cdc ion dé€ tr§ thanh phan tf trung hoa. Quda trinh
dugc goi la qua trinh phan tf héa, nhd dé hinh thanh sy can bing dong gilta s6
luong cdc ion sinh ra va sd lugng cdc phan tit k€t hgp.

N€u ta dit vao trong dung dich dién phan cdc vat rin déng vai trd 1a cdc
dién cuuc, thi gitta ching va chat dién phan xuit hién dién th€ can bing. Dong
dién sé& khong xuat hién n€u khong ndi céc dién cuc véi mach ngoai.

Trén bé mit dién cyc nim trong chit dién phan sé x4y ra phdn ng dién
héa ngugc.

Me —  Me.,"+ne (10.1)
G day : n - héa tri cda kim loai dién cuc.
M." - ion xuat hién trong dung dich.

Trong trudng hdp chung nhat ning lugng cia ion M."" va ning lugng clia
nguyén nguyén t¥ Me trong mang tinh thé clia chat rin (dién cuc) khong bing
nhau, c¢6 nghia 1a, cdc phan tf mang dién vugt qua gidi han giita chat rin va
dung dich dién phan theo hai chiéu s& khong bing nhau din d&€n sy xuit hién
dién th€ can bing giita dién cyc va chit dién phan.
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Dong dién chay qua dung dich dién phén :

Trong chit dién phan cic ion ciing nhu cdc nguyén ti¥, pha ti chuyén dong
hén loan. N€u gitta hai dién cuyc nim trong chat dién phan ta dit 1én mot dién
trudng E, thi ngoai su chuyén dong nhiét hdn loan s& xuit hién su chuyén dong
c6 hudng clia cdc con ion. Céc ion duong chuyén dong vé phia catot, cdc ion 4m
— v& anot. Sy chuyén ddng nay chinh 12 ban chit clia dong dién chdy qua dung
dich di€n phan.

Khi da dé€n dudc cdc dién cuc tuong ng cdc ion trao va nhin thém dién
tich @€ tr§ thanh cic nguyén ti hod phan ti thodt ra khdi dién cuc hoic tham gia
vao phdn tng héa hoc vé6i vat chit dién cuc.

S6 lugng vat chat g thodt ra tir dieén cyc khi c6 dong dién chdy qua chat
dién phan dudc xac dinh bdi dinh ludt Faraday.

g=a.l.t (10.2)
Trong d6: o - duong lugng dién hda, g/cal; 1 — dong di€n, A;
t- thdi gian dong dién chdy qua chat dién phan, sec.

Puong ludng dién héa o 1a lugng vat chit thodt ra tir dién cuc khi cho
chdy qua chat dién phan mot dién ludng 1a mdt culon (colomb).

Cédc qua trinh dién dién ra trong chat dién phan tudn thi theo dinh luat
Ohm. Cic ion chuyén ddng c6 huéng trong chit dién phan 13 do su tic dong cia
luc : P=e¢ .E,

V4i : e — dién tich cda ion.

Néu tai thdi di€m ban dau, toc d6 v cla ion 1a rat nhd, thi khi cé su tac
dong cta lyc P tdc d6 chuyén dong ion sé ting 1én, ddng thdi lyc ma sit: P, =K,,
ciing ting lén theo. Cdc luc niy sé& cin bing vdi nhau trong sudt thdi gian
chuyén dong cia ion.

T&c @6 trung binh clia su chuyén dong dinh huéng dugc x4c dinh bdi ding

thuc: P=P,;hayeE=K.v.
E

Tir d6: V=g = iE (10.3)
g day : 1= e/K - 1a @6 chuyén dong ciia ion.

Mat do dong dién qua chit dién phan :

j=e(n"u"+nu)E (10.4)

Véi: n"p"+n W - mitdo va do chuyén dong cla céc ion duong va Am.

Nhu vy mat do dong dién trong chit dién phan ty 1& véi cudng do dién
truong E.

P06 din dién cia cic chit dién phan.
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c=e(m W +npu) (10.5)

sé ting 1én khi mat do ion va chuyén dong cia ching ting.

Khi nhiét d6 ting do din dién cda chit dién phan ting. Hién tugng nay
trdi ngugc hin so v6i hién tugng x4y ra § chit rin, dugc gidi thich bing sy ting
1én clia d6 chuyén dong clia cic ion va ctia mic 6 phan ly ctia chit dién phan.

10.2. PIEN PHAN DUNG DICH VA DUNG DICH HOA TAN :

Hién tugng vat chat thodt ra tir dién cuc khi c¢6 dong dién chdy qua chat
dién phan, ciing mhu quda trinh oxy héa hoic phuc hdi dién cuc goi 14 hién tugng
dién phan.

Trong linh vic cong nghiép, hién tugng dién phan dudc 4p dung chd yéu
dé lam hoa tan kim loai & dién cuc anode va bdi dip vat chit & dién cuc
cathode.

Vat chat c6 dién th€ 16n hon —1 so véi dién thé tiéu chuidn cla dién cuc
hdro c6 thé nhan theo phuong phap dién phan dung dich (ddng).

Céc kim loai c6 dién thé nhd hon —1 khong thé thu nhan dugc bing cich
dé, vi vay khi sdn xuit chiing phdi st dung dich hoa tan clia ching trong mudi
(Li, K, Mg).

So dd nguyén ly cda binh

dién phian dugc mo td nhu & trong
(H. 10.1)

<
N

SN

0 dién cuc anot sé& dién ra
qia trinh chuyén kim loai & trang
thai vat chat M.’ thanhion, vi § day
kim loai cho electron.

T
Hy

HHHESLHI

AURRNNNNNN

HHHH!

M’ — ne - M" "', , tic qda I

N 1- Chét dién phan; 2 - Dién cuc;
trinh hoa tan anot. 3 - Ngudn cung cép; 4- Thanh dén dién.
Hinh 10.1

Trong d6 : n — s6 lugng dién tich.

0 dién cuc catot s€ dién ra qua trinh ngugc lai, catot nhan electron va
chuyén céc ion thanh kim loai nguyén chit :

M™. +ne — M’ tifc qud trinh bu dip catot (10.7)
Dién 4p phan bd giita hai dién cuc bao gdm cdc thanh phan :
U=U1+Ua+UC+Il (10.8)
Vé6i: U, - bién 4p phian bd dién hod cﬁaavat chat. U, ,U. — dién 4p rdi trén

anode va cathode.l — cudng do dong dién , 1 — khodng cach dién cuc, o - do din
dién cda chit dién phan.

P |
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Cong suat tiéu thu trong binh dién phan :

Mat d6 dong di€én di€n cuc : Jac =I/S (10.10)

Véi: S — bé mit xung quanh clia phan dién cuc nhiing ngip trong chit dién
phan.

1. Pién phan dong :

Muc dich clia viéc dién phan déng 12 lam gidm thanh phan tap chit va thu
nhan déng d nguyén chat.

Quaé trinh dugc thyc hién trong binh dién phan. Ngudi ta dit cdc tAm dién
cuc anot bing déng dd, giita cic dién cuc nay c6 dit cdc tim déng mdng tinh
khiét 1am dién cuc catot sau d6 d6 dung dich dién phan CuSO, vao.

Pién cuc anot c¢6 hinh dang chit nhit véi bé day vao khodng tir 35 —
45mm va c6é khdi lugng khodng 300kg. Pién cuc canot 13 dong 14 c6 bé day
khodng tir 0,6 dén 0,7mm. Khodng cach giita anot va catot 1a vao khodng 35 dén
40mm.

Khi cho dong dién mot chiéu chdy qua giita hai dién cuc s& dién ra qua
trinh hoa tan dong & anot va bdi dip dong tinh khi€t & catot. Cac tap chit dong
lai du6i ddy binh, mot vai tap chit khdc nhu : Ni-nickel s& hoa tan trong dung
dich di€n phan.

Trong dung dich dién phan s€ xay ra cdc phan ng dién hod dudi day :

O anot : Cu — 2e — Cu** (10.11)

O canot: Cu* —2e - Cu (10.12)

Trong dung dich di€n phan :

CuSO, — Cu™ +S0%; H,0 — H’+OH
H,S0, —» 2H’ + SO*, (10.13)

Qua4 trinh dién phan ddong nguyén chat dugc thyc hién diu tién & dién 4p
tir 0,3 d&€n 0,35V, mat dd dong dién han ché€ d€ khong lam cho catot bi déng vay
cuc. Phuy thudc vao thanh phin cda cic tim ddng anot, mat do dong dién la vao
khoang :

J = 180 + 270 A/m>. Suit chi phi ning lugng : N = 200 + 379 KWh/tdn
ddng tinh khiét.

Cédc dién cuc anot va catot trong binh dién phan dugc ndi song song
vdinhau, con cdc binh dién phan dudc ndi ndi ti€p v6i nhau (hé théng nhiéu
binh). RAat it khi ngudi ta ndi ndi ti€p céc dién cuc. Sy phan bd mat dd ion khong
ddng déu giita cdac phan trong binh dién phan sé& din dén sy ting 1&én cda chi phi
ning lugng. P& ddm bio sy ddng déu clia mat do ion, c6 thé 4p dung bién phap
ddi luu tryc ti€p chat dién phan.
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Nhiét do chdt dién phan dugc gitt § mic do 333 + 3°K. Sy dot néng chat
dién phan dugc thyc hién bdi ciac bo trao d6i nhiét 1am tr than chi, titan hoic
thép khong ri.

Khi ti€n hanh dién phan trong binh dién phan ludn cé xu huéng lam sao
dé€ c6 thé thu nhian dudc nhiéu ddng nhat theo gia tri dong dién, gidm chi phi
ning lugng va ting kh3 ning sdn xuit cda binh dién phan.

Gidm tiéu hao kim loai theo gi4 tri dong dién c6 lién quan dén hién tugng
ro 11 dong dién, ma sy xudt hién cda né gin lién véi cdc diéu kién khong thuin
10i trong sdn xut dién phan nhu : lam ting sy bay hdi axit, 1am 4m udt cic bd
phian 1am tir gb clia binh dién phan, 1am dong mudi 1én cdc thanh phin trong
binh, 1am ting cao dién thé& cla binh so v4§i dat.

Céc dudng ro dong dién trong céc thiét bi dién phan c6 thé 12 :

Theo dudng d6i luu clia chat dién phan.
Theo dudng din nudc va hdi nudc.
Theo céch dién giita binh va dat.

Theo cdch di€n giita cdc binh v§i nhau.

A

Theo céc 16p 16t dan dién cia binh.

6. Theo dudng ngidn mach giita cic dién cyec.
2. Dién phan kém :

Kém tinh khié€t chat lugng cao thu nhian dugc tir phuong phdp dién phan
dung dich sunfat k€ m. Trong binh di€én phan ngudi ta didt cdc catot nhom va anot

chi. Sau d6 dd dung dich ZnSO, (5 — 6%) vao, dung dich nay bi phan ly thanh
Zn>* va SO*, va axit sunfuric H,SO, bi phan ly thanh H* va SO*,.

Trong thdi gian dién phan, catot dudc bdi dip kém dudi dang kim loai
nguyén chat va o anot tdch ra khi oxy. Trong dung dich hinh thanh H,SO,.

Nhu viy trong qué trinh dién phian s€ xdy ra cdc phdn @ng dién hod nhu

sau :

G canot: Zn** — 2e —> Zn (10.14)

3 anot : H,0 - 2e > H' + 0,50, (10.15)
Trong binh di€n phan :

/nSO,; + H,0 — H,SO, + 0,50, (10.16)

DPé€ thu nhan dugc kém nguyén chit & catot, cAn phdi ting mat d6 dong
dién trong binh dién phan (400 — 600 A/m®) va bé sung vao trong dung dich cdc
chat c¢6 thé han ché& sy tich khi oxy tir catot.

Nhiét do trong binh dién phan cn giit § mdc d6 308 — 313°K. Chi phi
ning lugng - 350 KWh/tdn sdn pham.
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bién tr§ clia chit dién phan phu thudc vao nhiét do va mat do kém trong
dung dich. Khi ting dot ngdt dién dp trong binh 1én dén 3,3 — 3,6V c6 tic dung
lam sach anot. Anot dudc lam ti chi cong thém 1% bac nhim muc dich han ché&
s dn mon, né c6 bé day 5 — 8mm. Catot dugc lam tif nhom 14 day 4mm.

Binh dién phan dudc 1dp ghép tir béton cot thép (d6i khi dugc lam tir thép)
dudc phi bdo vé biing vat liéu chiu axit, bitum, ... ddy binh c6 16 d€ thai cin. C6
thé ndi tir 20 d€n 30 binh thainh mot hé thong.

Béc kém ra khdi catot nhdm dugc ti€n hanh mdi ngay mdt 1an hodc hai
ngdy mot 1an. Can phdi 1am sach catot 10 ngdy mot 1an biing may chuyén dung
trong thdi gian tir 20 d&€n 25 ngay phdi lam sach anot it nhdt mot 1An. Sy #n mon
catot 12 vao khodng 1,5kg, con anot — 0,8 — 1,5kg/ tAn kém.

10.3. TRANG BI PIEN TRONG SAN XUAT PIEN PHAN :

Ngudn cung cip cho cdc thi€t bi dién phan 12 cdc mdy phit mot chiéu
hoic cic td hgp chinh luu ban din, bi€n d6i dong dién xoay chiéu tan s& cong
nghiép thanh dong dién mot chiéu.

Phd bi€n nhat 13 cdc thi€t bi chinh luu (Silic-Silicium) vi chiing c¢é hiéu
suat cao 97 = 99%.

Tram bién ddi dong dién gdm cé cic thi€t bi phan phdi xoay chiéu, mdy
bi€n 4p luc c6 bo phan diéu chinh dién 4p, t6 hop ban din, cic thi€t bi phan
phdi dong dién mot chiéu va cdc thi€t bi chuyén dung khic.

Céc mdy bié€n 4dp dién luc ba pha dung d€ cung cidp ngudn cho cic thiét bi
dién c6 thé dugc 1dp dit bd chuyén mach dudi tdi & phia cao 4dp, c6 thé cé vai
cudn day thit cAp tuy theo s6 lugng pha chinh luu. Cudn day thit cAp thudng dugc
ché tao tif nhom 14, c6 bé rong phit hdp véi chiéu cao cia 18i thép mach tir, cudn
day cao 4p c6 thé dudc ché tao tir nhdm 14 hoic tir diy nhom.

Diéu chinh dién 4p cin phai ddm bdo hai cip : thé va nhuyén. Diéu chinh
thd c6 thé thuc hién bing cich chuyén ddi sao, tam gidc, cudn diy may bién ap,
didu song song, ndi ti€p cac phan clia cudn day ... Viéc diéu chinh nhuyén dién
4p c6 thé dudc thyc hién nhd mdy bi€n 4p tv ngiu 3 pha dit & phia tru6c mdy
bi€n 4p lyc. Thong thudng cong suit clia nd bing cong suit ctia bi€n 4p luc.

T hgp chinh luu c6 thé cé cic diode khong diéu khién hoic cé diéu
khién. So @6 nguyén ly cdc phan dong lyc cla chinh lvu diode khong diéu khién
dugc trinh bay & (H.10.2). Cudn diy nhdnh cia may bié€n 4p lyc dugc dau tam
gidc, c6 thé ndi song song, va ndi ti€p cic phan cda né nhd bd chuyén mach.
M4y bi€n 4p cung cip cho 4 khdi chinh luu song song dugc ché tao theo so dd
cau sdu pha. Cédc dién khdng can bing KH,; va KH, nhim muc dich phan b& déu
dong dién gitta cac khoi chinh luu. Khi dién 4p ndi tam gidc 16n hon dién 4p
cudn diy khodng 1% thi chuyén sang diau sao. Cic cudn khiang bio hoa KH, va
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KH, ddm bdo yéu ciu diéu chinh nhuyén dién 4p. O mdi khdi chinh luu cé siu
cudn khdng mot pha. C4c cudn khang dudc lya chon tily theo tinh chat riéng cla

mdi khoi.

00 |p-mmmmmmn

O O

OpF—{0O0

F'S
(2]

5Daay
\P
I

KH1 - KHz - Cudn khang c&n bing; KBy - KB4 - Cac cuén khang bao hoa.
Hinh 10.2

SO d6 nguyén 1y ciia t6 hgp chinh luu diode diéu khién (Thyristor) dugc
trinh bay trong (H.10.3). Cdc cudn day sd cAp clla ba mdy bi€n 4p modt pha BA | _
BA; dugc ndi tam gidc qua cdc thyristor, phuc vu cho viéc diéu chinh nhuyén
dién 4p. Khdi di€u chinh dong dién KI dugc ndi v6i dau vao clia hé thong diéu

khién xung — pha cia thyristor.
11

_____________

. l i i |
RH- Diéu chinh di&n ap P s g g s - _?_‘:
RI- Diéu chinh dong
RP- Cung c&p tin hidu so sanh !
- +

DT- BY diéu khién Thyristor < >

He]
000,

A A URa
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Céc diode dudc ndi véi cudn day thit cip clia cdc mdy bi€n 4p BA| — BA;
va dugc ddu theo sd dd hai sao kép. O ché& do binh thudng bo diéu chinh dién 4p
KH phéi lam viéc & ch&€ d6 bdao hoa. Khi dién 4p trén tdi ting cao so vdi mifc
chinh dinh, né diéu chinh gi4 tri dong dién chinh luu tdng.

10.4. AP DUNG CONG NGHE PIEN HOA TRONG CONG NGHIEP CHE
TAOMAY :

Cong nghiép dién hod dudc tng dung trong k¥ thuat xi Iy bé mit chi tiét,
tao ddng chi ti€t hodc cdi tao két cdu. Cac k§ thuat nay chi y&u dua vdo qud
trinh hoa tan kim loai & Anode, c6 nghia 1a chuyén kim loai (s dung nhu dién
cuc Anode). Anode, tif trang thdi vat liéu nguyén chit sang cdc trang thdi khic.
Pau tién kim loai dién cuc anot dugc chuyén sang dang ion.

M’ — ne - M. (10.17)
& day : n — s0 lugng dién tich don vi.

Sau d6 chuyén sang viéc tao ra cdc lién k&t kim loai ma thanh phan cia
ching dugc xdc dinh bdi thanh phan hod hoc clia chit dién phan.

Bén trong dung dich dién phan cé gbc axit s€ xdy ra phan tng dién hod
sau day :

Me"™ + nR”" — M.®n (10.18)
Trong d6, R — cdc dudi axit, vi du : CI, SO,%, PO, (10.19)
Khi hoa tan st trong axit :

Fe?* + 2CI' > FeCly; Fe** + 3Cl" > FeCls; (10.19)
Trong cic dung dich trung tinh va kiém.

Me"™ + nOH — Me (OH)n (10.20)
Vidu:

Fe’* + 20H — FeOH,; Fe’ + 30H — Fe(OH);; (10.21)

Anot hoa tan trong ciac dung dich trung tinh luén kém theo viéc thai ra
Me(OH),. Ching thuc t€ khong hoa tan trong dung dich dién phan ma dong lai
dudi ddy binh hay bim vao cac di€n cuc. P& ¢6 thé 1am sach cdc chit cin bam
thudng phai ting dot ngdt mat dd dong dién (d€n hang trim empére trén cm?).

Theo dic di€m cong nghé, gia cong dién hod c6 thé chia thanh hai nhém :
1. Gia cdng v6i mat d6 dong dién bé § trang thdi tinh cia dung dich dién phan.

2. Gia cong v6i mat d6 dong dién 16n & trang thai dung dich chuyén dong.
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Hinh 10.4 : bi€u dién so db gia cong dién hod § trang thdi tinh clia dung
dich dién phan 4p dung trong cidc cdng nghé phay va lam béng bé mit chi ti€t
bing phuong phép dién phan.

&
3 A\
i< Ngg(’in cung cép % e _\\_ e (7 ::,/‘4
2- Diéu chinh déng T oz 8|\
; (t dié \ =s=z= =53/ N
3 C.hét d‘l‘el’l ph_én Q By ] e 2/’, g\
4- Binh dién phan \ Ny - “:,<; /)= ]
5- Chi tiét gia céng s =~~~ 2 &<\
e e AL = - - == F57/4-4N
6- S&n phdm hoa tan P =<2 _fa// N
7- Budng dong dién N T
8- Pién cyc

Hinh 104

Khi c6 dong dién chdy qua dung dich dién phan 3 va dién cuc 8, 5 s& dién
ra trong qué trinh hoa tan anot vao trong dung dich va tao ra cdc san phim hoa
tan 6. Ching bdm 1én bé mit anot va ngin cidn dong dién dong thdi lam tap
trung cdc dudng dong dién 7 qua cic 15 trong trén bé mit anot. Nhd d6 thic day
nhanh chéng t6c do hoa tan va Iam béng bé mit chi tiét.

So d6 nguyén ly cia qua trinh gia cong dién hod & trang thdi chuyén dong
ctiia dung dich dién phan dugc m6 ta nhu & (H.10.5)

AN |
- o
NN

Hinh 10.5

Chi ti€t gia cong 1 dugc dit gitt dung cu dién cuc 2 trong khe hd dinh sin.
Qua khe hd cho chdy dong dung dich dién phan. Chi ti€t dudc ndi vé6i cuc duong
con dung cu dién cuc duge ndi véi cuc Am cla ngudn dién mdt chiéu.

Khi ¢6 dong dién chay qua cac dién cuc, dudi tic ddng clia qua trinh hoa
tan anot trong chit dién phan, chi ti€t s& c¢6 hinh dang dong dang véi khe hd do
dung cu dién cuc tao ra. Quy trinh nay dudc goi la phay bang phuong phdp dién
phan.
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CHUONG 11
GIA CONG KIM LOAI
BANG PHUONG PHAP AN MON PIEN
----- 000-----

11.1. PAC TINH CHUNG VA CO SG VAT LY CUA QUA TRINH :

Pé c6 thé gia cong cac kim loai c6 dd cling cao phai 4p dung phudng
phdp gia cong 4n mon dién.

Phuong phdp nay dua trén cd sG hiéu ting négn chady va bay hdi ctia cac vi
luong vat chat dudi tdc dong nhiét do ning lugng xung dién gay ra.

Quad trinh dién ra nhu sau : gitta bé mit chi ti€t gia cong va thiét bi dién
cuc dit trong chat 16ng khong din dién sé phat sih tia Itta dién lién ti€p do xung
dién gy ra. Nhd d6 c6 thé thuc hién viéc tao hinh cho chi tiét gia cong.

Phuong phdp dn mon dién cho phép gia cong cdc vat liéu din dién c6 do
citng khac nhau, ma cic phuong phdp gia cong khac khé cé thé thuc hién dugc.
Ap dung phuong phap nay cé thé gidm dugc cong lao dong, thuc hién viéc cd khi
hoa va ty dong hod qué trinh.

Tuy vay, so v4i cdc phuong phdp gia cong co khi khic, phuong phap gia
cong in mon dién cé nhitng nhuge di€m sau day :

Ning sudt, khi thyc hién viéc gia cong 1én cic kim loai binh thudng nhu
thép, kim loai mau ... tuong doi thap, chi phi ning lugng cao, ton nhicu thdi gian
dé€ 1am sach bé mat chi ti€t gia cong.

1 - Chi tiét gia cdng; 2 - Chat Idng céch dién; 3 - Ranh d&n dién; 4- Thiét bj dién
cuc, 5 - Tia Ilm dién; 6, 7 - Bong khi; 8 - Gan dién cuc; 9 - Hat cau

Hinh 11.1
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Hinh 11.1 : biéu dién céc giai doan x4y ra trong khong gian gita cic dién
cyc trong qué trinh gia cong dn mon dién.

Khi xung dién 4p U dit giita thi€t bi dién cuc 4 va chi ti€t gia cong 1 dat
gid tri xdc dinh, giita ching s& xuat hién sy phéng dién ddnh thing mdi trudng
chat 16ng cdch dién 2. Tia lra dién xudt hién nhiéu 1an gita anot va catot sé& ion
ho4 chit 18ng, nhd d6 & giai doan nay (thdi gian 10” d€n 107 sec) s& hinh thanh
rinh din dién 3. Pién tr§ gitta 2 cuc gidm tf mot vai MQ xudng con dudi 1Q
(H.11.1a).

Xung dién phit ra tit dién cuc anot qua rinh din dién s& giy ra tia ltta
dién 5 (H.11.1b) (thdi gian tir 10° d&n 10 sec) sau d6 chuyén thanh hd quang
dién, kém theo sy tip trung ning lugng 16n & cic viing gan dién cuc 8 va & than
hd quang. ning lugng bi€n thanh nhiét s& sinh ra cidc bong khi 7 va lam néng
chdy bay hoi cdc vi lugng vat chit trén bé mit cdc dién cuc. Ap suit trong viing
s€ lam cho céc giot kim loai nhé xudng tr dién cyc bidn tung tée trong khu vuc
hd quang dugi dang cdc hat cAu 9 (H.11.1c). Sau khi bi ddnh thling, s& xuat hién
qué trinh phuc hdi @6 bén dién trong rinh din dién. Su ding thing ti€p theo sé&
x4y ra & vi tri khdc, giita nhitng di€ém nhon (khong phiang) giita hai dién cuc. Vi
vay qué trinh nay c6 thé dp dung cho viéc gia cong cic chi tiét.

Nhiét lugng sinh tir thAn hd quang 1am bay hoi chit 1dng. D6 chinh 1a
thanh phan tdn hao ning luong clia qud trinh.

11.2. CAC THONG SO CUA SU PHONG PIEN XUNG :

Cdc thong s6 cua xung
dién xdc dinh hiéu qua cda
phuong phdp gia cdng dn mon
dién. Khi c6 dong di€n xung

phong gilta cadc di€n cuc qua ranh
dan dién gi4 tri bién dd cia xung
dién (H.11.2) c¢6 thé dat d&€n mot
vai triéu ampere, toc do ting clia
dong dién dlI/dt, c6 thé 1én dén
10° A/sec. Mat d6 dong dat 10"
Alem®. Ap suit trong khu vuc
phéng dién —10°N/cm®.

N t
Hinh 11.2
Séng dién xoay chiéu bao gdm hai thann phan :

1. Thanh phan cong tic — xung thuin : phit ra trong thdi gian t,

2. Thanh phan khong tdi — xung nghich : vdi thdi gian t,,.
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Quan trong nhat thanh phian xung thuin. Thanh phin nay dugc bi€u dién
phia trén clia truc thdi gian, chli y&u thyc hién viéc phd hity bé mit chi ti€t clia
gia cong.

Phan xung nghich — ph4 hiiy bé mit thi€t bi dién cuc.

Tan s6 xung f, bi€u dién s6 lugng xung phat ra trong thdi gian 2 sec. Gia
tri nghich d4o cla f, bi€u dién thdi gian chu ky T = 1/f,. N6 bao gébm thdi gian t,
va thdi gian nghi gilta hai xung lién ti€p — tyg.

T&c @6 xung dién : dI/dt = S,, bi€u dién gia tri tgp - dd ddc clia xung.

Trong c4c thong s6 xung dién con cé cdc gid tri cyc dai va trung binh cla
dong dién, dién 4p, cong suit, ning lugng xung.

Gia4 tri trung binh cia dong dién va dién dp xung.

tX

I, :%Zi(t)dt (11.1)
x 0
1

U, :t—Zu(t)dt (11.2)
x 0

V6i : I (t), u (t) — cac gia tri tic thoi ciia dong dién va dién ap xung.

:
Gid tri hiéu dung : | = /%Ziz(t)dt (11.3)
x 0
1 T
U= t—Zuz(t)dt (11.4)
x 0

Ning luong cuc dai : A=u(t)i(t)dt (11.5)
Cong suat trung binh clia xung : P = Alt, (11.6)

11.3. CAC MAY PHAT XUNG :

Yéu cau chii y&€u d6i véi cdc mdy phdt xung 13 phdi c6 hiéu suit cao,
ngoai ra do céc dic di€m cda khu vuc phong di€én gitta cac di€n cuc, mach di€n
phdi c6 cdc phan t phi tuyén.

Do doc clia mit tién xung dién phai khong thay ddi, d6 doc cang cao thi
xung dién cang 6n dinh.

S dd thi€t bi gia cdng 4n mon dién lam viéc vdi ning lugng tich luy dugc
trinh bay trong (H.11.3)

han
dong 1 2

ngudn

i tich Ity
cung cap

- - - -
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Trong thdi gian nghi t, ti€p diém K déng sang vi tri 1, khi d6 qua bd han
dong, cong suit can thi€t P, sé dudc ngudn nap cho bd tich luy. Trong bd tich lu§
A, sé€ tich lu§ ndng lugng.

A = P,t,, ma khi chuyén khéa K sang vi tri s6 2, sé phéng ning lugng qua
cic dién cuc tuong dng véi cong suat.

C4c mdy phdt xung dién chia thanh 3 loai theo nguyén 1y, két ciu va
thong s6 xung dién nhu sau : loai phu thudc, phu thudc han ché va doc lap. G
loai thit nhat, cdc thong s6 clia mdy phét xung dudc x4c dinh bdi trang thdi vat 1y
trong khu vyc khong gian gitta cdc dién cuc. Cdc may phdt xung doc 1ap khong
c6 mdi lién hé nao vdi khu vyc nay.

Ning lugng dién trong bo tich lu§ c6 thé dugc tich trit dudi dang dién
trudng cda tu dién hodc tr trudng trong cdc cudn diy cam ng. C6 thé 4p dung
bo tich luy k&t hop bao gdm dién trd, dién dung, dién cidm, loai k&t hdp nay
dugc goi 1a mdy phat tich thodt. So d6 nguyén 1y clia cdc loai mdy phat xung vira
néu G trén dugc trinh bay trong (H.11.4)

Hinh 11.4

M4y phat xung RC (H.11.4a) bao gdm ngudn cung cip ndi ti€p vdi khéa
K, dién tré hay dong Ry, tu dién tich lu§ C; dugc méc song song vdi thi€t bi gia
cong an mon dién.

Tu dién C,; dugc nao dién tit ngudn cung cip G qua dién trd hay dong R,
nhd dé dong nap c6 gid tri nhd hon nhiéu 1an so v6i dong phéng xung I,. Dong

nap :
il:[alu

C}c (11.7)

1%
UC:EJLm+UCO (11.8)
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Véi:

§ day : Uc, — dién 4p ban diu cla tu dién tai thdi di€émt=0

Khi ty dién di dugc nap day U. ~ Ug thi su phéng dién dugc thuc hién
trong thdi gian t, = T,. Khi khodng c4ch giifa cdc xung (tin s6 f,) ting 1én hoic
gidm di tu dién C sé trd thanh bd bi€n dong.

Trong b tich lu§y dién cdm (H.11.4b), toc do ting clia dong dién trong
cudn cam dudc xdc dinh bdi gid tri cia dién cdm L va dién dp dat 1én né. Dog
dién xung cin thi€t c6 thé nhan dugc khi U << U, c¢6 nghia 1a bd tich luj dién
cdm c6 thé dugec xem nhu 1a bo bi€n dong. O so dd mdy phat xung L — C
(H.11.4c) dong dién nap, tif ngudn cung cdp G di qua cudn day L cta bo phan
rung. PAu tién nip clia bo phan rung dudc hiit, khi d6 khodng cich dién cuc ting
1én. O cubi qué trinh nap, dong dién qua cudn day L gidm dan, luc giit nip clia
b6 phan rung y&u dan do d6 cic cuc dién xich lai gan nhau, sy phéng dién xuat
hién, sau d6 chu trinh phéng nap dudgc lip lai. Tan s& xung f, dudc x4c dinh bdi
ty 1& gitta L — C c6 hiéu sudt cao va ning sult cao.

Trong mdy phat RLC (H.11.4c) phuong trinh cia qua trinh qud do cua
mach nap di€n c6 dang :
. di 17
u=li+ R+ L=+ it (11.9)
dt Cj;
Tu (11.9) thay riing, qué trinh nap dién C c6 thé dién ra theo luat haim s&
mi hodc theo luiat dao dong. Qua trinh dao dong xay ra khi :
R: 1

O ché€ do dao dong, dién dp trén tu dién C & cudi qud trinh nap c6 gié tri
g4p d6i so vdi sitc dién dong clia ngudn. Trén thyc t€, dién dp cuc dai c6 thé nap
cho tu dién C phu thudc vao ty s6 R,/ (2 L)).

Trong may phédt xung dang mach C-C (H.11.4d) tu di€én C, thuc hi€n chuc
ning han dong. M4y phat loai ndy c6 hiéu xuat cao hon so véi may phit dang
L- C. Tan s6 clia mdy phat C — C dugc xac dinh chii y€u béi dic tinh cda diot
trong bd chinh luu.

11.4. CAC PHUONG PHAP GIA CONG AN MON PIEN :

Gia cong an mon di€n c6 thé thuc hién trén cdc thi€t bi dién cuc dinh hinh
hoic khong dinh hinh. Trong trudng hdp thit nhat bé mit chi ti€t dugc x4dc dinh
tuong wng vé hinh ddng va kich thudc v6i bé mit chuin cho trude. Trong trudng
hop thit hai thi€t bi dién cuc c6 dang rat don gidn (dang day, dia tim) va kich
thudc cda né chi lién hé tirng phan véi kich thudc cia chi ti€t gia cong.
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Viéc gia vong tao ddng chi ti€t bing phuong phidp in mon dién cé thé
thuc hién theo ba so dd sau:

1. Copy hinh ddng ctia thi€t bi dién cuc, chi ti€t c6 hinh dang bi€u di€n Am bin
(negative) so véi hinh ddng cda dién cuc (diapostive). O s6 dd ndy, dudng di
chuyén tir tir clia dién cuc sé tao ra hinh dang chi ti€t gia cong bing cach 1dy
ra khdi chi ti€t cdc vi lugng dudi tdc dung clia xung dién. P chinh xdc clia
chi ti€t gia cdng phu thudc vao do chinh xdc clia hinh dédng dién cyc in mon
cda no.

2. Chuyén ddng tuong ddi clia dién cuc va chi ti€t gia vong. Sd dd tao dang chi
ti€t ki€u ndy c6 dic di€m gidng nhu & cic qia trinh gia cong co khi thong
thudng khéc.

3. So d6 k&t hgp clia hai phuong phép tao ddng k€ trén.

Phd bi€n nhat 1a so do tao dang thi nhat ( H. 11.5) bi€u dién mot vai so
dd gia cong bing 4n mon dién.

1

1- Thiét bj dién cuc; 2- Chi tiét gia cdng
Hinh 11.5

Quaé trinh gia vong dn mon dién dudc thuc hién nhd hé thong lién két gita
mdy phat xung dién, hé thong tu dong diéu chinh khodng cdch dién cuc va thing
dién cuc.

Thung dién cuc dugc trang bi cdc loai van dic biét d€ ddm bao diéu kién
phéng dién trong chit 18ng cach dién. Trong thuing c6 thé bd tri ban riéng, trén
d6 gén dién cycva chi ti€t gia cong.

Ban va cdc dau gé 1ip dudc rdp trén ciing gia dé.

Su di chuyén dién cuc dugc thuc hién bdi mot hé thdng truyén dong tu
dong. Qu4 tring gia cong dugc ki€m tra nhd cidc déng hd dién (Volmetre va
amperemetre).
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Hinh 11.6

Sd dd diéu khién thiing dién cuc cé thé 1a mot hé thdng tu dong c6 phin
hoi. Nguyén Iy chiic ning cda khdi trong so dd dudc trinnh bay trong (H.11.6).

C4m bié€n 7 clia tin hiéu ddu ra X, tir d6i tugng dicu khi€n 6 dugc dua vao
bo so sdnh 1. G day, sai 1éch giita tin hiéu chuidn va tin hiéu dau ra dudc
khuyé&ch dai bsi khdi 2, qua bd bi€n d6i 3 va by khuy&ch dai cong suit 4. Tin
hiéu sai 1&éch dugc dua vao bd chap hanh 5 dé diéu chinh lai tin hiéu X..

C4c thi€t bi dién cuc trong gia cong in mon dién cho phép gia cong cdc
chi tiét:

Trong lugng t61 1200 kg,

Ning suét 700 mm?/phdt.

C6 thé€ thuc hién téi dd bong trén bé mit chi ti€t A7. Cong suit tiéu thu
vao khoang 45kw.

Pién 4p dua vao dién cuc c6 thé 1én tdi 250V.
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CHUONG 12
CAC QUA TRINH
VA THIET BI CO HQC
000

12.1. €O SG VAT LY CUA GIA CONG KIM LOAI BANG THIET BI

XUNG TU :

Gia cong kim loai biing xung tir 1a phuong phdp lam bi€n dang kim loai
hdp kim ctia né, dudc thyc hién bing cich bi€n ddi truc ti€p ning lugng dién
thanh cd ning ngay bén trong ban than sidn pham gia cong.

Co s& vat Iy cla gia cong xung 1a Iyc dién dong sinh ra trong vat thé din
dién, dugc dit bén trong trudng dién tir xoay chiéu.

H

r |dr

Hinh 12.1

Tu vat thé bing kim loai (H.12.1) ta xem xét mot vi phan thé tich dv cé
chiéu cao dh, chi€u rong dr va chiéu dai dl, qua dv chdy dong dién dI. Toan b
hé thdng nay dugc dit bén trong mot tr trudng H, ¢6 tif cdm :

B=p.H
V6i  p-1a tir thim cla moi trudng din tir.
Khi d6 trén dv s€ c6 tic dong mot luc dudce goi 1a lyc dién dong
df =dI [dl. B] (12.1)
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Né&u dong dién trong bo phan cam tng d€ sinh ra tif trudng 14 xoay chiéu
(néu tir trudng H 13 xoay chiéu), thi lvc dién dong trung binh sé& Ia:

Df = %5. Re {dI [dLB"]} (12.2)

Ky hiéu Re trong biéu thitc ( 12.2) ¢ ¥ nghid 1a tit ci cic dai lugng trong
ngoic méc déu dudc tinh theo gid tri hiéu dung.

Vi phdn dong dién : dl=jdq

Véi : j — mat @6 dong dién, dq — vi phan tiét dién cda vat thé, c6 dong dj
chdy qua.

Khi ma: j=ocE

V6i o : dién dan don vi ctia vat dan dién E — dién trudng dit 1€én nd,
Thi:dl=cE.Dq;dl=1"B=p, H"
Trong d6: 1* 12 don vi chiéu dai, p, - tif thAm cda vat dan.
Thay céc gi4 tri ctia (13.2 ) vao biéu thic (12 .2) nhan dudc.
dF = (1/2)Re { c Rdq[l"dl p, H']}
=didqu,c (12)Re {E[I'H}

=W, Re {(1/2) [ E.H*] } dv (12.4)
§ day : dv = dl.dq — vi phan thé tich qua d6 chdy vi phan dong dién dl.
Néu dit : Re {(1/2) [ E.H*] } =ReS (12.5)
C6 thé viét : dF=p,6.Sdv (12.6)

Luc dién dong tic dong 1én mot don vi thé tich sé 1a :
Fa=w..S.o (12.7)

Tir d6 suy ra ring, phuong clia lyc tring véi phuong tuyén ning lugng tai
di€m cho trudc. Vi vay (12.7) dudc viét dudi dang biéu thic vo hudng mot cach
c6 ¥, xem nhu Fy c6 phuong theo phuong truyén ning lugng.

Luc dién dong sinh ra mbi mdt di€m trén kim loai, 4p sudt biing :

F
dp:j_Q: F,.dv/dQ=F,dl (12.8)

Vi : dQ — bé mit trtén d6 tic dong luc dF.
dv=dQ.dl

Tai di€m cho trudc, 4p suit 12 tdng clia cic vi phan 4p sut, sinh ra tir cc
vi phan thé tich dv nim giita di€ém xem xét va bé mit clia kim loai. Vi vay, dp
sudt sinh ra tr lyc dién dong :
P= [F,.dr (12.9)

0
r

P:,ua.O'.JS.dr

0
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DPé xdc dinh Fy va P trong cédc trudng hgp cu thé, trong bi€u thitc (12.9)
cAn xac dinh gid tri cda S.

Lyc dién dong va ap luc tdc dong 1€n vat thé kim loai, c6 th€ 1am bi€n
dang bé mit clia né.

5 4
5
| o B
& G2
s
i
N H;h 12.2

So dd nguyén ly cha thi€t bi, thyc hién viéc gia cong bing xung dién
dugc mo td trong (H.12.2). Trong d6, bao gdm bd phéng dién, tu dién — bo tich
lu§ ning lugng bd chuyén mach va cudn day kich tir.

Tu dién 3 dugc nap qua bo chinh Ivu 2, tif ngudn cung cAp 1. Khi tu dién
dugc nap day, dong dién s& phdng qua bd phéng dién 4, nhd d6 cudn day kich tir
c6 dog xung dién chdy qua, sinh ra tir thong trong chi ti€t kim loai 5 va lam cdm
ung trong d6 cac dong di€n x6ay (dong di€n Foucaults).

Xung dong di€én do tu dién C phong qua cudén day L c6 thdi gian va hinh
dang dudc xac dinh bdi cdc thong sd clia mach vong phéng dién R, L va C.

Ning lugng, san sinh trong mach L va R khi tu dién phong dién dugc xac
dinh béi bi€u thic :
W,=LI’/2+BI’.1 (12.10)
Khi R << LR:
W, =0,51% (L, + Leg)
O day : Ly — tw cdm cua thi€t bi (tu, ddy dan va clia bo phéng dién)
L.q — tu cam ctia cudn day kich tur.

Ning lugng dién tir (12.10) san sinh trong mach dugc chuyén hod dudi
dang cong co hoc, lam bi€n dang chi ti€t, dusi dang nhiét, dot néng chi ti€t va
day din, mot phan tdn ra khdng gian xung quanh.
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Hiéu suit cla viéc sit dung ning lugng clia bo tich luy (tu dién) dudc xdc
dinh bdi ty 1€.
T]=\chd/VVp=Lcd/L (1211)

4p suét toan phan tac dong 1én chi tiét kg/cm?® dudc tao ra bdi mat d6 ning
lugng cda trudng dién tur.

P=B>.10°/(8n)
O day : B - tif cAm cda ti trudng.

Khi t6c do ting trudng cla tir trudng khong 16n va thdi gian xung tuong
doi dai, tir trudng c6 thé di xuyén sdu vio trong chi ti€t, 1am suy y&u tng lyc clia
vat liéu. D€ c6 gia tri 16n hon wng luc, thi thdi gian xung khong dudc vudt qua
thdi gian bi€n dang ctla chi tiét.

t,, =2ved Iv (12.12)
V6i € - dd dich chuyén clia thanh chi ti€t hih 6ng theo chiéu kéo cing, cm.
8 - bé day clia thanh dng
v — tdc @6 dich chuyén cta thanh 6ng, cm/s.
T6c dd dich chuyén ciia thanh dng khi bi bién dang.
v=[B*/(4ny) 1" (12.13)
g day : y - trong lugng riéng clia chi tiét g/em’.

Khi tu dién phéng dién, mdt phan ning luong dién tir W, bi€n thanh nhiét
dot néng chi tiét :

W,=B*p.S/(8n)
Vé6i  p - dién tré suat cia vat liéu 1am chi ti€t, Qm.
S — ti€t dién cta chi ti€t m*.
12.2 CAC PHAN TU CUA TRANG THIET BI PIEN GIA CONG XUNG TU

Thiét bi gia cong xung tir bao gdm hai khau cd ban : khau chuin bi (tich lu§
ndng lugng va hinh thanh xung dién dp va dong di€n) va khiu thyc hi€n — cong
nghé gia cong. J khau th nhat 6 may phat xung dong dién. O khau th¢t hai —
cudn day kich thich cuing véi thi€t bi gia cong.
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Hinh 12.3

Hinh 12.3 trinh bay sd do chuc ndng thi€t b1 gia cong xung tr. B tich luy
niang luong 1 dugc nap dién bdi ngudn nap 3 dé€n gid tri dién 4p can thi€t. T bo
tich luy, ning lugng dudc phéng ra dudi dang xung qua cudn day kich tr 9 nhd
chuyén mach 10 va diy din dién 11. Kh&i chic ning 4 thyc hién viéc diéu
khi€n va ki€m sodt va phat tin hiéu. B mdi Ira 8 truyén 1énh déng bd chuyén
mach 10. Cdm bié€n diéu khién 5 va bo phan 4p 6 diéu chinh gid tri ning luong
du trit. Khi dat gid tri xdc dinh cta dién 4p phég dién, khdi diéu khién 7 phat
xung dé déng bo moi dot Itra. PE triét dién 4p du trong bo tich lu§ thuc hién viéc
cua ngin mach nhd bd ngin mach 2.

M4y mdy phat xung dong dién bién ddi dong dién ta sd cong nghiép
thanh xung dong dién c6 bién dd 16n nhd sy phéong dién cia tu dién. Cac thanh
phan chil yéu clda mdy phat gdm cé bd phéng dién, tu dién, bd chuyén mach va
dot Ira.

Trong thanh phin cda bd phéng dién c6 mdy bi€n 4p ting 4p, bd chinh
luu cao 4p va thi€t bi khéi dong va diéu chinh. Tu dién dugc st dung vao viéc
tich lu§ nang lugng dung cho vi€éc phong di€n trong cong nghé gia coOng xung tu.
D€ gidm thdi gian phdéng dién clia tu dién va ddm bdo thdi gian truyén ning
lugng vao trong cudn diy kich tir ngdn, can phdi gidm ty cdm clia ban than tu
dién clia day din va cla bd phéng dién, dong thdi lam ting hiéu suit clia thiét
bi gia cOng xung tur.

Thiét bi chuyén mach phai ddm bio sy phat xung dién 4p trong thdi gian
di€m x4c dinh cho cudn diy cong tic, dong thdi cho phép xung dong dién truyén
qua trong mdt khodng thdi gian nhit dinh. C6 thé st dung bd chuyén mach co
khi, ion hoic hé quang. B6 phéng dién hd quang bao gdm ba loai két ciu chinh :
loai hd, loai chan khong, loai nap khi. Ching c6 cac uu di€m sau : gidihan diéu
chinh dién 4p rong, kha ning thay ddi 4p suit trong bd phéng dién va khd ning
chuyé&n mach gi4 tri ning lugng 16n.
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SO dd mach dién ctia bo phéng dién nap khi hai dién cuyc dudc trinh bay
trong (H.12.4). trong d6 tu di€n C,, dudc dong qua mach chinh nhd bd phéng
dién phu E,. khi d6 tu C, s& phéng dién qua mach : L, — L, — 0,5 Lo, — dat, trong
trudng hdp dé trong mach vong : C, — L, — Ly — 0,5 L, s& xuat hién dao dong
dién tu.

Tai thdi di€ém déng P,, dién 4dp tai di€m a dot ngot ting 1én tir gid tri 0 dén
gid tri U, sau d6 gidm xudng theo luit cosin. G thoi diém dau dién 4p tai diém
b bing : U, = U, do d6 dién 4p trén bd chuyén mach chinh K bing : Uy + Ug,.
G dién ap phong dién ctia b6 phéong dién : Ur < U, + U, s€ xdy ra sy phdng
dién nhd do cudn day kich tir c6 dién.

Hinh 12.4

Bo d4nh Ira c6 nhiém vu khdi dong cho bo phéng dién chinh. N6 c6 thé
12 bo khéi dong ki€u co khi hoic 13 ki€u dién. Sd dd b dinh Iita véi tu dién
dianh lta C, dudc nap day nhd bdo phéng dién chinh, dugc trinh bay trong
(H.12.5).

Hinh 12.5.

Pé khdi dong bd phéng dién chinh K, cin phai xa tu dénh Ita C,. Khi d6
trén dién cuc bo ddanh Iita sé c6 xung dién ap, do bd phéng dién phu cung cap.
X4 tu dugc thyc hién nhg tu dién phu C;. Tu nay dugc nap dién qua chinh luu
D,.

Khau cdng nghé — cudn day kich tir 1a mot trong cdc khau quan trong nhat
clia thi€t bi xung tir, phai ddp @ng dugc cdc yéu cau sau :
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1. Pat hiéu qud cao trong viéc bi€n d6i dién ning thanh cd ning dé lam bién
dang chi ti€t gia cong.

2. C6 d0 bé co va dién cao.

3. K&t ciu va cong nghé don gidn phu thudc muc dich cdng viéc, cudn day kich
c6 thé 12 mot vong hoic nhiéu vong, quan xodn &c ... Tudi tho clia cudn diy
phu thudc chi y€u vao cdch dién va cdc tinh chit co dién cda né. Cudn day
bi néng qua c6 thé 1am phéng dién giita cdc vong day, 1am hu hdng cich dién
gitta ching. Khi c¢6 dong dién 16n chdy qua cudn diy, né phdi chiu su tic
dong qua tdi vé cd va nhiét din d€n sy bi€n dang cdc vong day.

Pé€ 1am mat cudn day kich tir, c6 thé st dung chit 18ng, chdy qua cic rinh
dac bi€t trong né. Nhd d6 c6 thé ché€ tao ra cic cudn day lam viéc dugc & diéu
kién tin sd cao.

Trong cudn diy mot vong, dudc ché tao tir vat liéu din dién tot (dong,
thau) luc tdc dong theo huéng kinh. PE gidm ty cdm ky sinh ctia khe hd giita
cudn day va chi ti€t gia cong, khe hd can phdi nhd, thong thudng giita cudn day
va chi ti€t phdi ddm bdo khe hd di nhd, dugc thyc hién nhd cich dién 16t giita
chung.

12.3 PAC TINH CUA CAC CONG POAN GIA CONG XUNG TU :

Cé4c linh vyc &ng dung cda gia cong xung tf 1én kim loai rdt da dang.
Chiing dudc xdc dinh bdi dic tinh clia xung va cong sudt don vi gy ra 4p suit.
Phuong phdp gia cong nay td ra c6 nhiéu vu di€m khi gia cong cédc chi tiét bing
kim loai méng. Trong cdc uu di€m chinh cla gia cong xung tir c¢6 thé k& dén :

1. Khong c6 phan chuyén dong.

2. D@ dang diéu khi€n va diéu chinh cong suit.

3. K&t cAu bén chic cda thi€t bi, vin hanh don gidn, dé sita chita, ¢ thé td

chifc sdn xuit theo day chuyén.

4. Ning suit lao dong cao, ddm bdo diéu kién lao dong tdt so vdi cdc

phuong phap gia cong khéc.

5. Cd ciu don gidn, c6 thé ty dong hod cdc cong doan gia cong.

Nhudc di€m chi y&u la hiéu suit thip, gia cong cic chi tiét ¢6 16 va khe hé
phiic tap. Cudn day khi 1am viéc vé6i dién trudng cao dp c6 tudi tho khong cao,
gia cong cac chi ti€t c6 dd day 16n khé khiin.

Céc cong doan thyc hién bao gom : ép dgn séng cdc tim kim loai mdng,
nong rong dng kim loai, dap dinh hinh sdn pham ... Phuong ph4p nay con c6 thé
ap dung dé€ boc cac dau cable, ép cac mil kim loai 1én st cdch dién, ndi cdc chi
ti€t biing kim loai vdi cdc chi tiét khac kim loai, b6 céc chi ti€t lai vdi nhau, ép
cdc dng 16t 1én day cdp ... S6 dd nguyén 1y thyc hién cdc cong doan ké trén dugc
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md ta trong (H.12.6). Phuong phap tao didng bing thi€t bixung tf dugc mo ta
trong (H.12.7). P&i vdi cac cdng doan nhu vay, cudn day kich tir c6 dang cudn
day phang 1, khi dua xung vao, dong dién cAm wng trong chi ti€t 2, tic dong
twong hd vdi tr trudng do cudn day kich tir sinh ra sé giy ra Iyc 1am bién dang
chi ti€t gia cong.

QOO0 0
UL, [aQaa0
ARARENANAARAR AU,
Y — \
' \ 3

1 1
a) b)

1- Chi ti8t gia cdng; 2- Cudn day kich tir ; 3- Ong Iét.
Hinh 12.6
a ) N6i 6ng; b) N6t dau hai 6ng bing mét éng l6t;

a ) Néi éng; b) N6i ddu hai 6ng bang mét éng l6t;
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1- Cuén day kich tir; 2- Chi ti&t gia céng; 3- Khudn ép; 4- B3 tap trung tir trudng.
Hinh 12.7
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CHUONG 13
CAC THIET BI SIEU AM
------ 000-------

13.1. BAN CHAT VAT LY CUA GIA CONG BANG SIEU AM :

Phuong phdp gia cdng si€u am la phuong phdp tdc dong cd hoc 1€n vat
liéu. Thuat ngit siéu Am ding d€ chi tAn s6 va dap clia séng nay nim trong giai
khong nghe thiy dudc, c6 nghia 12 vao khoing 16 d&€n 10° KHz.

Séng Am thanh ban than 1a dao ddng co hoc dan hdi, c6 thé lan truyén
trong moi trudng dan hdi. PAy chinh 13 diém khéc biét so v6i dao dong dién tir.

Chiéu dai séng Am thanh : A = v/f.
Véi v — tdc @6 lan truyén séng, f— tan so clia séng.

Khi lan truyén séng Am thanh trong mdi trudng dan hoi, cdc phan tir vat
cha't thyc hién sy dao dong. Su ¢6 dic cia moi trudng doc theo séng dudc goi 1a
4p suit clia Am thanh. Giita t6c do dao dong va 4p suidt Am thanh tdn tai mdi lién
hé twong hd, dudc xdc dinh bdi tinh chit cia moi trudng. Pdi véi séng Am thanh
phing quan hé tuong hd giita 4p suit va dao dong dugc xdc dinh bdi dinh luat
Ohm trong 4m hoc :

O day : P — 4p sudt Am thanh, y — t6c d6 dao dong.

y - mat d6 moi trudng, g/m’.

V — tdc¢ d6 lan truyén séng, R, — Am tré.
T6c dd lan truyén séng Am thanh phu thudc vao mat do cda moi trudng : v =S/y
V6i S — modun (module) dan héi doc.

Tu céc cong thic trén suy ra rig t6c d0 Am thanh cang 16n thi moi trudng
vat chat cang cing va nhe.

Khi lan truyén trong mdi trudng vat chat séng Am thanh mang mot ning
lugng xéc dinh, c6 thé st dung dugc trong cdc qud trinh cong nghé. Cic wu di€m
clia séng siéu Am trong cong nghé c6 thé ké nhu sau :

1. Kha ning nhian dugc nidng lugng Am thanh nhd cac ky thuit thu 4m

khac nhau.

BO MON CUNG CAP PIEN 157



TRUONG CAO PANG CONG NGHIEP 4 KHOA PIEN

2. Léanh vuc tng dung cong nghé si€u dm rong 16n — T gia cong kich
thu6c d€n thu nhan cdc moi lién k&t bén chic (Han, han thiéc, ..)

3. Khai thic don gidn va kha ning ty dong hoa céc thi€t bi cdng nghé.
Céc nhugc di€m chi yé&u 1a :

1. Gia thanh cia ning lugng 4m thanh cao hon so véi gid thanh cua cac
dang ndng lugng khéc.

2. Phai ché& ra cic thi€t bi va khi cu chuyén dung dé phat, truyén va phin
phdi dao dong siéu Am.

Dao dong si€u am lu6n kem theo hang loat cdc hi€u &ng, dugc tng dung
lam cd sG trong cdc qua trinh gia c6ng khéac nhau.

Hién tugng khi xAm thyc : Phd hdy tinh day dic cda chat 1dng, sinh ra
khi 4p sult thAp hon mot gid tri t6i han nao d6. Tk d6 xdy ra qud trinh tao
khoang khi thyc va bot trong trudng si€u Am trong thdi gian clda pha dan nd, cé
trong 4p sudt Am thanh bi€n thién.

Su hap thu séng siéu Am cia vat chat : 12 qud trinh khong ddo ngugc,
trong d6 mdt phan ning lugng duge chuyén hod thanh nhiét ning, phin ning
lugng khdc dudc chi phi lam thay déi ciu tric cia vat chat. Sy hap thu sinh ra do
k€&t qua clia sy ma sdt tuong hd clia cdc phan tif, né phu thudc vao tinh chit clda
vat chit va ty 1& vdi binh phuong clia tan s6.

Ma siat bé miit : sinh ra do k&t qua chuyén dong cia cdc phan t¥ trén bé
mat giGi han, phin chia cac modi trudng khac nhau. Cac hién tugng néu ra § trén
la cd sG cua hang loat qué trinh cong nghé.

Sy phan chia phan tif va phan td : c6 khdi lugng khic nhau trong cic
huyén phit khong ddng chit trong Am trudng phu thudc vao thanh phan huyén
phil v tan s6 clia trudng.

Sy tich tu : dugc tim thdy & sy tao ra tif sy nghién tdn (khéi, bui, suong
mil) cdc hat c6 kich thu6c tuong ddi 16n, su chuyén dong ciia cdc phan tif khi c6
sy ton tai Iyc hiit gifta ching din dén sy va dip va két qud 1a ching két dinh véi
nhau d€ trd nén 16n hon.

Su khit khi chat 16ng : nhd dao dong siéu Am dién ra khi c6 cdc bot khi
tach ra. Khi chuyén dong, ching k&t hgp thanh cic bot khi c6 kich thudc 16n hon
va bay lén.

Su nghién tan : 13 hiéu ¢ng ngudc lai v6i hiéu tng tich tu, dugc thé hién
& su nghién nhd vat chat va tron né véi cdc vat chit khéc.
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13.2. CAC PHAN TU TRONG CAC THIET BI SIRU AM :

Céc phan tif chd y&u trong hé thong dao dong bao gédm : Ngudn tao dao
dong siéu Am, bi€n t6¢c Am thanh va céc chi tiét gia cd.

Bao gém hai dang chinh : dang co hoc va dang dién.

Ngudn co hoc c6 thé ké dén keén, coi siéu Am, nguyén ly tic dong clia
chiing dugc dua trén cd s& bi€n ddi cd ning (vi du, tdc dd chuyén dong chit 16ng
hoidc chat khi). Ngudn dién tao dao dong siéu Am, bi€n ddi ning luong dién sang
dao dong co dan hdi véi tan s§ thich hgp. Nhim muc dich nay cé thé st dung
cdc bo bién ddi ki€u dién dong, tir gidi va 4p dién. Phd bi€n nhat 12 loai tir gido
va ap dién.

Nguyén ly tic dong clia bd bi€n ddi ki€u tir gido dua trén cd s§ cia hiéu
ting tir gido doc dugc thé hién & sy thay d6i chiéu dai clia vat thé kim loai lam tir
vat liéu sit tir (ma khong thay ddi thé tich cda né) duéi tic dong cla tir trudng.
Hiéu tng tr gidi cia cac vat liéu khac 1a khac nhau. Tinh tir gidi cao c6 dudc &
nicken (nickel) va pecmendua. Ching dugc ¢ng dug rong rii trong viéc ché tao
cac bd bié€n ddi.

B bi€n ddi tir gidi bao gdm mach tir ghép tir cdc tAm mdng, trén d6 c6
quan cudn day kich thich trudng dién ti tn s6 cao. O hiéu dng tir gido, chiéu
bi€n dang ctia mach tir khong thay ddi khi thay d6i chiéu ciia tir trudng. Tan sd
thay ddi cda bi€n dang 16n gdp hai 1an tin s bién thién clia dong dién chiy
trong cudn diy clia bd bi€n doi.

Trén co s§ clia phudng trinh hiéu ng tir gido k&t hdp véi phuong phip
twong tu co dién cé thé thanh 1ap sd dd thay th€ clia bd bi€n d6i tir gido. Két
luan clia cidc phuong trinh nay dudc riit ra khi xem bd bi€n ddi tir gido nhu 14 mot
hé thong vdi thong sd rai.

— JW.S . 1 o U
_— W .Stg(K = Z, =-0 13.1
sin Kl (51 +‘§2)+ 1S a( 2)"'51 1 jon ( )
— JW.S . 1 o U
_ W .Stg(K = Z, =-—1"1 13.2
Sin KI (& +&)+ S, g( 2)+§z 2= on 13.2)

w =7 .C — trd séng cia vat li€u mach tir, trong d6
y - trong lugng riéng, g/m’

C — t8¢ do lan truyén am thanh, m/s

S — ti€t dién ctia 16 tit, m*

K =o/C v6i® - tin s6 géc, s’

I — gid tri bién d6 ctia dao d6ng cd hoc, m.
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&, va &, — tdc dd dao dong trén thanh mach tir, m/s.

7, va Z, — tong trd cd hoc trén thanh mach tir.

O, /on — hé s8 lién két co dién clia mach tir (& ddy n — s6 vong day)
U — dién 4p dit trén cudn day clia b bién ddi, V

-W.S (sinKl) va -W.Stg (K1/2) — tr§ khdng cua 15i tur.

Dong dién chdy qua cudn day :

_ U +&)am 3.3
(jol)  (om)

S6 hang thit nhi't bén vé phai clia phudng trinh (13.3) twong &ng vdi thanh
phin dong dién, c6 lién quan dén trd khang clia bd bi€n doi.

S6 hang thit hai — 13 thanh phin dong dién sinh ra phin luc cd cla hé
thong dugc quy ddi vé thdng s6 cla mach thong qua hé so lién hé co dién :
¢ = am/(®on).

Téng tré dau vao cla sd do thay thé song song Z = U/I ciing bao gédm hai
thanh phan : dién va co. N6 13 gid tri phiic vdi cdc thanh phan tihc cuc va phan
khiang : Z =R + jX.

Thanh phan tich cuc clia dién tr§ vao trong so do thay thé.

R

R, = i (13.4)
{L+[R/(2AfL)]°}
Thanh phan phan khang :
__ 2L (13.5)
T A+ 2L

V6iR - dién trd tich cuc clia so do thay thé.

Dva trén cdc phuong trinh (13.1) va (13.2) ¢6 thé xdydung sd do thay thé&
clia bd bi€n dai tir gido (H.13.1).

Kk Kg
9 5= 295 o

— o L - tr& khéng ciia bd bign d8i; r - dign tr& 8n hao; x, , X, - dién khang cua
15i mach tir, tuong (mg bang tg(Ki/2) va ~1/(sin KI).
Hinh 13.1

XL

BO MON CUNG CAP PIEN 160



TRUONG CAO PANG CONG NGHIEP 4 KHOA PIEN

Céc bd phan co trong sd dd ¢6 ba nhdnh song song :
Nhénh thit nhat c6 tdc do dao dong &,
Nhénh thit hai ¢6 t6c dd dao dong - &
Nhénh thit ba ¢ téc do dao dong &; + &,.

Bd phan co dugc ndi véi bd phan dién thong qua may bi€n dp cd dién, ma
& phan thit cdp clia n6 tdng hai téc do dao dong ty 1& véi dong dién & cudn day
SO cAp.

Tir sd dd thay thé& c6 thé tinh todn cdc thong sd dién tuong tw, nhung phai
luvu y dén hé s6 quan hé dién co ¢, dic trung cho sy lién hé giita dao dong cla
cdc phan cd ciia hé thdng va mach dién. Trong sy tuong (ng véi hé thong tuong
tu thi nhat :

Hé s6 ¢/j — st dung dé€ tinh todn chuyén d6i gid tri cac dién 4p thanh cic
Iuc co hoc.

jQ — hé sd chuyén ddi toc do dao dong ra dong dién.

¢>— hé s6 chuyén d6i dién trd ra Gng suit cd.

Céc thong s6 clia so dd thay thé thay ddi phu thudc vao két cdu va vat
liéu clia bd bién ddi.

N 1 - 56
Hinh 13.2 : trinh bay sd do két 380  -380 : 1/

A A g NEEURN .
ciu ctia bd bién doi tir gido.

1

Cudn diy 5 ctia mach tir cia bo
bi€n d6i 4 dugc cung ciAp bdi ngudn 2
dong dién tan s cao 1. Duéi tic dong

cua mach nam chiam dién 3 va 6, dudc i 17

cung cip bdi ngudn dién mot chiéu 2 i /\\Q
s& sinh ra tif trudng mot chiéu. N6 sé& :{:\8

sinh ra trong 16i thép clia bo bi€n ddi 10
trang thai tif hod ban diu- su phin cuc. Hinh 13.2

Do 16i tir gido 4 dudc dit trong tif trudng mdt chiéu thay ddi chiéu dai clia
minh dén gid tri 1,. Khi déng cudn diy 5 vao mdy phdt 1, dong dién xoay chiéu
tAn s cao s& sinh ra tir trudng cung tin s6. K&t qud 1a torg mach tir sé chdy hai
tir thong. T thong mot chiéu véi tir cdm B, va tir thong xoay chiéu véi tir cdm
B-. Tai mot thdi di€m bat ky, tir thong tdng By c6 gid tri bing tong dai s0 :

By =B, +B-

Tuy theo chiéu cda tir thong

- Khi By #0, 16i c6 chiéu dai 1,
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- Khi tir thong c6 huéng chdy ngudc, va khi By = 0, chiéu dai cla 16i
mach t 1, # 1.

Nhu vdy, nhd c¢6 ngudn phdt cao tin 1, bd chinh luu 2, bd tap hgp 7 (bd
bi€n tdc d6 Am thanh), ning luong dién dugc chuyén hod thanh cd ning cia dao
dong. Cac thanh phan cdng nghé clia bd bi€n d6i 8, tic dong lén chi tiét gia
cong 10.

Nhudc di€m clia bo bi€n d6i tir gido 13 sy xuat hién cda tén hao trong
mach tir xoay chiéu cin phai c6 dong dién tir hod, tinh kinh t&€ khong cao va hiéu
sudt thap.

Hoat dong ctia bo dao dong dp dién, dua trén kha ning ciia mot vai vat
chat c6 thé thay ddi kich thudc hinh hoc cda minh (thé tich, bé day) khi nim
trong di€n trudng.

N

Hién tugng 4p dién la hién

tudng hai chiéu, c6 nghia 12 n€u mot
tAm kim loai tr vat liéu 4p dién bi

e [ e |

NN
e

diat dudi tic dong cla sy bién dang -
nén hoic kéo thi trén bé mit clia né '
déu xuat hién dién tich nhu nhau.
Khi phan tf 4p dién dugc dit trong
dién trudng xoay chiéu, thi né bi o— el

bién dang ddng thdi c6 thé giy ra o—E=S |

o o0 A~ W

trong moi1 trudng xung quanh sy dao , 1:1]
dong siéu am. Cac phin t& 4p dién b
dugce lam to hgp kim : titan — bari, 1 B& dung dich; 2- Déy bé; 3 Céc thanh
kém — titan — chi dugc ung dung phan keo; 4- L&p I6t; 5- Dia lam tir vt liu

0 ai A1 k&m -titan - chi; 6- TEm 16t phan xa dudi.
rOng rai nhat. Ll

TAm kim loai dao dong lam tir vat liéu 4p dién chinh 13 cdc bd bi€n doi
dién co.

Sd dd nguyén 1y cda bo bién d6i dp dién (H.13.3) c¢6 sd dd thay thé dudc
x4y dung trén cd s clia cdc phuong trinh tudng ty nhu clia cic bo bi€n ddi tir
gido:

. W, +S
—I=3 Kd2 (& +E)+ JeiWStg( j+§1z +F =9U (13.6)
. W +S,
—j= +&,)+ JEW, St +&,2,+F, =¢pU
J sin Kd (&, +S,)+ 1S, g[ J S5 =@
& day : W, S| =Z,— tng suit co clia tAm tr gido.

F\F,Z,Z, — phu thudc tryc ti€p vao moi trudng
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Z,Z, — Gng sut co moi trudng
Khi phat dao dong trong moi trudng khong gidi han F|F, c¢6 thé bd qua.

Trong diéu kién 1am viéc thuc hién clia cdc bd phat séng siéu am, gid tri :
F\F,Z, va Z, dudc xac dinh bdi cdc qua trinh c6ng nghé cu thé.

Céc phan tir dién va cd cla sd d6 (H.13.1) lién hé v6i nhau thong qua su
bi€n d6i dién co, cho phép tinh todn cic thong sd vé cd thong qua cic thong s6
vé dién va ngudc lai.

Tu dién C dugc xac dinh theo cong thic tu dién phing.
C=¢,.S/d (13.7)
V6i: g4 — hé s6 dién moi clia vat lidu ty gido.
S — dién tich, d — bé day cia vat liéu tir gido.
Pién trd, sinh ra tir ton hao dién méi :
Ra=127fC.tg 5 (13.8)
§ day, tg & - tang clia géc ton hao dién mdi clia vat liéu
Cong suit ton hao :
Py, = U?/2 (Ry) (13.9)

Tur sd do thay thé c6 thé xdc dinh dién tré ddu vao va bi€n ddi dao dong
ctia ddu mit bo bi€n d6i. N&u kich thudc cta bi€n d6i khong 16n hon nhiéu so
v6i do dai séng trong mdi trudng va (p ¢)e, / (p ¢) < 1, thi dién tr§ dau vao va
bién d6 dao dong ctia ddu miit bd bi€n d6i dudc x4c dinh theo cong thic :

Z=ipCStag (K +(pS/cos’ (K (13.10)
& = & /cos (Kq)
g day : &, va & — toc dd dao dong clia ddu miit bd bi€n ddi.

T sd @b thay th€ suy ra riing tin sd cong hudng clia bod bién ddi 4p dién &
dién 4p mot chiéu dudc x4c dinh béi tr§ khdng cla cdc co phan trong hé thong.

Piéu kién cdng hudng ctia by bién ddi dp dién dugc xdc dinh bdi biéu

thire:
tg (Kg) =2 /KDy (13.11)
§ day : D, — bé diy clia tAm kim loai quy ddi theo bé mit ctia 16p v4.

Vi du : vé tng dung k§ thuat ctia by bi€n ddi 4p dién, 1a thi€t bi phit séng
siéu Am vao dung dich dé€ tao sy déng nhat clia né. (H.13.3). Dung dich, chay
vao binh theo ranh hoic dudc dd vao, dugc chi€u siéu Am trong mot thdi gian
nhA't dinh, nhd d6 thic ddy qud trinh hoa tan cdc thanh phan.
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2. B0 bién toc Am thanh :

(B tap trung dao dong dan hdi doc)

Chiing dugc duing d€ phdi hop thong s6 clia bd bi€n d6i va tai, nham muc
dich c¢& dinh hé thong dao dong va dudng din dao dong siéu Am vao trong ving
tdc dong cla vat liéu. BO phan nay ban thin 12 mot vat ¢ dang mi€ng véi tiét
dién khdc nhau. Chiing dugc 1am tir vat liéu citng, chiu 4n mon, mai mon, bén
vitng trong cdc moi trudng xam thyc,...

== T> 0=

Hinh 13.4

Hinh dang khdc nhau clia bd bi€n tdc Am thanh dudc trinh bay trong
(H.13.4). Chiing dudc dic trung bing hé s tap trung dao dong.

Chiing c6 dang mot dau c6 tiét dién 16n va mot dau c6 ti€t dién nhd. Su
ting Ién cla bién d6 dao dong & dau c6 ti€t dién nhd, so vdi bién dd dao dong &
dau c6 tiét dién 16n dugc gidi thich ring, & cing mdt cong suit dao dong trong
tdt cA cdc ti€t dién cda bd bi€n ddi Am thanh. Mat dd dao dong & ddu nhd k 1an
16n hon.

3. Nguon cung cap cho cic thi€t bj siéu 4m :

Y
000/

OE,

Hinh 13.5
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Ngudn cung cAp c6 nhiém vu bi€n d6i ning lugng dién tan sd cong
nghiép sang ning lugng cla dong dién xoay chiéu tin s6 siéu am d€ kich thich
bd bi€n ddi. Chiing cin phai thda méin cic yéu ciu sau day : phai cé tin s phat
on dinh va c6 thé diéu chinh trong pham vi rong, c6 thé diéu chinh cong suit,
gid thanh khong cao 1dm, khdi lugng va kich thuc nhd, 1am viéc tin ciy va van
hanh thuin Igi.

Hinh 13.5: trinh bay s d5 nguyén ly clia m4y phat siéu aAm transistor tu
dong diéu chinh tin s6. Tai cda mdy phat 1a bo bi€n ddi tir gido M. M4y phat
bao gbm 2 ting:

TAng th nhit: ngudn kich thich c¢6 dang 1a mot bd phat chin vdi cac
transistor T; va T, dudc cung cAp ngudn bsi bo chinh luu dién dp c6 ngd ra E;.

Tang thi hai — ting ra: dugc thuc hién theo so dd ban ciu, cé céc
transistor T; va Tjy.

T4i M n6i vao may phat qua bi€n d4p phdi hdp TR, mach dién phdi hgp
bao gdbm C,, L; vd C,, L, mdy bién 4p vi sai ¢é phin héi TR; dude dua vao cuc
gdc clia cdc Transistor T; va T, n6 thyc hién viéc dong bo hod cong tic clia bd
kich thich.

Trong mdy phdt con cé kh3 ning diéu chinh theo mifc cong suat tir 10 dén
100% gi4 tri cong suat dinh mitc. Cong suat tiéu thu tif ngudn : 180VA, cong suit
dau ra : 100W, tan sd cong tdc (22 +1,65) KHz.

13.3 UNG DUNG CONG NGHE CUA DAO PONG SIEU AM :

Ung dung cdng nghé cia siéu Am dudc thyc hién theo ba hudng co ban
sau: tic dong luc 1én vat lidu, ting cudng hod cidc qud trinh cong nghé, ki€m tra
bing siéu am.

1. T4c dong luc 1én chi ti€t gia cong :

Pugc tng dung d€ thyc hién gia cong co khi cdc hdp kim citng va rit
citng, nghién tan, nhii tuong ho4, 1am sach bé mit cdc tim mdng ...

Sd dd nguyén Iy cda gia cong kich thudc siéu Am theo phuong phép chudt
dudc trinh bay trong (H.13.6), 0] phuong phap gia cong nay, di€ ra sy pha hiy
dinh hudng cédc vat liéu cing, don nhd dung cu 3 dao dong luc va dip bdi bod
phan nghién, tdn l1&én céc hat 9, dugc dwa vao dudi dang huyén phu 8 qua khe hé
gitta dAu mit cia dung cu va sin pham.

Tuy ring ning suit cia mdi 1an dip khong ddng 1a bao, nhung ning suit
clia viéc gia cong siéu Am tuong d6i cao, vi né dugc tao ra do tin sd dao dong
cao cia dung cu (6 — 30 KHz) va s& lugng bot mai 16n chuyén dong véi toc do
cao trén bé mit cda chi ti€t gia cong. Duéi tdc dong clia va dap 1én bot mai sé
giy ra sy trudt, dAp v& cdc phan tir vat liéu.
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1- Chi tiét gia cdng; 2- Binh; 3- Dung cu; 4- Bién t6c Am thanh; 5- B bi&n ddi tur;
6- V6 lam mat; 7- May phat siéu &m; 8- Khe hd; 9- Bét mai.
Hinh 13.6

Téc dong nghién tdn, nhii tuong hod cia siéu Am x4y ra dudi tic dong clia
séng siéu Am tap trung, dudc thé hién qua tic dong xam thuc va chdy rdi chat
16ng, nhd d6 c6 thé nhan dudc cdc chit nhii twong tif nudc va diu, thiy ngin va
nudc, xdng va nudc ...

San xuat nhil tuong biing cdch nghién cic chit rin nhd séng siéu Am cho
phép 1am ting ning suit cia qua trinh. Vi du, nhd siéu Am c6 thé rit ngin qué
trinh sdn xuat nhii tvong tr magie oxyt (MgO) tir 25h cudng con 40 phiit.

Phuong phdp siéu 4m con c6 thé dugc st dung dé€ 1am sach cdc chi tiét
kim loai khéi cdc vét gi, kem, nhua hic in, 1am sach cdc sin phdm bi &n mon ...

Hiéu t¢ng lam sach biing siéu 4m hiéu qua nh't 12 tdch cdc vét ban & cdc
rinh khé cham dugc tdi, Iam sach cdc chi ti€t nhd c6 hinh dang kh4c nhau, cdc
sdn pham thdy tinh.

2. Thiic diy qu4 trinh cong nghé :

Dao dong siéu Am c6 thé 1am thay doi ti€n trinh ctia mdt vai qud trinh héa
hoc. Pac biét viéc x& 1y siéu 4m lam ting nhanh qué trinh polyme hod axetat
(CH3;COOM), nhil tuong, khit axetal (C,H4 (OC,Hs); ...

Quaé trinh polyme hod nhanh, dugc quan sat thiy khi c6 tic dong luc clia
siéu am. Khi gidm lyc tic dong c6 thé xdy ra qué trinh ngudc lai khir polyme.
Tinh chit nay cla dao dong siéu am dugc st dung d€ di€u khi€n phan ng
polyme hod. Thay ddi tin sd va cudng d6 dao dong siéu 4m, c6 thé dp ng yéu
cAu tdc do phan tng.

Trong qué trinh luyén kim khi dwa dao dong dan hoi véi tin s6 siéu Am
vio trong kim loai 16ng c6 thé din dén viéc lam thay ddi cdc mang tinh thé va
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thic ddy qud trinh tinh thé ho4, 1am gidm cdc bot khi c6 14n trong kim loai dic,
ting dd bén co clia cdc hop kim khic nhau.

Hang loat kim loai nhu chi, nhom khong hoa 1an & trang thai 16ng. Khi c6
sy tdc dong cta dao dong siéu Am, s& c6 th€ 1am hoa tan kim loai ndy vao trong
kim loai khéac.

3. Cic phuong phap ki€m tra biing siéu am :

Dudi su hd trg clia dao dong siéu Am c6 thé ki€m tra lién tuc ti€n trinh
qué trinh c6ng nghé, ma khong phdi thuc hién cic th nghiém trong phong thi
nghi€ém.

Khi xdc 1ap sd bd quan hé ciia cic thdogn sd séng siéu Am va tinh chat vat
ly clia mdi trudng, ta dong thdi do bién dd dao dong clia cic phan ti.

Dao dong siéu Am cudng dd cao hay tdc do am thanh 16n, c6 thé nhin
dihdig vé trang thai clia moi trudngva céc thay d6i cla né.

Vé nguyén tic cac phuong phdp ki€m tra bing siéu Am dudc thuc hiénnhd
dao dong siéu Am cudng do khong 16n 1dm. Phu thudc vao céc dic tinh héa — 1y
ctia mdi trudng, toc dd Am thanh trong d6 sé khac nhau.

Khi thay ddi ning lugng séng Am thanh cé thé ki€m tra thanh phan cda
céc loai hdn hgp khic nhau khi ching khong phai 1a cdc lién két hod hoc. Toc
dd am thanh trong cdc moi trudng d6 1a khong thay ddi, con sy ¢ mit cia tap
chit 4nh hudng d€ hé s6 hap thu ning lugng Am thanh. Nh& d6 cho phép xdc
dinh ty 1& phan trim tap chat chifa trong thinh phan vat chat.

Khi s6ng 4m thanh di qua giSi han cia hai méi trudng né bi phan xa mot
phan. Po chénh 1éch ning luong séng di xuyén qua gidi han va séng phin xa
phu thudc vao ty 1é Am trd clia cdc vat chat khac nhau.

Tur cdc séng phan xa cé thé xdc dinh ham lugng tap chit c6 trong cic don
tinh thé va nguyén 1y d6 c6 thé ch€ tao cdc dung cu chan dodn bing siéu Am.
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CHUONG I: CO SO VAT LY - KY THUAT CUA PIEN NHIET
1.1. Khdiniém vé dién nhiét va c4c bién phdp bi€n d6i dién nhiét.

1.2.  Vatliéu st dung trong cic 10 dién.

CHUONG 2: CAC THIET BI POT NONG BANG PIEN TRG
2.1. Bdn chit vatly clia dién trd.
2.2.  Céc phan t dién tré dot ndng.

2.3. Caéclo dién trd.
2.4. Trang bi dién va di€u chinh thong s6 10 dién trd.
2.5. Céc thi€t bi dién xi .

CHUONG 3: CAC THIET BI HAN TIEP XUC

3.1. Ban chat vatly va phan loai cdc dang han tiép xic.
3.2. Han n6i dau.

3.3. Han di€m.
3.4. Han lan (han may).

3.5. Trang bi dién may han ti€p xic:

CHUONG 4: CAC THIET BI POT NONG BANG CAM UNG VA PIEN
MOI

4.1. Co sd vatly — k§ thuat clia d6t néng bing cdm dng.

4.2. Céc thi€t bi ndu chdy bing cdm ng.

4.3. L0 nung cam dng.

4.4, Co s vatly clia dot néng dién moi.

4.5. Thi€tbi d6t n6ng dién moi:

4.6. Ngudn phét tan s cao.



CHUONG 5: THIET BI POT NONG BANG HO QUANG PIEN

5.1.  Suion héa chat khi va kh4i niém vé plasma.

5.2. Cé&u tric cia sy phéng dién hd quang.
5.3.  Dién cyc dung trong c4c thi€t bi hd quang.
5.4. Céc10 luyén kim hd quang.

5.5. Trang bi dién trong cic 10 luyén kim hd quang.

5.6. Lo hd quang chan khong.
CHUONG 6: CONG NGHE VA THIET BI DUNG NGON LUA PLASMA

6.1. Cd ch€ tao ra ngon Ita plasma nhiét dd thap va lanh vyc ng dung.
6.2. Thié€t bi tao plasma nhiét dd thap (plasmatron)

6.3. Céc dic tinh va ngudn cung cAp ning lugng cho plasmatron.
6.4. Thi€t bi plasma dung d€ cit va han.
6.5. Thié€t bi plasma tao I6p pht bé miit.

CHUONG 7: CAC THIET BI HAN HO QUANG

7.1.  Co sd vatly — k§ thuat clia han hd quang.

7.2. Ngudn cung cip ning luong cho hd quang.

7.3. Mot s6 dic di€m vé mit 1y thuyét cia mdy bi€n 4p han.

CHUONG 8: THIET BI POT NONG NHO CHUM TIA ELECTRON
8.1. Cd sd vatly — kg thut cia d6t néng nhd cham tia electron.

8.2. K&t ciu thi€t bi chum tia electron.

8.3. Ung dung trong cong nghé ctia thi€t bi d6t ndng chum tia electron.

CHUONG 9: THIET BI LASER
9.1. Nguyén ly lam viéc cd ban cta laser.

9.2. Céicloai mdy phat xa laser.



9.3. Cong nghé gia cong bing tia laser.

PHAN II: CAC THIET BI GIA CONG PIEN HOA PIEN VAT LY
PIEN CO PIEN PONG

CHUONG 10: CAC THIET BI PIEN PHAN
10.1. Cd s ctua gia cong dién hoa.

10.2. Dién phan dung dich va dung dich hoa tan.

10.3. Trang bi dién trong sdn xuat dién phan.

10.4. Ap dung cong nghé dién hod trong cong nghiép ché tao mdy.
CHU’GNG 11: GIA CONG KIM LOAI BANG PHUONG PHAP AN
MON PIEN

11.1. Pdéc tinh chung va co sd vat 1y cua qua trinh.

11.2. Céc thdng s6 cia su phéng dién xung.

11.3. Cac mdy phat xung.

11.4. Cac phuong phip gia c6ng an mon di€n.

CHUONG 12: CAC QUA TRINH VA THIET BI CO HQC

12.1. Co sé vatly clia gia cong kim loai biing thi€t bi xung tir .
12.2. Cé4c phan ti¥ clia trang thiét bi dién gia cong xung ti.
12.3. DPic tinh cia cic cong doan gia cOng xung tir.

CHUONG 13: CAC THIET BI SIEU AM
13.1. Ban chat vatly clia gia cOng bing si€u Am.

13.2. C4c phan tif trong céc thi€t bi siéu Am.
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