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TOM TAT

Bai b&o nay frinh bay két qud nghién ciru nham ché tao mét bé thi nghiém cho phép khdo sdat
lyc do tur truong ciia mot nam chdam dién chir U tac dung lén dong dién chay trong cdc doan ddy cia
mot canh khung day hinh chit nhdt bcing cach sw dung cam bién lyc va vi diéu khién Arduino. Bo thi
nghiém co kha nang do dac gia tri luc twong tdc tue tw dong, lién tuc voi do sai biét giita gid tri tinh
theo li thuyét va gid tri do thwc nghiém nhé hon 10%. Vi diéu khién Arduino dwoc ldp trinh d@é thay
doi géc hop béi tir trweong va dong dién mét cach t dong. Tuy nhién, sai sé ciia phép do con I6n khi
gid tri lwc tir nhé hon 2,5mN Va viéc ghi nhén so liéu thire nghiém chwa dirge hodn toan tu dong hod.
Néu khdc phuc dwoc han ché ndy, bé thi nghiém c6 thé dwoc sir dung dé givip gido vién phdt trién
nang lyc vat li cho hoc sinh vé phdn lwe tie trong mon Vit 1i 12 thuéc Chuong trinh gido duc phé
thong 2018.

Tir khoa: tuong tac tir; dong dién thang; Arduino; cam bién lyuc; thiét bj thi nghiém

1.  Giéi thiéu

Vit 1i hoc 1a mét bd mon khoa hoc thuc nghiém, do d6 cac thi nghiém dong vai tro rat
quan trong trong viéc giang day va hoc tap mon Vat li. Khong nhing gitp ngudi hoc hiéu
sau hon vé cac kién thirc 1i thuyét, cac thi nghiém con gop phan lam tang thém tinh hip dan
cua mon hoc, rén luyén va phat trién nang luc vat 1i va tu duy nhay bén véi cac hién tugng
vat i cho hoc sinh. Trong Chuong trinh gido duc phd thong 2018, cac kién thic vé tir truong
va luc tir trong mon Vat 1i 16p 12 chiém thoi lugng dang ké (khoang 18 tiét) (Ministry of
Education and Training, 2018). Tuy nhién, cac kién thirc nay lai twong ddi triru tuong, kho
hiéu dbi vé6i hoc sinh, doi hoi gido vién can phai sir dung thi nghiém dé moé ta va giai thich
cho hoc sinh.

Hién nay, bd thi nghiém khao sat lyc tir va cam tng tor PTVL2038 [Book and
Educational Equipment Joint Stock Company of Ho Chi Minh City, 2019] dugc trang bi ¢
nhiéu trudng trung hoc phd théng trén dia ban Thanh phé H6 Chi Minh. Mic du bo thi

Cite this article as: Nguyen Thanh Phuc, Le Lam Anh Phi, Ngo Minh Nhut, Nguyen Hoang Long, Nguyen
Tan Phat, & Nguyen Lam Duy (2020). The application of arduino microcontroller and force sensor in
fabricating an apparatus examining magnetic force acting on a current-carrying straight wire. Ho Chi Minh
City University of Education Journal of Science, 17(8), 1327-1335.
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nghiém nay c6 thé khao sat su phu thudc cia luc tir theo goc hop boi tir trudng va dong dién
nhung viéc hi¢u chinh can don dén vi tri can b?mg doi hoi thao tac rat can than cia nguoi
lam thi nghiém, luc ké c6 do chinh x4c khong cao 13 nhirng han ché cta bo thi nghiém nay.
Ngoai ra, trén thi truong con c¢6 b thi nghiém EX-9933 (Pasco, 2019) két hop sir dung cac
dung cu do hién s6 do Cong ty thiét bi gido duc Pasco san xuét. Gi4o vién va hoc sinh ¢6 thé
str dung bo thi nghiém nay ngay trén 16p hoc nho wu diém nhé gon va két qua do dac co do
chinh xac cao. Tuy nhién, by thi nghi¢ém nay chua dugc trang bi rong rai do gia thanh cao,
khong phii hop véi thuc té ctia hau hét cac truong phd thong.

Ngay nay, viéc ing dung khoa hoc, cong nghé vao giang day dang 1a mot xu thé tat
yéu trong viéc d6i méi phuong phap day hoc Vat li. Nhiéu nghién ctru trong nude (Nguyen
et al., 2018, p.92-97; Ngo et al., 2018, p.113-122; Nguyen et al., 2019, 81-89) da ng dung
cac cam bién, vi diéu khién dé ché tao cac bo thi nghiém gitp cho viéc do dac, xur li s6 liéu
duoc thuan lgi va dé dang hon.

Do d6, v6i muc dich ché tao mot bo thi nghi¢m c6 kha nang img dung duoc vao qua
trinh day hoc phat trién nang luc trong mén Vat li 16p 12, bai b4o nay trinh bay két qua
nghién curu va ché tao bo thi nghiém khéo sat lyc do tur truong tdc dung 1€n dong dién chay
qua day dan thang co sir dung vi diéu khién Arduino, cam bién luc va cac linh kién dién tir
hién c6 trén thi truong Viét Nam dé co thé khao sat tu dong lyc tir v6i d6 chinh xé4c cao, hd
trg nguoi dung trong viéc thao tac, cac van dé xur 1i s6 liéu, v& d6 thi dé so sanh véi cac két
qué tir 1i thuyét.

2. Doi twong va phwong phap nghién ciru
2.1. Co sé |i thuyét va mé hinh bé thi nghiém
a 0 \:/ b Cam bién lue

Thu nhgn gic tri cam bién hec

Khung day < - -
Diéu khién ciong dé
— dongdién

\ 4 -

A 4

Hé thong diéu khién

Nam cham dién

Ving tir truong tac

§ ~ dung lén canh dudi chir U
Q'/' cua khung day
i g - - =
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: D < : Diéu khién dgng co
. OLJ, T _|=
F CD Pong co bude

Hinh 1. (&) Co s |i thuyét va (b) md hinh cia b thi nghiém

M6 hinh b thi nghiém dugc mé ta trong Hinh 1 gdm mét nam cham dién chit U duoc
gin chit vao dong co budc va c6 thé xoay quanh truc OO’ (Hinh 1a); khung diy c6 mot dau
gén ¢d dinh vao cam bién luc, dau con lai dat trong vung tir trudng tao ra bdi nam cham. Khi
c6 dong dién chay qua, nam cham dién tao ra mot tur trudong cd cam ung tu B, tac dung luc
tir F 1én doan ddy dan thing c6 dong dién cuong do | chay qua dit trong ving tir truong do.
Theo dinh luat Ampere, luc tir F dugc xac dinh béi:

F =IBlsinx (2.1)
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trong d0, | va o 1an luot 1a chiéu dai ctia doan day va goc hop bai phuong cua tir trudng va
dong dién. Trong mo hinh nay, goc o thay doi lién tuc khi dong co budc quay khung day
ABCD theo truc OO’ cam tng tir B va cudng do dong dién | chay qua day din duoc diéu
khién boi hé théng diéu khién trung tdm. Do tinh chét ddi xung, lyc tir tdc dung 1én canh AD
va BC can br?mg nhau, do do6 gia tri ma cam bién luc do dac duogc chinh 1a lyc tir thc dung lén
canh du6i CD cuia khung day. M6 hinh nay c6 thé nghién ctru méi lién hé giira luc trong tac
tir F va goc « ciing nhu so sanh mbi lién hé nay véi biéu thic thirc I thuyét (2.1) ciia Pinh
luat Ampere.
2.2. H¢ théng diéu khién trung tim

Hinh 2 mé ta hé thong diéu khién trung tim, trong d6 vi diéu khién Arduino c6 nhiém
vu ghi nhan gia tri cua cam bién luc sau khi d3 dugc khuéch dai tin hiéu; diéu khién cuong
d6 dong dién qua nam cham dién va khung day thong qua hé thdng diéu khién cuong do
dong dién. Pong thoi, vi diéu khién Arduino diéu khién dong co budc dé 1am quay nam
cham. Céc két qua thi nghiém dugc hién thi trén man hinh LCD va céc thong s6 khi thuc
hién thi nghiém dugc diéu chinh thong qua cac niit nhan.

Nam cham dién
hinh chir U

3 A

LCD va cac nut nhan

Hé thdng diéu khién

Vi diéu khién Arduino NP
cuong dé dong dién

A
A 4

Pong co budc

r N

v

Cam bién lyc va hé théng

khuéch dai tin hiéu Khung day

Hinh 2. So d6 cdu tric hé thong diéu khién trung tam

2.3. H¢ thong diéu khién cwong dp dong dign

Hé thong diéu khién cuong d6 dong dién (Hinh 3) sir dung mot vi mach khuéch dai
thuat toan OpAmp (Operational Amplifier) LM324 va mot transistor hi¢u ung truong
MOSFET N-Chanel. Khi Mosfet chuyén tir trang thai ngét sang trang thai dan bang tin hiéu
didu khién tir Arduino 1a V¢ da duoc khuéch dai boi OpAmp LM324, dong dién tir ngudn
dién thé s& di qua dién trd Rs va nam cham hodc khung day (Hinh 3a). Vi dong dién qua hai
dién tré Ry va Rz rat nho nén cuong d6 dong dién qua nam cham hoidc khung day bang véi
dong dién qua dién tro Rs, va dugc xac dinh bdi cong thure:

| —-C (2.2)
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Hinh 3. (a) So d6 hé thong diéu khién cuong d dong dién sir dung
(b) OpAmp khuéch dai LM324 va (c) Mosfet N-Chanel IRF640

2.4, Cdm bién liwc va h¢ thong khuéch dai tin higu

Cam bién luc 1a thiét bi dung dé chuyén ddi luc hoac trong lugng thanh tin hi¢u dién.
Trong nghién ctru nay, cam bién luc Wigezellen 104 0,3kg (Hinh 4a) duoc st dung vi c6 do
bén cao, do nhay 0,9mV/V phu hop véi mé hinh thi nghiém. Tin hiéu ngd ra ctia cam bién
luc duoc khuéch dai bang vi mach khuéch dai vi sai INA125P (Hinh 4b) va duoc chuyén ddi
tir dang tin hiéu twong tu (analog) sang tin hiéu sb (digital) bang bo chuyén d6i ADC
ADS1115 (Hinh 4c) trude khi dua vao vi diéu khién Arduino. Hé thong khuéch dai tin hiéu
hoat dong on dinh, it tiéu hao nang lugng, c6 kha nang khuéch dai 1én ti 10.000 14n va cho
sai sb cua gia tri lyc do dac dugc 1a 0,2mN.

a - b

Hinh 4. () Cam bién lyc Wégezellen 104 0,3kg va hé thang khuéch dai tin hiéu sir dung
(b) IC khuech dai vi sai INA125P va (c) bg chuyén doi ADC ADS1115

3. K&ét qua va ban luin
3.1. B¢ thi nghi¢m hoan chinh

Bo thi nghiém hoan chinh dugc mé ta nhu Hinh 5. Bé dam bao sy bén viing, it rung dong
c6 thé anh hudng dén két qua do, khung nhém (8) dugc nghién ctru thiét ké va ché tao dé chira
toan b hé théng thi nghiém. Cam bién lyc (1) duoc gan cd dinh vao khung nhom. Khung day
(2) gém 10 vong day, kich thudc 4cm x 9cm véi canh trén dugce gén ¢d dinh vao cam bién lyc
va canh dudi ndm trong ving tir trudng déu do nam cham chit U (3) tao ra. TAm nhom (4) ¢b
dinh v6i khung nhém véi muyc dich 1am bé d& cho nam cham dién chir U va bao v¢ hé théng
diéu khién. Hé thdng diéu khién nhan tin hiéu tir cam bién lyc va diéu chinh dong dién di qua
khung ddy va nam cham dién thong qua hé thong day dan. Cac tim mica (9) duoc dp vao khung
nhom gép phan 1am chéc chin b thi nghiém, han ché nhing tic dong ngoai vi tic dung vao
cam bién luc trong qua trinh do, gitip viéc do dac duge chinh xac hon. Hai cong tic (6) dao
chidu dong dién di qua nam cham dién hinh chit U va khung day. Man hinh LCD 16x2 (5) va
cac nit nhan (7) hién thi két qua do va thay déi cac théng sb trong qua trinh 1am thi nghiém.
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Hinh 5. B¢ thi nghiém hoan chinh bao gom: (1) cam bién luc; (2) khung day 4cm x 9cm;
(3) nam cham dién; (4) gia d&; (5) man hinh LCD 16x2; (6) cdng tdc dao chiéu; (7) cac nit
nhan; (8) hé thong khung nhdm va (9) céc tém mica
3.2. Khdo sadt tir truwong tao ra boi nam chiam dién

Theo Ii thuyét da xay dung & phan 2.1, tir trudng giira hai ban kim loai ciia nam chdm
dién chir U 1a tir trudng déu. Tuy nhién trong thyc té, tir trudng nay khong déu. Ngoai ra,
van c6 luc tir tic dung 1én canh trén cta khung ddy nén anh huéng t6i két qua do ctia cam
bién luc. Do d6, viéc khao sat tur truong do nam cham dién chir U tao ra la can thiét. Tién
hanh khao sat tr treong trong vung khong gian c6 kich thude 12cm x 10cm x 9cm véi hé
toa do duoc biéu dién nhu Hinh 6a khi cuong do dong dién qua nam cham cé gia tri lan luot
120,5A va 1,0A. Gia tri cam tng tir dugc do dac bang dau do tir truong do hing Leybold san
xuét (Hinh 6b) véi d6 chinh xac 12 0,01mT va gidi han do 1a 20T. Két qua do dac dugc biéu
dién trong d6 thi Hinh 7.

Hinh 6. Khao sat tir trueong do nam cham dién hinh chir U t
a0 ra véi hé tog dg dirpc mé ta trong hinh (a) bang thiét bi do cam ing tir (b)
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Hinh 7. Do th; biéu dién gia tri cam ing tr do nam cham dién chiz U
gay ra khi cuong d¢ dong dién qua nam cham dién 1a 0,5A (a) va 1,0A (b)

C6 thé thay rang, tir trudng do nam cham dién chit U tao ra 1a khong déu va co sy
chénh 1éch twong d6i 16n gitta mat phang chira canh trén va canh dudi cua khung day. Tuy
nhién, gia tri cam Ung tir trong mdi mat phang twrong dbi déng déu, do d6 gia tri luc tir tac
dung 1én khung ddy c6 thé duoc xac dinh bang cach tinh trung binh cac gia tri cam tmg tir
trong mit phang chira canh trén va canh dudi. Cac gia tri nay dugc thé hién trong Bang 1.

Bing 1. Gid tri cam g tir trung binh trong mdt phdng chira canh trén va canh duwéi
cua khung day o cac gia tri cwong do dong dién qua nam cham khac nhau

Cam wng tir trung Cam wng tir trung =
Cuong dg dong dién  pinh ¢ canh dudi binh & canh trén Tisé Ba
di qua nam cham (A) Ed (mT) Et (mT) B,
1=05 6,72 1,61 4,17
1=1,0 13,26 3,12 4,10
1=15 19,01 4,72 4,03
1=20 25,40 6,14 4,13

Tu Bang 1, gia tri trung binh ctia cam Ung tir trong mat phang chira canh trén va canh
dudi cua khung day ti 1€ thuan vai cuong @6 dong dién di qua nam cham. Quan trong hon,
ti s6 giita gia tri cam ung tir trung binh trong mit phang chira canh dudi va canh trén gan
nhu 13 hang s6 khi cudong do dong dién qua nam cham thay d6i, do d6 céac gia tri nay c6 thé
duoc str dung khi tinh todn gia tri luc tir tdc dung 1€n khung day.

3.3. Thi nghié¢m khdo sat lwc tir tac dung lén khung ddy ddt trong tir truong

Thyc hi¢n thi nghiém khao sat lyc tir tdc dung 1én khung day dat trong tir truong & cac
gia tri cuong do dong dién qua nam cham va khung diy khac nhau dé danh gia su 6n dinh
va chinh x4c cua bo thi nghiém. Vi khung day gdm N vong ddy va luc tir tac dung 1én ca
canh trén va canh duéi ctia khung day nén cong thire (2.1) duogc viét lai thanh:

F =NI(B,-B|lIsina (3.1)

trong do, Et va B_d lan lugt 12 cam tmg tir trung binh trong mat phang chira canh trén va
canh dudi caa khung day duoc liét ké trong Bang 1. Pong co bude duge diéu khién dé lam
quay nam cham quanh tryc véi budce quay 5° va do luc tir & timg vi tri tuong (mg. Tién hanh
thi nghiém v6i cuong d6 dong dién qua nam cham va khung déy tang dan tir 0,5A dén 2,0A.
Cac két qua thu do dac duoc thé hién trong cac do thi Hinh 8.
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Piém thue nghiém khi I cudn diy = 1,5A
Biém thye nghiém khi T cudn diy = 2,0A
Pudmg khép ham cua I cufgn diay = 0,5A
Purong khép ham cua 1 cugn day = 1.0A

e P g khiérp héim cuia 1 cudn day = 1.5A
e, ENEOM Z Khérp hiim cia 1 cudn day = 2.0A

Hinh 8. Cdc diém thuc nghiém va dwong khép ham biéu dién su phu thuge cua luec tir
tac dung lén khung dady khi cuwong do dong dién qua nam cham ting dan tir 0,54 dén 2,0A

Khop cac diém thuc nghi¢m do dac dugc theo ham:

Y=AsmX (3.2)
trong d6 A 1a mot hang s va Y, X 1an luot 1a lIyc twong tac tir va goc o hop giira phuong tir
truong va dong dién. So sanh cong thuc (3.1) va (3.2) thi:

A=NI(B,-B,)l (3.3)
chinh 1a do 16n cua luc tir cuc dai tac dung 1én khung day. Cac két qua thuc nghiém dugc
liét ké trong Béang 2.

Bing 2. Két qua thi nghiém khao sdt gid tri luc tir cye dai tac dung 1én khung day
N =10 vong day; | =0,04 m

Inam cham I§d — I§t lkhungday ~ Fpay lithuyét  F__ thwe nghigm H¢é s6 tuong Do sai biét
(A) (mT) (A) (mN) (mN) quan (%) 3 (%)
0,5 1,0 1.2 98,3 20
1,0 2,0 2,3 98,9 15
05 o1l 15 31 3,3 99,4 6,5
2,0 4,0 4,1 99,2 2,5
1,0 10,14 0,5 2,0 2,2 99,7 10
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1,0 4,1 4,3 99,9 4,9
1,5 6,1 6,7 99,4 9,8
2,0 8,0 8,8 99,6 10
0,5 2,9 2,8 99,7 3,4
1,0 5,7 55 99,9 3,5
15 1429 1,5 8,6 8,5 99,4 1,2
2,0 11,4 111 99,6 2,6
0,5 3,9 3,6 99,7 7,7
1,0 7,7 7,2 98,7 6,5
20 19,26 1,5 11,6 11,7 99,5 1,0
2,0 15,4 15,3 99,2 1,0

Tir Bang 2, hé s6 twong quan gitta cac dit liéu thyc nghiém va cac dudng khép ham rat
cao, gia tri thap nhat 14 98,3%, chimng to mbi quan hé giita luc twong tac tir F va goc a hop
gifta phuong tir truong va dong dién theo qui luat ham sin, phu hop véi cong thir 1i thuyét
(2.1) va (3.1) da duoc xay dyng. Piéu nay khang dinh cac gia tri thu dugc tir cam bién luc
c6 do chinh x4c cao va dang tin cay.

Ngoai ra, d9 sai biét & giita luc tir cuc dai Fmax theo Ii thuyét va thuc nghiém déu nho
hon 10%, chi c6 hai trudng hop dau tién trong Bang 2, chimg to cam bién lyc chua da do
nhay dé c6 thé do dac chinh xac céac luc cd gia tri nhd hon 2,5mN. Pay la mdt diéu can cai
tién trong bo thi nghiém nay.

4.  Kétludn

Tu cac két qua thu duoc, co thé théy rr:ing bd thi nghi¢m hoat dong on dinh, sai s6
tuong d6i khong qua 10%. Ngoai ra, bd thi nghiém nay con cho phép ta kiém chimg duoc
bang thuc nghiém vé mdi quan hé giira luc tir tac dung 1én day ddn mang dong dién véi cac
dai lugng vat li khac dugc suy ra tir tinh toan 1i thuyét, thong qua hé ) tuong quan thu dugc
khong dudi 98,3%. Tuy nhién, bd thi nghiém con tdn tai mot sd han ché nhu cam bién luc
van chua thé do dac chinh xéc cac gia tri qua nho hon 2,5mN va bo thi nghiém van chua thé
hoan toan tu dong cap nhat cac gia tri 1én may vi tinh. Néu cai tién dugc cac han ché nay, bo
thi nghiém co thé duoc st dung vao qua trinh day hoc phat trién nang lyc vat li cho hoc sinh
vé tlr trudng trong chuong trinh Vat If 12.

% Tuyén bé vé quyén loi: CAc tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

% Loi cdm on: Chung téi xin guri Ioi cdm on dén Trudong Bai hoc Sw pham Thanh phé H6 Chi
Minh d4 tao diéu kién nghién ctru théng qua Pé tai nghién ctru khoa hoc cép Truong mé sé
CS.2018.19.52.
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ABSTRACT

An apparatus, which is fabricated by using Arduino microcontroller and force sensor, is used
to examine the magnetic force on the current-carrying rectangular wire frame caused by the
magnetic field generated by a U-shaped electromagnet. This apparatus can measure the magnetic
force automatically and continuously with less than 10% error between theory and experiment. The
Arduino microcontroller is programmed to rotate the electromagnet around a fix axis, i.e. changing
the angle formed by the direction of the magnetic field and the electric current. However, the force
sensor has not been optimal in below 2,5mN force regime and the data acquisition has not been fully
automated. Once these limits are overcome, high-school teachers can use this apparatus to develop
students’ competencies in Physics grade 12 of General Education Program 2018.

Keywords: magnetic field; current-carrying wire; Arduino; force sensor; experimental
apparatus
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