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Khoa Pién — Pién T& Trudng Pai Hoc Ky Thuat
(Nh@n dugc ngay 15/04/1998)

Tém tit:

Céc loai nam chim dién thudng gip déu c6 tic dong mot chiéu. Khi dua dong di¢n
vao cudn diy clia né, phin nip chuy&n ddng bi hiit vé phia cuc ti. Chuyén dong ngudc
lai dugc thyc hi€én nhd hé thong 10 xo phdn lyc. Nam chidm dién ddy, c6 thé thuc hién
stt chuyén ddng theo hai chiéu ctia phin ng khi thay d6i dong dién qua cdc cudn diy.
Bai bdo gidi thiéu phudng phdp va trinh ty tinh todn nam chdm dién ddy c¢6 mach tf
hinh try.

Nam cham dién gip trong thuc t€ thudng 1a loai tdc dong hit. Khi dua dong
dién (dién 4p) vao cudn day kich thich, bat ké chiéu dong dién d6 1a nhu th€ nao, mot
chidu hay xoay chiéu, phin #ng cia nam chdm dién déu bi hit vé phia cdc cuc tiong
ing cda mach tir.

Bai bdo nay s& dé cp tdi viéc thi€t k&€ mot loai nam cham dién c6 nguyén ly
hoat dong hdi khac mot chiit dugc goi 12 nam chdm dién tdc dfng ddy. Nam ch&m dién
tdc dong ddy bao gdm hai nita mach tif c6 cang hinh dang va kich thudc. Trén mdi mot
nita mach tiY ¢ dat cudn day kich thich. Cic cudn day kich thich nay hoan toan gidng
nhau vé moi perdng dién (hinh vé& 1). Khi hai cufn diy dudc dau véi nhau ngudc cuc
tinh va dudc ndi vao ngudn dién mot chiéu, 8 mdi nita mach ti déu xudt hién tif thong
khép kin qua khe hd khong khi va phin mach tir cia minh. Trong khe hd khong khi, cdc
tir thong nay tdc dong tuong h& véi nhau, sinh ra luc ddy giita hai phan clia nam cham
dién.

Céc quan hé cd ban ciia nam cham dién loai nay nhu sy phu thudc gitta tr dan
khe hd khong khi va su bi€n thién clia khe hd khong khi G = f(8), dédc tinh cd P = {(5)
khi Iw = const di dudc nghién cttu kj ludng va dudc cong bd trong cdc tai liéu tham
khdo [1,2].

Nhiém vu thi&t k& dugc phdt bi€u nhu sau: Hay xdc dmh cdc kich thuéc chinh
cla mach tf va cuon ddy nam chdm dién, théa mén céc thong sd cho trudc va thda mén
céc diéu kién vé phdt néng va mat dj tir thong trong mach tu.

Céc dai lugng cho trudc la: lyc ddy ctia nam chdm dién P tai mdt gid tri xdc dinh
ctia khe hd khong khi 84m, nhiét do ciia méi trudng xung quanh va dién dp nguon Wi
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Kich thudc cia mach tit dugc biéu dién thong qua cic dai lugng khdng s do
nhu sau:

B d L .8
]..1 X=— » =—, Z=— 5 8 —
s D ¥ D D D
Theo [1] déc tinh cd clia nam chdm dién tdc dong dé’y c6 thé viét dudi dang:
12 P e 8

Py (35. 4 1)2
Trong cong thiic trén, theo [1], a = ao.eX*%7",

p,=F e Gm=u0XDln(1+2l_x]
D X-y

Dic tinh (1.2) s& dat gid tri 16n nh4t tai khe hd khong khi cho trudc, khi thda
min diéu kién sau:
13) L _on®
dx dy

Sau khi dwa diéu kién (1.3) vao trong cdng thic (1.2) thay ring cyc tri clia dic
tinh dat dugc & diéu kién:

=0

(14) A8 g=1
Khi d6 Iuc tir s& 1a:

. 1
15 Pi=—np
(1.3) Py 43;,

Suy ra néu luc tif cho trude théa man diéu kién (1.5) thi nam chim dién dugc
thi€t k€ theo c4c s liéu ban ddu nhu th€ s&é ddm bido c6 luc ddy cuc dai. Vay néu:
P*bd = P*m’ va B*bd = 8*“7 thi

(1.6) P-—P _cm’ :
D 45,

Mit khdc, stc tif ddng F clia cucfm day kich thich c6 thé biéu dién théng qua kich
thudc mach tir:

, X-Y,
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G day j 1a mat do dong dién cho phép ciia ddy déin, Kiq - hé s8 18p ddy cudn

Cong suat ton hao do sy ph4t néng ctia cudn day la:

(1.8) W=K;tSn=K.12nD*Z (X +KpY)

Trong biéu thifc (1.8) K, 14 hé s6 tda nhiét ctia mach tit, t 13 d6 chénh 1éch nhiét
dd clia cudn day, Sy — bé mit lam mét, Kp - hé s6 tinh d€n sy téa nhiét clia bé mit bén
trong cudn dy so v4i bé mit bén ngodi clia né.

Cong sudt ton hao W cfing c6 thé x4c dinh thong qua dong dién va dién trd day
din nhu sau:

(1.9) W =1 p:KigVea=I* p: Kiam D’ [(X/2)*-(Y/2)") Z

p- 12 dién trd sudt cia day din & trang thdi néng.

K&t hop c4c bidu thic (1.7), (1.8), (1.9) nhan dudc:

2K K, e(X+K. Y(X-Y
(1.10) F=ZD KigelX +K, Y )D
p.(X+Y)
2 (X+K.YIX-Y %
(111) Q= ZPbdpt - =XZ4 ( * B X )1n2 X Y
BK K, 18, & X+Y X~y

Q dugc x4c dinh ti cic dai lugng cho trudc ban diu.

Tl cdm cia 16i thép mach tit & vi tri ¢ do tir thong 16n nhd't chay qua khong
dugc vugt qud gid tri cho phép tudng tng vdi vat liéu sit tir. Ta cé:

@
(1.12) B, = Do _ OPom

So 8
G day o >1 12 hé 6 rd clia mach tiY, So 13 ti&t dién 16i thép mach tir & chd c6 it
théng 16n nhdt chay qua, @gmax 12 gié tri 16n nhat clia tif thong qua khe hd khong khi.
Mat khac:
(1.13) @ dpax=F Gpax

con
1
1.34) G, =6 {1~
(119 G e ( ad +1)

Khi khe hd khong khi 8y ti€n tdi oo thl Gy ti€n tdi G,

Hé s0 10 o phu thudc vao kich thudc va dd 16n ciia nam cham dién va khe hd
khong khi. N6 ting 1én khi khe hd khéng khi gidm.

Thuyc nghiém ti€n hanh trén mdt s& Iugng di 16n ciia nam chdm dién ciing loai
[2] d4 do dugc cdc gid tri ¢ § khe hd khong khi vd cling 16n nhu sau (bang 1.1) :

Béng 1.1
MAu s6 1 2 3 4 5 6 7 8
Hésoro | 3,66 4,9 4,5 5,08 3,87 3,6 4,5 4,08
MAu sé 10 11 12 13 14 15 16 17
Hé SO rd 3,47 s 4,49 3,85 4,07 4,6 3,7 3,28
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K&t hop céc bidu thie (1.12), (1.13), (1.14) ta nhén dugc cdc biéu thic sau:

(1.15) R = BaT 1 pt =¥2 (X+KBY)(X.—Y)IH2——X—Y
dpoo 1 2K K18 Y (X+Y)s X-Y

ad  +1
Khi 8max = ©

(1.16) R Bl Pt =X§ (X*‘KBY)(X.—Y)]nz“X—Y
4poo 2K K8 Y (X+Y)s X-Y

Ham muc tiéu — chon ham muc tiéu la thé tich ctia nta mach tiY nam cham dién:

max

3
@1n v=2pL=27>
4 478

Thé tich biéu dién thong qua c4c dai lugng s6 do c6 dang:
(1.18) V'= ¥ Z

G~
4

K&t hgp cAc bidu thifc (1.11), (1.16) va (1.18) ta c6:

(1.19) V'=-—V-—=£,3=\F‘+y - 3‘j L
(EJS3 d x+kgy x-y YRy ¢ 2—-X—Y
4

Khid —> o, V' >V

Bai todn t8i uu dugc phat biéu nhu sau:

Hay tim céc gid tri Xu, Yuw, Zu khi ham muc tiéu (1.19) dat gid tri nhd nhat va
thda man céc didu kién cho trude (1.11), (1.16). Tt biéu thic (1.19) thdy ring V chi
phu thudc truc ti€p vao X va Y ma ching vé& phin minh lai khong phu thudc vao Q va
R. Trong khi d6 Q va R c6 thé tinh dudc thong qua c4c thdng s8 dinh mic cia nam
chiam dién. Con 8w VA Zy s& phu thude vao Q va R. Tir cic biéu thitc (1.11) va (1.16)
taco:

i R2 4
(1.20) 8m3'(1~-——5,—1—J= S
ad,, +1) 2 Qx T

X Y
Khi 8" — o
2_4

(1.202) 8, = P;_y; ~

ilox, Tl a3

\ Xoe " Y

+y, )00
3 X -
\ xm(xm +'k|3Ym')(xnr "'Yn:)ln'——w—m”
w Y

Céc gid tri Xy V2 Y tim dudc trong gidi han:
0,19<x<0,9
(1.22) 02<y <045
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Pua vao céc gia tri
citaQvaR
!
X=X, Y=Y,

V.. = 19865
4

Tinh cac gia tri z
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Céc gid tri Q va R cho trude theo bang 1.2
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Viéc tinh todn cdc gid tri Xw, Yo Lt S*M dudgc thuc hién theo phuong phdp quét.
S db khoi ciia chudng trinh thanh 14p cho MTDT dugc trinh bay & hinh vé 2.
K&t qua: Xu= 0,85, Y =0,45. Cdc gid tri Zy, 8 o phu thudc vao Q va R. Céc

hinh vé& 3,4,5 biéu dién céc quan hé Vi, Zus & o V2 Q, R nhin dugc tY tinh todn trén
MTDT.

PHUONG PHAP THIET KE:

St dung céc két qua & trén d€ thi€t k&€ nam chim dién tdc dong ddy dugc tién hanh
theo trinh tu sau:

1. Xéc dinh cic thdng s& dinh miic cho trude.

2. Chon cdc dai lugng cho phép, xdc dinh cdc hing va hé s3 trong cdc cong
thite (1.2), (1.11), (1.15), (1.16), (1.19)

3. Tinhtodn gi4 tri cda Q theo (1.11)

4. Tinh gid tri sd bd ciia R theo (1.16) v6i gid thiét ring 8 — oo va 18y gid tri s0
b6 cla o theo bang 1.1

5. Xéc dinh céc gid tri X = 0,85; Yo = 0,45, 8" (hinh 5), Zy (hinh 4)

6. Xdc dinh cédc kich thudc con lai clia mach tir (1.1) sau khi tinh D = Sam!S w
theo (1.1)

BzXyD,d=YuD:L=2ZuD

K&t quéd tim dugc 1a phuong dn ban dau vé kich thuéc nam chdm dién, trén cd sd

dé tinh dudc Ge (1.2), a(1), & va Smax, qua d6 chinh xdc héa gid tri cda R va V’ (1.19).
Sau d6 14p lai trinh tf thi6t k€ tir budc th 4, k&t qud chinh x4c s& nhdn dugc khi hé s6
rd ¢ § cdc budc tinh lién ti€p nhau khong sai khdc nhau qué 10%.

7. Trén cd sd céc kich thudc tinh dudc, c6 thé ti€n hanh theo cdc phudng phap

thong thudng d€ x4c dinh cdc thong s6 cda cudn day kich thich.

OPTIMAL DESIGN.OF PUSH ELECTROMAGNET
WITH CYLINDRIC CORE

Nguyén Chu Hiing
Abstract:
The article introduces the method of design of push electromagnets that operate quite

different from the ordinary ones. It present also the algorithm of calculating of their
dimension and characteristic.
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