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SU DUNG HE CO PIEN Dﬁ KHAO SAT ANH HUGNG CUA
HIEN TUGNG MOI LEN TON THAT NANG LUGNG DO TU TRE

Vin Hitu Thinh', Nguy&n Xuén Hang?
"Trudng PH Su Pham K§ Thuit TP. HCM, *Vién Cd Hoc Ung Dung TP. HCM.
(Bai nhdn ngay 23 thdng 3 ndm 2004, hoan chinh va sita chita ngay 10 thdng 6 ndm2004)

TOM TAT: Tén hao ndng lugng trong mét chu ky do tiv tré dugc xdc dinh theo cdc dai
lugng tix B va H, la mét chi tiéu ddnh gid diéu kién lam viéc ciia hé co dién. Bai bdo trinh bay
cdc két qud nghién citu thyc nghigm vé qui lugt thay déi ciia t6n hao nding lugng trong mjt chu ky
do tir tré ciia mgt h¢ co dién thudc linh vic thi nghiém méi kim logi.

1. Mé Piu

Trén thyc t€ c6 nhiu hé cd dién da ing dung Iy thuy&t dién t¥, chdng han nhv dong cd dién, miy
phét dién ...

Trong bai bdo nay ta xét mot hé cd dién gdm phin cd 13 miu bing thép AISI 1045, chuyén dong
quay va chiu u6n trén thi€t bi thi nghiém méi, phdn dién 12 cudn diy Solenoid véi 10000 vong diy 1a
mach dién. Mau thép thi nghiém déng vai trd 12 16i ciia cudn diy Solenoid. Trong hé cd dién nay, miu
thép thi nghiém déng vai trd 12 mach tir, cudn diy Solenoid 13 mach dién, dudc trinh by & hinh 1 va 2.

Uc

C
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Hinh 1: So d6 hé co dién Hinh 2: Thi&t bi thi nghiém

Theo [1] ta d bi€t 4nh hudng quan trong clia hién twgng mdi trong kim loai 1am thay ddi cd tinh
ctia kim loai. Tir nhiéu céng trinh nghién cifu ta ciing bi€t ring tir tinh ciia kim loai lién quan dén
thanh phan hod hoc va cd tinh cita kim loai. Nhu vdy do 4nh hudng cla hién tugng mdi lam thay ddi
mot s8 cd tinh clia mAu kim loai thi ti¥ tinh cda m&u thi nghiém ciing thay d6i theo.

Dudi tic dung ciia ngudn dién xoay chiéu s& cé su tuong tdc gita mach dién vA mach t¥ ciia hé cd
dién. Bing cdch thi nghiém theo phudng phdp phin tich tir ta s& xdc 1dp qui ludt thay ddi céc dai
* lugng v& tir ciia mAu. Trén thuc t€ cé nhiéu phuong phép phén tich tir, trong d6 phuong phip dong dién
xoay chiéu dic biét c6 nhiéu wu diém va phd hgp véi miu thi nghiém c6 mat cit ngang khong ddi. Khi
cd tinh va tif tinh ciia 15i thay d8i s& tao ra sy léch pha giita ddng dién cdm ng va sifc dién dong cdm
tng trong cudn diy Solenoid, tao ra dudng cong tif ir& va t8n hao ning lugng trong mét chu ky. Bing
cdch do t8n hao ning lugng trong mot chu ky do tif tr&, chiing ta c6 thé ddnh gid sy thay ddi vé tinh
chi't tif cdia 161 (miu thi nghiém) va dua ra sy dy bdo tudi tho cda miu thi nghiém.

Trén cd s3 1y thuy&t v& hé phuong trinh Maxwell, dinh 1y Umop — Poynting ddi vdi trudng. dién tir
bi€n thién didu hoa va tdn hao ning lugng do tir tr& cda cudn day Solenoid c6 161 bing vat lidu sit i,
chiing t&i da ti&n hanh nhiéu thi nghiém v6i hé cd dién nhu & hinh 2. Céc k&t qua thi nghiém cho thiy
ring hién trgng méi 1am thay d8i t8n hao ning lugng trong mdt chu ky do hién tugng tir tré trong mau
thi nghiém.
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2. Cd S& Ly Thuyét
2.1 Cdc phudng trinh Maxwell
2.1.1 Phuong trinh Maxwell thit nhdt
Theo dinh luit Ampere vé dong dién todn phin:

JHdI =Y, = [Jds M)
k=1

Trong d6: ~H: cudng d9 tir trudng, Am™
dl: vi phin chiéu dai cda dudng cong kin 1
i, : cudng dé dong dién thi k
J: mat do dong dién din, J =yE, A/m* (2)
y : 46 din dién riéng cla mdi trudng vat chdt, 1/ Qm -
ds: vi phin dién tich S bao bdi dudng cong kin 1
Biing cich b8 sung thinh phdn dong dién dich vao v& phidi ciia (1), Maxwell di xdy dung phudng
trinh thi nhat: '

<j’Hdz= _[(J+JD)ds= J:_(yEw%—}f)ds: _L(J+Z—?)ds 3)
Trong d6: J,: mat d6 dong dién dich, 4/m’
i g 00 4)
e

£: d9 dién thim ciia méi trudng, Farads/m, Fm™
E: cudng d6 dién trudng, Vm™
D: cidm tng dién, Cm™
Ap dung dinh 1y Green-Stoke, phuong trinh (3) dudc viét lai:

oD oF
tH=VxH=J+—=yE+&e— 5
ro 3 = ¥ : Sat (5

Trudng hgp c6 ngudn ngoai thi mat dd dong dién J trong phuong trinh (5) s& bing:
J=yE+J (6)
v6i J: mit do dong dién ngoai, 4 Im*.
Khi d6 phuong trinh Maxwell thif nhat dang vi phan (5) trd thanh:
oE
I‘OtH=VXH=yE+8—a;+JS @)

2.1.2 Phuong trinh Maxwell thi hai
Theo dinh luit cAm ng dién tir ciia Faraday, sitc dién ddng cAm ng xuit hién trong vong diy:

e==N—=— (8)
Trong d6:  ¢: tif thong qua mit S, Wb

A : téng tit théng méc vong, A = Ng , Wb
N: s6 vong diy

Véi: ¢= J;Bds va e= (i Edl , ta dudc:
OB :
Edl=-|—ds )
qean=—{5
~ Ap dung dinh 1y Green-Stoke ta dugc phuong trinh Maxwell thif hai dang vi phan:
ey L (10)
ot
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2.1.3 Phuong trinh Maxwell thif ba va thi tu

Maxwell coi dinh luit Gauss vinguyén 1y lién tuc cia ti thong dp dung cho cd trudng hdp dién
trudng va tif trudng 12 tinh, khong di va bién thién. Phuong trinh Maxwell thi ba va thi tf dang tich
phan:

(iDds= _[pdV=Q (11)
_[_ Bds =0 (12)
divB=V.B=0 L

Trong d6 Q: tdng dién lugng cla cdc dién tich trong thé tich V dudc bac bdi mit kin S, don vi
C(Coulomb).
; p: mit do dién tich khdi, C/m’
2.2 Céc phudng trinh Maxwell d6i véi trudng dién ti¥ bi€n thién diéu hoa

Mot trang thdi rit quan trong ciia trudng dién tiY 12 trang thdi khi cdc dai lugng cd bin cla trudng
va ngudn bi&n thién didu hoa theo thdi gian, véi tdn s6 vong @ nio d6. Ta bi€u dién c4c dai lugng co
badn cia trudng dién tir dudi dang vectd bién dd phic:

E = Ee™ B = Be™
D = De’ Jo =Je™ (14)
H=I§Tej”" p=ﬁejml

3 day: ED,H,B, J,, p 12 céc vectd bién dd phiic

E,D,H,B,J, p 1a cac bién do phic, 1a ham theo céc toa d0 khong gian, khong phy
thudc vao thdi gian t.
Tir (14) ta viét cdc phuodng trinh Maxwell dang vi phin (7), (10) va (13) duéi dang bién dd phic:

VxH = jogE+J, (15)
VxE =—jouH (16)
Y. D=p a7
V.B=0 (18)
Trong d6: E=¢ —jg)— 12 dd dién thim phifc (19}
T (15), 14y rot 2 v&, 4p dung hing ding thic vecto:
rot(rotA) = graddivA — A4 (20)
Sau khi bi&n d8i, ta dugc phuong trinh:
AH +Kk*H =-VxJg (21)
véi: k* = pa’s
Tudng tu tir (16), ta dugc phudng trinh: '
AE+K2E = jopJ, -V 2 22)
£

Céc phuong trinh Maxwell th€ hién rd m&i lién hé chit ché giita trudng dién va trudng tit. Céc
phuong trinh (21) va (22) dudc sit dung dé€ tinh truding dién tif theo phuong phép truc tiép.

2.3 Niing lugng trudng dién tif — Pinh Iy Umop-Poyniing
Ning lugng ciia trudng dién t ki hiéu 12 W bao gébm niing lugng dién va ning lugng tit trong
khong gian thé tich V:
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eE* uH?
W=W+W, = | (—+ dv
SLA AN 23
Trohg dé: ndng lugng dién: W, =—;~ LsEde (24)
Ning lugng tir: W, =% L,qudV (25)

Ning lugng cla trudng dién ti¥ c6 thé bién tir dang dién sang dang ti va ngudc lai hoic bién
sang cdc dang ning lugng khac va dich chuyén trong khéng gian. Hé thitc todn hoc mé t su cin bing
ning lugng cia trudng dién tif trong mot ving khdng gian goi 12 dinh 1y Umop-Poynting.

Bién d6 phifc clia vectd Poyntinh phifc:

P=ExH (26)

Trong dé: H' 1alién hgp cia H.

Theo (15), ta ¢6: rotH’ =V x H' = — jogE +J;

Theo hiing ddng thic clia vectd:

V.AAxB)=BNV.A-AV.B
LAy div 2 v& ciia (26), ta dudc:
VB=V(ExH)=H'VxE-EVxH'
~V.P=H jouH + E(-josE+J)
- [ (ExH')ids = joo (A ufl - EEE")aV + [ EJsdv
x
@
- [ (ExA'yids = jo [ (A pH - EsE")aV - I/ yEE'av + [ JiEav @)

Biéu thifc (27) 1a dinh 1§ Umop-Poynting d6i véi trudng dién ti¥ bién thién didu hoa.

Ta xét cdc s& hang & v€ phii cla (27):

» S8 hang thit nhit biéu dién t6c d6 bi€n dbi ning lugng dién va ning ludng i trong thé

tich V.
> S& hang thit hai 12 cdng suft tidu hao do hiéu ng joule cla dong dién Foucault giy ra
trong thé tich V.
»  S& hang thit ba Ia cong suét clia ngudn ngoai trong thé tich V.
2.4 T6n hao niing lugng do tiY tré
Theo [8), ta ¢6 quan hé vé& bi&€n d8i ning lugng dién tif trong cudn diy Solenoid:
D4i vdi cudn diy Solenoid c6 15i bing vit liéu khong sdt tir, thi ning lugng dién bién thanh ning
Iugng tir trudng trong sudt qud trinh cudng dd dong dién ting va ning lugng tir bi€n ddi hoin toan
thanh ning lugng dién khi cudng d6 dong dién gidm vé 0.

Thay £ =g— j* , ta dugc:

z
fe :
Z=12 = B, |
Emi ;
= :
N tums % B, H
K / K, H
u
:§ / 5
z=-12 ?i &
Hinh 3: Cudn diy va 15i sdt tir Hinh 4: Pudyng cong ti¥ tré
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Tuy nhién, n&u 16i 1am bling vat li¢u st tir thi mot phin ning lugng tir bi€&n thanh nhiét do két qua cla
hién tugng tr&. Nhu vdy tén hao ning lugng do tir tré 12 lugng ning lugng di¢n bién thanh ndng lugng
tit nhung khong bi€n ddi ngudc trd lai thanh ning lugng dién.

Biy gid, ta hay tinh lugng ndng lugng digén nay.Ta xét mdt cudn diy Solenoid c6 13i la vat lidu sdt
tit nhu hinh 3. Goi e 1a sifc dién ddng tic th¥i ciia cudn diy Solenoid do dong dién tifc thdi i chay qua
cudn diy. Goi dW 1a phén t§ niing lugng truyén ti¥ mach dién d€n mach tir cia cudn diy Solenoid
trong khodng thdi gian dt. Khi i ting thi e ¢ chiéu chéng lai sy ting ciia i, vi ning lugng dién bi€n d6i
thanh ning lugng tir, do d6 dW c6 tri s6 dudng. Khi i gidm thi e c6 chiéu chdng lai sy gidm cla i va
ning lugng tir bi€n di thanh ning lugng dién, do d6 dW c6 tri s6 4m. Trong khodng thdi gian dt, ta
co:

dW =iedt (28)
Theo dinh ludt cdm ng dién t Faraday (8), ta dugc: e - R
dt dt

Trong d6 ¢ : tri s8 tifc thdi ciia tdng tif thdng qua 15i.
B : cam ng tir tifc thai.
A : dién tich mit cit ngang cia 15i.
Bd qua diu 4m ciia cong thifc Faraday & trén va thay
vao (28), ta dudc:

Hinh 5: MAu thi nghiém

dW = NAidB =AlHdB = VHdB
Véi I: chiéu dai ciia 16i
V = Al = thé tich clia 16i
Goi W 12 niing lugng cung cdp cho mach tif trongl chu ky, W khong bi&n d6i ngugc lai thanh ning
lugng dién. Khi do’
=vd} HdB (29)

Chia tich phan (f HdB cila (29) thanh cdc phin sau € tinh:
B, B, B, B,
§HdB = [HdB+ | HdB+ | HaB + | HaB (30)
B, B, B, B,

Dién tich clia dudng cong ti tré dugc tinh theo (30), biéu dién & hinh 4, 12 ning lugng cung cip tir
mach dién vio mach ti¥, nhung khong bi€n d6i ngugc lai. Nhu viy (29) trd thanh:

W = V. (dién tich clia dudng cong t tré) (31)
Goi f12 tin s& clia dong dién chay qua cudn diy, nhu v4y t&n hao cong suit do tir tré:
P = Vf ( dién tich cia dudng cong tif tré) (32)

P& nghién cttu 4nh hudng clia hién tugng méi d€n t8n hao ning lugng trong moét chu ky clia miu

thi nghiém trong hé cd dién, chiing t6i da thyc hién nhiéu thi nghiém
3. Phudng phép thi nghiém
3.1 Ti€n hanh thi nghiém

Muc dich cda thi nghiém nhim phat hién sy thay d8i vé tn hao ning lugng trong 1 chu k¥ do tir
tr ctia mAu sit tiY trong thi nghiém méi udn quay.

Miu thi nghiém dudc <h€ tao bing thép AISI 1045, vdi thanh phén (%): C = 0.45, Si = 0.30, Mn =
0.70, S = 0.04. D5 bén kéo ciia thép = 650 N/ mm* . Hinh dang va kich thudc ciia mAu dugc bidu dién &
hinh 5. M4y thi nghiém mdi dugdc biéu di€n & hinh 2.Trong qué trinh thi nghiém miu chiju tdc dung ciia
tiY trudng c6 tin s8 f = 50 Hz, dién th€ 6 -> 24 volt dugc tao ra bdi ngudn dién AC va 1 bién 4p cich ly
nhv & hinh 1.
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Diéu kién thi nghi¢ém ddi v6i ting miu 1a khong thay ddi, ching han nhu: lyc tic dung, t5c do
quay ciia méu, tdn s6 va dién th€ clia ngudn dién AC va ch€ dd do. Chu ky 14y miu 1210’ vong quay
ciia mdu. SJ db hé thong thi€t bi do dugc biéu di&n & hinh 6. Bao gém c4c thi€t bj do:

e Cim bié&n do lyc load cell + ddng hd hién thi

o B0 gia tdi: kich thuy luc 0 -> 2 tan. ' 2

e Mot cudn day c6 10000 vong diy. ":{.‘.‘L"

e Mot mach dién |

e Bo d€m s6 vong quay clia miu thi nghiém. i;':;::f,l ‘ﬂ@-\:«i

e B khu&ch dai va b6 loc tin higu. = o e}

e FFT ( Fast Fourier Transformer ). = :; j;',,"r :

e Mady tinh va b giao ti€p véi mdy do FFT. .

3.2 Phudng phdp do Hinh 6:S0 d6 hé thong thiét bj do

Dit liéu do thé hién trén mdy do FFT:
Kénh A: Tin hi€u sic dién dong cdm ing u,(f), bi€u din & hinh 7a. Stc dién dong cdm ing:

u,(t)=— |edt = %B(t) . Nhu vdy, u () ti1& thudin v6i cdm dng tir B(t).

1

Kénh B: Tm hiéu dién 4p iR, dugc bi€u di€n & hinh 7b. Day 1a dién 4p giita 2 ddu ciia dién trd R,.
Dién dp nay ti 1¢ thuan v6i dong di¢n cdm Wing. Nhu viy né ciing ti 1& v6i cudng do tr trudng H(t).
K&t hgp 2 tin hiéu trén, ta dugc dudng cong tir tr& trén m4y do FFT nhu & hinh 7¢
- Chuyén s& liéu do dac d€n m4y tinh.
Sit dung phdn mém nhu & hinh 7d , ta x4c dinh dién tich clia dudng cong tir tré.

Luu y ring: dién tich clia dudng cong tif tr& = tn hao ning lugng trong 1 chu ky ctia miu thi
nghiém.

3.3 K&t qua thi nghiém
Dé dénh gid sy thay ddi ciia t8n hao nang Iugng trong mdt chu k¥ clia miu thi nghiém theo do tich
luj mdi, ta xdy dung dd thj bi€u dién tén hao ning lugng twdng ddi AD theo
i=] Nf
Trong d6: AD =D;-D,
D:: t6n hao ning lugng trong 1 chu k¥ tai chu ky 14y miu n;
D,: t6n hao nang lugng trong 1 chu ky tai thdi di€ém ban ddu n, =
D& x4c dinh qui luat thay d8i t6n hao ning lugng trong 1 chu k¥ theo dé tich lu§ médi. Chiing tbi da
ti€n hanh nhiéu thi nghiém véi nhiéu miu & diéu kién lyc tic dung, tdc dd quay khdc nhau d6i véi
titng miu. :
P& minh hoa, chiing téi trinh bay mét trong c4c k&t qua thi nghiém & hinh 8. MAu thi nghiém dugc
ti€n hanh & diéu kién: luc tdc dung = 20 KG, t6c d6 quay = 1500 vong / phiit, tin hiéu trén 2 kénh dudc
do 3 ch& d9 kénh A:ac/5v, kénh B:ac/2v, miu bj phd huy khi dat dugc 3,5 tri€u vong quay. Hinh 9 cho
thdy sy thay ddi vé hinh dang va dién tich clia dudng cong ti¥ tr& \ing v6i s§ chu ky phd huj méi.

-YZ‘M‘I? g Z"i

dd tich luy mdi =

e S T U R

Hinh 7a: Tin hiéu emf cim @ng Hinh 7b: Tin hiéu dién 4p iRo  Hinh 7c: Su 1&éch pha
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Hinh 7d: Pudng cong t tr tré Hinh 7e: Phdn mém tinh dién tich dudng cong tI tré
)
/ /
7
J’- 7
)/, / :‘;ﬁa -’:ﬂ)l.m
ey

Hinh 8:D6 ting tn hao niing lugng Hinh 9: St thay d&i hinh dang va dién tich cia
trong 1 chu kytheo do tich lu§j méi dudng cong t tré theo s8 chu ky thi nghiém

JHOM oo g e rmmn e e . ;ﬁ ,—” ¥

/ [ SN

s // / » ot

o i /4 :,'-‘g::"‘...:’
(. 10
~~~~ 4

K&t qua thi nghiém ching td ring: dnh hudng cia hi¢n tugng moi lam tdng tén hao ndng lugng
trong 1 chuky do tit tré ciic mdu thi nghigm bdng thép AISI 1045.

Ap dung phuong phép binh phuong ti thiéu, ta c6 th€ ngoai suy theo ham s6 mil hogc ham luy
thira d6i véi cdc s6 liéu thuc nghiém vé t8n hao ning lugng trong 1 chu ky do tir tré theo s6 chu ky thi
nghiém modi. Ngoai suy theo ham 6 mil ta dudc:

y =3481,3¢%00574% (33)
Ngoai suy theo ham luy thira ta dugc:
y=3233,3x"7% (34)

Trong d6: y 12 t6n hao ning lugng trong 1 chu k¥ do tir tré, dng véi s& chu ky ng suit da thi
nghiém.
x 12 s6 chu ky ng sui't da thi nghiém.

Céc phudng trinh (33) va (34) 12 cd s& d€ x4c dinh tudi tho cdn lai clia mAu thi nghiém theo s8 chu
ky tng suit. Chiing t6i d xay dyng phin mém tinh tudi tho cdn lai cda miu thi nghiém. Tuy nhién, do
khuon khd ciia bai bio nén ching tdi khﬁng gidi thiéu & day.

Chiing t3i trinh bay m6t cdch tém tt vé cd ch€ lién quan giifa hién tugng mdi ctia miu thi nghiém
vi t8n hao ning lugng trong 1 chu ky do tir tré:

Theo [8], d6 t6n hao ning lugng trong 1 chu ky do ti tr& chinh 13 c6ng d€ thyc hién su bé tri céc
dong Ampere va domain trong 16i ( mu thi nghiém ) ciia cudn ddy Solenoid. Tuy nhién, trong 16i ¢6
ma sdt ndi can lai su bd tri ndy, nén gy ra t6n hao ning lugng trong 1 chu ky.

V& mit cd hoc, theo [5] c6 nhiéu thuyé&t gidi thich cd ch€ cla sy phd huy mdi. Mgt trong s6 nhitng
1y thuy&t dé 1a 1y thuy&t dich chuyén mang tinh thé. Sy dich chuyén mang tinh thé ciia m&u thi nghiém
gdy ra sy 1éch mang va sy tip trung ng sudt cyc b trong mang tinh thé. Sy tinh todn cho thiy ring
ttng lyc cin thi€t d€ 1am cho mit phing phin tif ndy trugt twong ddi so vdi mat phing phin ti khéc tai
noi c6 1éch mang gidm di nhiéu 1dn so v6i trudng hdp mang tinh thé 1§ twdng. Pidu ndy lam thay ddi
mot s6 cd tinh clia miu thi nghiém mdi. Theo k&t qua nghién citu thyc nghiém [1]: 4nh hudng hién
tugng mdi lam gidm modun dan héi E cia miu thi nghiém va 1am ting t8n hao ning ludng trang m-ot
chu ky do ma st ndi clia vat ligu. Vi mddun dan hdi E gidm nén d6 citng EJ ciia mAu thi nghiém gidm
theo s& chu ky thi nghiém mdi. Vi t8n hao ning Iugng trong 1 chu kj do ma s4t ndi ciia vit liéu ting
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theo s& chu ky thi nghiém, ta dugc k&t qua 12 hé s& cdn ni clia miu thi nghiém sé& ting theo s& chu ky
thi nghiém moi.

Nhu viy, hién tugng méi lam ting ma sdt ndi ciia m&u thi nghiém cho nén theo [8] hién tugng mai

lam ting t6n hao ning lugng trong 1 chu ky do tir tré.

4.

K&t lugn
Tir cdc k&t qud nghién cifu trén din dén két luén:

> Su thay d8i cd tinh cfia mdu trong thi nghiém mdi c6 lién quan d&n ti¥ tinh ciia mAu thi
nghiém dé.

> Sy ting tn hao ning lugng trong 1 chu k¥ do tif tr& phu thuéc vﬂo s0 chu ky phd huy mdi
clia miu thi nghiém.

» K&t qud thi nghiém nay ding dé€ danh gi4 trang thdi mdi va chén dodn diéu kién lam viéc
clia mAu thi nghiém chiu udn va c6 chuyé&n dong quay, nhv truc mdy trong hé cd dién.

USING AN ELECTRO-MECHANICAL SYSTEM TO INVESTIGATE
THE INFLUENCE OF THE FATIGUE ON THE ENERGY
LOSS PER CYCLE DUE TO HYSTERESIS

Van Huu Thinh', Nguyen Xuan Hung?
"University of Technical Education HCMC, *Institute of Applied Mechanics HCMC

ABSTRACT: The energy loss per cycle due to hysteresis is one of the criteria for evaluation the

working siate of un electro-mechanical system. To investigate the influence of the fatigue on the energy
loss per cycle due to hysteresis, we manufactured and performed many experiments on the electro-
mechanical system. The experimental results reveal that the energy loss per cycle increase versus the

Jfatigue cycles of the steel speciment AISI 1045. This is used for evaluation the working life, diagnosing
the fatigue state of the specimen or rotating shafft.
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