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Investigation of the effect of current in angular positioning by Helmholtz coils
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In this paper, it has been tried to position and rotate a magnet using two pairs of Helmholtz coils.
Received 30 July 2015 First the system was simulated by software and the impact of electric current flowing through the
Accepted 29 August 2015

coils and magnetic fields that create the space between them, was observed. Next, the required

Available Online 24 February 2016 . . . P . . .
i equipment and coils for magnetic angular positioning and testing was designed and built.

Electrical circuits, computer software and microcontroller are responsible for exerting the

Keywords: L e .

Helmholtz coil required voltage, and as a result the necessary current to position the proposed robot, which
Maxswell coil includes chip particles, compass and a small magnet. After applying various electric currents to
Magnetic torque the coils, the magnet position was determined using a rotary encoder. And eventually values

Gradient magnetic field obtained from tests were compared with the values obtained from the theoretical equations and

the system error at different flows was evaluated. At last magnet was continuously rotated by
applying sinusoidal currents, where rotational speed was measured up to one Hertz.
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Fig. 1 Schematic of a Helmholtz coils

Sled jpe s oS Flspele 1 S

Wl 13 2 oy & lagmees 5| RsS sele o a5 Ll
S5 gex gl o sl 3 ol Glane 1 S (0 y90e Gy 0l
il s Waguymms he 5

sl plsl gl [2] lSen 5 mopp aegn o
IS e e 200 4 ] bl Can oKiylojl o urblineg
Sple auln g 05 0 Hme Cuzee Sbyz Lol as w5 eolil
D9 ey pmablise Hlaw G 0,5 o sbnl g paw a5 cwabliss
Sly sS JseSo @352 5 s sele 552 51 [3] (il Ko 5 552
Joo [A] iliSan 5 sz S0 staghy o i S eslitnl (pacqdse
JisS JoeSee 95 2 51 28 2 sl (sl aSal sl g 00ls Sgnpe |, (LS
55 seele o5 sl amio p dgee Djgo 4 5 7y Sl S coland
Oldee &5 o9 a5 ol o el pl i8S colail calils I3 ol
kS Hgeels o5 pglisS g g &S o el WS (0 Sbml pLolS
[5] (il 5 Sighonm 95d pur Cqz el el wiS o olon
5 JouSe Sz o g hsS Jseela g5 3l JSake | glasgerme
ol Colill WS o syl o5 > oSl 4y epdle Wl a5 WS b
=l Jlesl 5 55 0355 5k po wilgmy g aBL Ll oo 1, LaS 50 Sl g S
Ol il sl [6] (ul)lSan 5 Supndl B 0,08 )13 oolial 3,50
5,5 esliiul (hoS ispels Cuiz 3 5l Leglad s o (e (ounbline
WW3g 485 3 oaSe SLAE G )0 g 8 35 D g0 4 &S

bl ags 058 dslns e baguype oo sl 0 S
...\.{“5.0 Cwwd 45 (3) 5(2) Ly, 5l gaeme

B =B, +B, @)
Ny o IR? 1
BH = ,uz - §X
e enf
2
Ny o IR? 1
+ uz R 2 3X
[(G-%) +r2 (3)
adal) 5 0T e 098 arulre o g 35 yo o lds 51 ass o
3
Ny o IR? ANy ol
=t k= (2 T x (4)
(ZRZ); 5 R

byl 50 (umablido hine 51 (&b Haluis -2-1
MR Lol |y 2yl bl gl 4 byrpe el o ks
b et T 5 G o b s RS (Ssp e boal g ool
Sl S 4 ly blie AT 0,5 esalie WS e Lit,r
ol (SO SUl jeige SO0 098 oo oolaiul (SO Sl ool (slajgige

2 oo 2 093 1394 i ol 355 5 osilis o



OlSed 9 (505 Sgaue U295 il aluwg 43 (sl Aagh) (S0 uBge )3 Sl Ol V9ac HBU (w2
cSlw=-3-2 e oo Cenglie 5 )l Slogas 1 Jgus
'(5 Ji-d) s sl onds s")‘b olal b s wﬁf < | i j‘ Giglcﬂ acgon Tab.1 E]ectrlcal and thermal propertleis — A
s B Ceaglie e N
e S A o
60 mm 15mm (S (o 039 shs Sl Gome Oz
K Z ]
. . g 08 8960 %  16x10°Qm 385 2A
3
oz Slasuie 2
£ 50 men 11 mm FHstele Gloge o Jou
E e Tab. 2 Coils properties
™~ - N " "
f’C_‘I (o] =4 8 293 Slass e a8 T b T
EI ] < g 140 1.2 132.6 Pigse
o 140 0.8 58.9 PSS
s oo Slame e GRalil pae 5l Lol 6
AT max k 1k
Fig. 2 Dimensions coils =100 ——= — (12)

g s Sl 2 S

8[1] =]
5.,22880-003 | (

4, 9025e-803 ka g
4.5762e-003 \ A S

4, 2499¢-903 A S s Y
3.92568-003 ’ TE et
3.59726-003 . —
3.2709:-083 L
2. 94462-003 ! -
2. 6183¢-003 o S e 71 B
2,2920e-003
1.9657¢-803
1,63942-003
1.3131e-003
9. 86852-004 v
6. 6053e-004 / ID
3. 3425e-004 y )

7.9232¢-006

Fig. 3 1A Current flow through both coils
Bt 25 el 1 olej o0 oy j5ee 3 S50

0.00188
& 0.00186
33 0.00184
E 0.00182
At 00018
~ 0.00178
% 0.00176

0.00174

-40 -20 0 20 40
(e o) degozmo 5 50 5l alols
Fig. 4 Flux density through a pair of coils
JsS Chr S e 50 6y5ee Sl JB 4 JSS

: o ST o N e T 5 T
Fig. 5 Two pairs of Helmholtz coils built
o 4l oS jspele iz 90 degaze 5 S

2 o)t 2 093 1394 Gl ol pal 35 5 o i

hour ~ 36 s
by, Gk ylade cnl ln
1k J Kg
.08 x 107%m)? \/; X 385 L 8960

max ~ 4 1.6 %1078 Q. m
Lo = 1.23 (13)

2528 e 3 ) 7 Ol Ol o canzme b ()l Jols Jodo 4 4l
el 2 o ssme ol ool sl b gz 3 65 gl s 5 5l
Olawe cpl 3las cunl ol o aad aSiol 4 az g b ol atils jlxae 1)
@ 1) gl colatul S > ol 5 Slasly pocesdes sl gunblise
Sl Sy axle s andl a5 el 5L s (o 0-10 s50> o gl
B I s baneew 5l o Ol @ a2s boadbie Ol
o 5255 s Slp dgdige Szl lap] (o (sLab 50 & bline
o o3litl fionlis 08 o 5l 255 o Sl 5 5o (Lee 08
S oz sy oY e gl abue ol oY Slonlon
ol S8 ol @ 5555 e

nd? 140 x 1.44 x Tt
f)'\Jblaj.aCJau=<T>><al.\.ﬁ)5o=+=58.25 yiondoo
Jsb 2126 5 el)] )0 e (e 126 Sj90 & ) ghafle mhaw (nl &5
2o g olse Aol @ 4z b oo o aldl il w8 S e 0 o
Sz My ghie ghe 5 oad i 0.7 50 Wb osae Gl Jalse

5555 s o2dly alaile law = 158.25/0.7=226 =15x 15
140 x 064 x 1
=704 oo

d?
f}ybbh@au=<7>xg|w)5o=f

g Jsb 0 7.9 5 el 0 e Lo B9 &jg0 4 ghafie o (pl oS
0.7 33 Vb 006 s b 0 418 Y o o5 joblan 5 0 a8, ki o

2l Sz g 6l @ly 50 alply el Cess 41006 (T s
gl 2 S50l L 975 b el il S sS g Job 11 L el
3o ol | bgnpes alade

Gl -2-2

Sl plonl b e ubliie (158 5 0ud 48,5 a5 )3 asin 4 425 L
SLbl s (meblin sbaplyz soe Jl o & Glaphes (bl
2O ol sl & )l w0 F (sileand b0 Sl Lo
O il JouSo ] ilutends 38l 5 el ok w83 L
o3ls L 3 S8 55 g 5l oS 2 5l 0Lz el 1 jgee Jol>
G 02 g el 1ol ) ol (eblie plage laie a0
lge Sy 4 IS @ Jilsgela LosS i S

48



OSad 9 (5 ka5 Sgrume

J295 3Ugieald alaung 43 Sl dagl) SRS usBge S KISl Yl Jgac Jul w22

10 51 a8 (sllak b g o, L 45 5 analin &yl i 5|
ouds plsil (o pSo3luil g Wl Cdillae (5,05 > b lag ,uS ozl ws o
SA3) L (8) Ll i o auily wglas (5,955 > b 4,026 iSlas
el o 0dls ylis plaS o o Uas do 10 g el 2 915 A by jeus
O Sy i odsl )l am las o iolejl oles [0 a5 5ed o cvalice
o3 lagtalejl 50 g Wb oo 2l (6,95 e 3l 00)0 10 5l yiaS lae
0.6 5 0.4 590> 4 p93 g O,z a5 8l co 5l Sy (b a5 b

VPN
60
50 &N
1:‘/'
.~ 40 el
2 /‘,
- 30 -
& 7
< 2 -~
0 i ]
0 0.5 1 15 2 25 3

() 3 @ o 5l a9 Qb o

Fig. 8 Effect of change of current of second coil on encoder’s angular position
while first coil’s current= 1A

2550 a5 2 299 e bz BRI g sel 1 0lyz 38 S

60

0 05 1 15 2 25 3
(o) oo g e 3 G308 by o

Fig. 9 Effect of change of current of second coil on error while first coil’s
current= 1A

P39 g Ol GIPI b s 0oy g el 1 e jeee 9 S0

45
40

35 ,-/

.30 /
F25 o~

.20 ~
S o
10 ¥ 4
& O 58

1
(1) 3o @ o 5l e Qb o

Fig. 10 Effect of change of current of second coil on encoder’s angular
position while first coil’s current= 1.5A

2550 gl 2 99 g bz SRl g el 15 by 3b 10 S

49

Sl boiT b -3
BB (B Cudgo-1-3
ool asgeze glasly Cundse 59y Olyr Db Sl gy Gl
Gl ol 2 515 51 505 oly> mho 4 b iylesl s 5 b
g 5l o Oz e by wb a8 S A 0 S5 e
35 sz 0 e Gl 5 (s2) 255

58S 558 el 05 Ll Glyz 2525 e 5l o5 olSn
GRIPl L labad S B koo GRIPEN g 4 S maee 0L
So b ol 5 om g osdised samlin Lyoal pScuz 1 Gt Ol
03,5 Cud psSilaS (galasl oS oo 18 CunBse jo ;0SS SLSL n
ol 00 03,916 JSi 40 Condl

Ol (RIPIL ) 2ol 04 & 050 e 30 0ly> o5 Sles b
222 3 2583l i Se b ol ) Gy g ot csnline 3583l gl o (6 e
s3e b aS al saline ()55 b annlie 5 (qu)n b a5 85 8 e
Cd)F oo 58 4,0 19.8 CusBge j0 1050l b opgd g 5104 L
7 U o e vy il alols (5,655 Sl b duo o 119 sgu oS

Ll o0l cals UL...J

80
70
) 'M
60 e ' atd
3 50 / T
3/ 40 oy
30 of
20 'p/
10 S -
oimles]
0
0 05 1 15 2 25 3

(o)) oo g oo 3 S 3e8 by o

Fig. 6 Effect of change of current of second coil on encoder’s angular position
while first coil’s current= 0.5A

255 aaly 99 @ 0 Ol GR35 el 05 by 53l 6 Y

100
90
80
70
60
50
40
30
20
10

[IPESRWR

0 05 1 15 2 25 3
(o)) oo g o 3 S 3e8 Ol o

Fig. 7 Effect of change of current of second coil on error while first coil’s
current=0.5A

p5° @ Oz Gl L s 0oy 5 el05 (b 50 7 JSB

2 oo 2 093 1394 i ol 355 5 osilis o



OSad 9 (5 ka5 Sgrume

29 silgicalds Ay ds sl dagl) (52 wasBge )3 KL Yl Jgac HBL )

il 5 Ay 4 e ool 14 S o 5y Jlasl o] b Soilesd 295 oo

SIS 5y ol e g 0sdiee s Jleel Ss e 529d

Lz g gl oo (ogiamS g (g Obyz 4 ol S S

el oo 0aly Lis 15 S jo oad izlu e .00 ,8 oo Jloyl sla bisS
Micro

W Bigger coils
Cos
Computer | F— PWM  |— 1298

controler

Power Sin
supply

Fig. 14 Block diagram of coil rotation system

S G s (Sl Jfoges 14 JSC

Fig. 15 The built control circuit

oo sl J 8 e 15 JSCb

360 &g 4 games o slad o byl oad plol sloialesl jo
wles (gs 4 9,0 5,8 1L Cudlys 5 4285 CoaBga a4z

S5 o -4
Fols asgozme Sy el 5 leand (b s, Gesh ol 0
Sexbge 50 Sl 3j00 e g 03,5 18 Ll Al b sscd ke
A 0l 2 g O yg0 4 g 8 S 18 Cunlis layl;

08U sy 5 alie Slaz o byoel wilise aglk z e b
Cond 5&“ o\)‘).g assle ‘)«.:.‘GL.&A 5)3 'GL-O‘ S99y D s,&)f s./.:.d}o
S )5 celiie lage b g o ool 45 b o 5 s plol

Jol @m0 Ol o5 (oln a5 0l oy (383 (Bolusden )
a3l 5 355 )by Gz Ko b wiS o il 50l 04 (L S
ke ol 2 e @ ol e 50 Olz G L 08 0 51,8 222
2 2l 04 bz Jloel plSin a5 g5k 4y il rals sl i
Sl |y e (Botusdae Colll 5 wo S 72 adsl By psd e
b oSn il |y 68 ol SrsS e o lSin 05
S95 e 4 00l (65 oslal gl polie 35,5 Emeew Ol GRIB

g FS95

2 o)t 2 093 1394 Gl ol pal 35 5 o i

80
70
60

A
o O

IPESRWIRR

05 1 15 2 25 3
(1) 5o et o 3l e Ol s
Fig. 11 Effect of change of current of second coil on error while first coil’s
current= 1.5A

po g Obz GRIPI L s oo 5 1l 15 b jeee 11 JSC

35 &

30 /

g

(az50) a4l;
R NN
o o o

L7
10 /’
5 -

0 o

0 05 1 15 2 25 3 35

(1) P9 g o ) e Oy

Fig. 12 Effect of change of current of second coil on encoder’s angular
position while first coil’s current= 2A

255 gl 2 99 g bz SRl g el 2 by b 12 IS

100
90
80
70

% 60
3 50

3 40
30
20
10

0

0 0 2 25 3 35

S Al ,
(oT) p35 g oo 3 o3 Ol o

Fig. 13 Effect of change of current of second coil on error while first coil’s
current=2A

P33 g Ol GRIRIL S woys g el 2 Gl joee 13 SIS

kS Fsrela sl eslital Sl lade ol 5l 2eS slach 2 5o nlale
10% 5l e <o b YL lapl > o Ll o jlas 992y pocusdge sly
0.5 Jgl JosS a5 gloj as 0030 .0,5 solitul asiadse sl o)1 5l oyls3 oo
a0 225 Joleo adsl (o 5 a8lco B (A it 900 Sl sl
OBl Al i 9o i Jol b Sagee bz 4z g was )
T2 Gy i 3,58 o ol 2 0l ol JisS 51 oS oy a0
el 208 glalimSle BB obo 4y oS s

Qg (oS o &S > —-2-3
Jlesl bsS Gz j2 4 cwgianS 5 (pmgiw oslie slajlds HG! sl

50



OSad 9 (5 ka5 Sgrume

295 Hilgiealds Al ds sl As9l) (5B casBge S XS YLy Jgas JBE w2

[4] H. Choi, J. Choi, SJeong, C.Yu, J.Park, Two-dimensional locomotion of a
microrobot with a novel stationary electromagnetic actuation system,
smart mater. Struc, Vol.18, No. 11, 2009.

[5] S. Jeong, H. Choi, K. Cha, J. li, J. park, S. Park, Enhanced locomotive and
drilling microrobot using precessional and gradient magnetic field, Sensor
and Actuators, Vol. 171, No. 2, 2011.

[6] L.F.Bozo, P.G.Milani, A proposal for implementing a Helmholtz coils cube
control, Journal of Aerospace Engineering, Vol. 5, No. 4, 2012.

[7] T. Johansson, P. Jensen, KKrag, Helmholtz coil for characterization of
magnetic sensors, Technical university of Denmark, 2003.

51

&5

[1] E. Ramsden, Hall-effect sensors: theory and application. Newnes, p. 195,
2ndedition, 2011.

[2] D.Herceg, A. Juhas, and M. Milutinov, A design of a four square coil system
for a biomagnetic experiment. Facta universitatis-series: Electronics and
Energetics, Vol. 22, No. 3, 2009.

[3] H. Choi, J. Choi, S. Jeong, C. Yu, J. Park, Two-dimensional actuation of a

microrobot with a stationary two-pair coil system, smart mater. Struc, Vol.
18, No. 5, 2009.

2 oo 2 093 1394 i ol 355 5 osilis o



