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Abstract

The analytical solution of the magnetic field of the cylindrical conductor is more advantageous
than the approximate numerical solution. This paper optimizes the equivalent substitution relation
of arc differential under arc condition and stereoscopic coordinate system under two-dimensional
condition. It reduces the number of variables in the function and reduces the difficulty of integra-
tion. The integral process avoids the problem of total elliptic integration. It can be used to calcu-
late the exact value of electromagnetic field of the cylindrical guide rail of the electromagnetic
gun.

Keywords

Smooth Curve, Arc Differential, Equivalent Substitution, Analytic Solution

B HFEEn R R R E AT R

o, Kkmat, RAP, AKX
RBATT B, TR R P

N EAT, VAR OEM

SKBATI K R, TR R

Email: 1273461939@qqg.com

Wehs HiH: 20184Fs H6H; M HEM: 20184F5H20H; KA HH: 201845 H29H

SCES| AN, GRETES, IMNKA, PR A S AR IO NI SATT ST0]. B AAEE, 2018, 8(5): 246-255.
DOI: 10.12677/app.2018.85031


http://www.hanspub.org/journal/app
https://doi.org/10.12677/app.2018.85031
https://doi.org/10.12677/app.2018.85031
http://www.hanspub.org

Nk 45

R

B A: AR T AR LR D E R EE A . 3P 6 M LI R R B SR AR R ep, —
YA T BB 5 LA AR T I I BRARAL IS R R R, WD T B RENSE, Rond
FRETT T BEMERS, RRTROKMEE, RAGREBETHERERANSAF. THTBEERES
PR R E T

XK ia
WL, W, FMRE, BITE

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 3]

ASCOMRTA BRAC AL T A B B AR, i R RS T (L O T R VR I R H o SR AT R L4
BN R AR AR, AT 73245 BB AT i e 6 B AR AR B TR I HOBR &R, R Fe ST
ANRERARHY, R K D055 (AT RS B R S IR N 3 DUOE A IR TR AP (B AR
ERIRE, PN ES G, BRI, SRR e, AT DA TR S
b e A BB AR (O R, AR S AT A — B0, BUERRL N R, TR IE N LA S TR,
ez PR e TR I 1]

RIS P, RS AT R BRAE # 7R — e 2 R B R R R, BRI AT LISRAFAN I =2
SRR, ABOUR IR TR WA IR R A, SR AEE. A I ENTTAR SR G,
T A R, O BT VARG SRR T YRR, R EAS G 2T VA A RER
f[1]e SCBRP O =GRS, JE 10 24, MBI TARE BUE T EORIED, g R R E S Aok
B, TR AR E TG 2L AT, (BT = 4E A PR BT S48, 2R
AT — R, 0 HRTIOES, TR B IR 474, AT (1) ZHE B MR oy R, 35T
RS BAT AR, BRABIREIR RORTRR 50, KA RIR, ARAE R A B T P RALB R R e LI B
FROBUE TR R AT S R B O AT RS20 R 0. TR I P AR AR 6
2. SFENABHMZESAF LR TR FHA8E
2.1. WA FHAHBIERD ds(@) = ds(w)

w1, DARRTT AT T © O RUFER B Ol ¥ R ide FEAE— 1 P(a, p,2) FHETATRIA OOk,
P R VIZ T I HE dB w B, BHE I S ARHEE R ds(@) = ds(o) T

£ AOA™, 1L AME AM 1 OA' 5 OA'T M, |AM|=|0A|sin A® = r, sin AD ,
|A'M|=|04|-|OM|=r, —r,cosAD ; |PP|=a, |AP|=p, |AP|=p+ap, ZAPP'=a, ZAPA'=Aa, if
AfE AD 1 PA' %2 PA'F D, |AD| :|AP|sinAa = psinAa » |A’D| :|A'P|—|PD| =p+Ap—pcosAa [2][3][4]-
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Figure 1. The tangential magnetic field of a thin circular conductor

E 1. Y1 R EERAR SR

S HTIRGI T S AR, B ds(®) = ds(a) AL .

TEE S AAMAY,
] = 85(g) =\l am [ +| ]
= J(r,sinAg)’ +(r, —r,cosAg)’ [5]
= 1,\[(sinAg)’ +(1-cos Ag)’,
TEEMAADA ™,

|44| = As(a)=|4D|" +|4'D|’

= (| 4P|sin A ) +(|4'P| | 4P|cos Aa)’

= \/(p sin Aaz)2 + |:Ap +p(1-cos Aoc)}2 ,
R|AA|(=As) &/ NE S AAMAFI/NE i AADA"AFLRY, FrA
As(¢)=As(a)[=[44]].

LR
Z=As(p)-As(a)

= rx\/(sin Ag) +(1-cosAg)’
_\/(psin Aa)’ +Aap+p(1 —cosAoz)]2 =0,

EH Z Xt As(@) As(a) K S5

o7 AL ;;\/(sinAgzﬁ)z+(1—cosA¢)2
=lim — = lim = =r, [6]
6As(¢) A0 Agp AP0 Ag
inAa) +[Ap+ p(1—cosAa) | 2
% __4in 85 _ i (psinaa)’ + a9+ p(1-costa)] - p2+(d_/’], [6]
OAs(a) 2a0Aq  Aas0 Aa da

R Z &M AN Z=A(D)-A(a)=0,
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0z oz 3 s (dp 2 ~
HdZ|[As(¢),As(a)] = oA (9) d¢ aAs(a)da—erg/ﬁ p +(£j da =0,

EIJJp +{d jda rdg,
da

BT AR 2 2 AR A5 B ds(@) = ds(a) BRAL .

BB fESLIRAAR R, B |PP|=a OO FHTETHMCMIELED o KHEE), WL Y
A'—A(B AA' O, EAj APP'A'—E i APP'A(%55), B APP'A'NI APP'A % F B £ (K1 T #a 1A T 7] — 4
M, H PA—>PA(H PAc APP'ATRENI). a+Aa — LZA'PP' .

4

cos @

WA RN ):(d«f?a) o

da cosa (da)z cos’ &

i LLE ds(®) = ds(a)ar a4, 1K

dp a
ds(a)= /p +(daj da—coszada [7]

[FRERESRINM (745, ISP T AR L R 7, 4 ds(®)'5 ds(@) PRSI FRIAE -
1 EL LA T ASHE IR 4 e : B A, PG CRBH - ) EX @,

bYNHIER, FILEsy
ds :.ll+[f’(y)]2dy;
AR PP EIAR HE CIRRE 1= 1(@), [PsPP,] [HH) (OPE®,, ©,) LAESTH], LIS

#)=\[r(@)] +[~(»)] dp
EFHRI SRR R, FEE—CHIRRR Payg), P RETENR IS C IS dy @i
%‘}j p(a) a APREZx=a '—?E% p(a)%%ﬁ NI FFAE

By

T L@ ao=[oe)] [ (@)] e st——aal.

Cos o«

R AP IR 25 LAk AR R *%#ﬂlﬁ}ﬁ@%ﬁrﬁﬁ%ﬁ, ﬁ%%#&ﬁ%ﬁrﬁﬁ%ﬁ[ﬂ .

P B4 T 3 ds(a). T ds(@) = ds(a) 22 AR 3, h Eammrﬁﬂﬁﬂil/u W OO [AIFR @o ﬁzwﬂﬂz
I T A2 & © B R T HE 8N a MDA ds(o) TR TR, SRAGAR 0 R AT ffmlt vl
BUE IR BRI 2R

22. BRKEHSEZEE—RREFTRBYEESS B o BT A
Wit G 1 BRI SR ST AT B AR — A P IHZ AV A07 R B ol
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Wi, AR A ey R T 17 00 LA TAT R R A P R DL AR rhoe 9 2k v, AR
— AN R S L R R (AR AL S SRS RS SAAE P R B wllis, R
RAMRKEFE L L BE FEAE P il B oliid, B SARIR B, A Al e id 2 i 4

R s BT AR AR 7, R AR AR Y, SRR I [ A e i — M o
W HEREA TR, HEHIRBSENRREE, WREOO MO0 o NHE, ko 5%

R p. Ao MREA=ZATERR, BABRDZRENLS, EH a. a. p ZRBINHE K
\/[p +[p ]da( o ada]

LA OO I ds = rd®, [ R O BHK o, PLEERARM A, SEX ide FTAE )
DVR A IR AR 7, ARG FRAT XA 5C de #EATAR Gy SRS AE P R AL U FITAE AT I8 JA D) 26
J5 37 B ofIRNTIR, 4RSI B A SARLE P i U A B3 B AR AT A o

2.2.1. BRFTTROHERIRF EBR TR dBry
w1, 7R PR RE SR N B — AN R R AR b)) S I, 3T — A A T Ak HAS 9 5 2 e 2= (D
OO0 ). HHESFHIME— 5 PALTFATTOO MOOEE L, OO0 BN ATEECRRIC ide (ide “F47
Floo'), P5ide#EL N p, |PP|LOO, |PP|=a, Z(idl,p)=a, |O'P|=R, r.5|0P|f1Jfh ©, dB
5 dB wiJfh p, P B ide HLLMIBEEN k.
PR HIRTG ide 7E P SITEQOPATRIA L, ¥ P riVIZT7 M 3% dB .
A EE B - pEARUR B, FIRLG idd 78 P RINHES

4B — Myl smzadf,
4 p
dB 1£ P s O O A A V1L 5 k3% dB v,
dBy,
=cos f,
B B

dB,, =dB-cos f§ = Aol s1n2a d¢-cos .
4n p

a
—=cosa,p= ;
cosa

ds(a)=p"(a)+p’(a)da = da[ ds(¢ —rxd¢].

COS a

k = atana.
B HTTE R = AT A2 -

1> =k>+ R’ —2kRcos B = k = Rcos B+./r’ — R’ sin’ j3,
2 2 2 2
- t - +R
atana=Rcos/§’im{3—R251n2ﬂ:cosﬁ:a an a7r

2aR tana
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I SR B, WiRT id FEQOFATIRIA P ikt WDIZT5 1) LIRS

_ Myl sina

d¢-cos B(nds)

. : 2 2 2 2
My Ni sina a tan"a-r;+R a

5 s—dad/
4n 2an( a j 2aRtan cos” a

cosa

__H I
8nRa’ 2mr,

cosot(a2 tan’ o -7 + R? )dadé.

2.2.2. BRF BT HLHEHE R EE SR B o7

el 2, ERARN r R S AR — PR EARIE — AR ITER AS (=ds), &[S RE B fr KR
WIC ide NN n, BEABRERE _EHRRCEAECY N MH n=N/(2nr,), Hn—>owo], B AS A HGIC
A idnds A, A nidl, = Nidl, [(2nr,)=1'd( [(2nr,) , TREETEA TR PLHERZA, H
ds(®)=ds(a)= (a/cos2 a)da .

Jexf 1rde FER )R MR PV MR R sy, PR R B R V) I A AR

. R+ry
sinay = 2

j“”z.dz [ L B (2 tan* a—r2 + R )da [6][8]

X .
sina; =

By = '” 81tR 2,

gk —r.=1, R=11, ae(3,2,1,0.5,03,0.1,0.01,% 0,-0.01,-0.1,-0.3,-0.5,-0.7,0.9,-0.99)

[411/,uol] By e (0.00932, 0.02125,0.06145,0.1235,0.18465,0.31579,0.45404,
0.4909,0.62759,0.74945,0.77597,0.74945,0.62759, 0.4909).

T3y A [R5 v [RDREARR TR 9 5 e A R AR AS
2.2.3. BRFITFHROHMAEESEE B ofii5

mE 3 pR, FRERIEON SRERN r r, BRESESN S HE B ORFATRE OO0 EAAE—
B P, ri—r AR RSN m (=M/r,), 1Er AEREEFICE dry, dr BIRE
ml'dr, = MI'dr, [r, = Idr, [r, , T 538 [FAE ARG BRRE . SHRRFE RIR(DE P R BIVEZ AT E A VI
51 (I H3%) B we
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Figure 2. The tangential magnetic field of a thin circular barrel conductor

2. BREE SR

Figure 3. The magnetic field of a cylindrical conductor
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Ml a+g | \/a+€ (R+r2) +R+r,

3R ‘\/a+€ (R-1,) +(R-1,)
R—}"Z 2 2 R+7‘2 2 2
- ! R- l R
o J<a+ FrRon) v M)rz st +(Ren)
L, a+! |\/ VR (a+0) +(R+n) —(a+0) —R - Rr,
Ja+0y+8° N +R2\/( S 0) +(R—n) +(a+0) +R Rr,
R R
|1la + +r2 Py +r, R r a2+(R—r2)2—R+r2 2+(R+r2)2
‘\/a + R r2 R r2 ‘ ar, ar,
) a \/a +R*\Jd’ R-i—r2 —-a* - R’ - Ry,
va \/a +R*\Jd’ + r2 ra+ R —Rr,
yolr] a+g | \/a+€ (R-i—rl) +R+n
8n'R ‘\/a—l-f (R—1) P H(R-1)
R—rn 2 2 R+ 2 2
_(a+—f)lrl\/(a+€) +(R-1) +m\/(a+€) +(R+1)
o a+l |\/ +R2 a+€)2+(R+r])2—(a+£)2—R2—er
\/(a+€) +R’ ‘\/ +R2\/(a+€)2+(R—r1)2+(a+€)2+R2—er
2
+Zn @ (R ) + R+ Ron 2+(R—r)2—R+r1 24 (R+1)
1 1
d a2+(R—rv)2+(R—r1) ar, an

a \/a +R2Ja + R+r1 -a*-R? —Rr,
va \/a +R2,[a + R r1 +a +R? - Ry,

HHEER: (=r=1, r=0001, R=11,
€(0.1,0.01,# 0,-0.01,-0.1,-0.3,-0.5,-0.7,-0.9,-0.99, —1,—1.0L,-1.1) .

-2

[47t/,uOI]B1 b € (2.47505,2.70398,2.71 177,2.96494,3.30777,3.3999,
3.30777,2.96494,2.71177,2.70398, 2.47505).

T AT R TR AT 9 5, R B R X AR A RS
2.24. ANRHTRESE, AR—IELSEHFITERAVIRE LE—RBBMES Bra

W 3, P AlwIEREAE S0, BEZSHRPFTRBOO L, SRMIE P SRIHEBHTE 2.2.3 TK1;
P SR SARQ)EBGE, 1ZFRQ)E P ST R A OO0 VIM IS B, wie S M A SARQ)FE P 557~

LR B )5y &, H Byus Byw Ry OP (=R)¥JTE[—Fifi, B, LRy, B,ulOP, Z(B,,.B,
ZPOR=D . H

B,y = B, cos (B, B,) = B, cos ZOPO,

)=<£0PO',
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sin ZOPO' = ; sin ¢;

2

R?—(D+2r,) sin’
cos40P0'=‘/2 ( ;rz) Sm¢,
2

|(D+2r2)cos¢—R2|
J(D+21,) + R =2R, (D+2r, )cos ¢

cos ZOPO' =

n
B, =B, .cos(Bzw,Bz)rl [9]

Mol | a+t (a+0) +(R,+n) +R, +n,

= ln§

8n°R, Ja+0) +(Ry=r) +(R, 1)

R, -7, 2 2 R +rn 2 2
S Ja+0) +(R,-1,) +m\/(a+f) +(R,+15)

art  ar 0 +Rlar ) +(Re+n) (4 1) R~ R
Ja+ 0y + & ‘\/(a+()2+R22\/(a+()2+(R2—r2)2+(a+£)z+R22—R2r2
+R2_z

ar,

+2

2
a a’+(Ry+1) +R,+r
+—In

5 ‘\/a2+(R2—r2)2+(R2—r2)

412+(R2—r2)2

R +1, [ 2 a qla +R}\a’ + R +r2 P ~R; - R,
- a’+(R,+n) - -
ar, \/a +R; ,/a + R} \Ja +( Py d +R; —R,1,

Mol a+l, | \/(a+€) +(R, +”1) +R, +1

87°R, ‘\/a+€ R—n) +(R—r)
_ R \/(a+£) H(Ry=r )+ Jak Y +(Ry 41 )
(a+f)r1 (a+£)r1
L, a+! |\/ +R2\/(a+£) +(R,+1) —(a+t) —R: =Ry
\/(a+f) +R; ‘\/ +R22\/(a+f)2+(R2—r1)2+(a+€)2+Rzz—R2r1
M H(RAn) 4Ry R a2+(R2—71)2——R2+r‘ 24 (R +1)
ar an

i (R ) (R -1

a \/a +R21[a + R +r R22—R2r2

-2
\/02+R2 \/a +R \/a + rl) +a +R22—R2r2

\/Rz2 ~(D+2r,)"sin? ¢
. i .

SERBRE RAR(DAQR), EFROBPATEE Pl A IR A ) K B k7 -
Bpy =By, + B, [10][11][12]
H DA b0k HRIAL T T AT o i 0 7 B I R [ S A T 5, R PN BRAS BT [ AT 3 4
FIESEAT VR DL 3 IR (D) B, SARQ)R FRES SR (D BUE, BAE SR ZR L A5 f i
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Wss, RO EIZCER, LIS O 52 1S BTN SE, 128 B A 0 SR () A
AL DX 45k 1) T 7 A5 s AT R, 2% 18 P O 00 XSS R S M A Ok 55 o AR Q) I B 73 A 5 3R (1)K A
RRWIPIAA PRAC AT T A B 3 T2 B2 3 S AR AN DRE R, PR R ) AR e i
PR

BT =Y A SR R A, AR — T A R R AN A5 B B 1 T SR ME i A [
ARHES IR A A K AT RERT o A SCIRAT SRR 7 P A BRAT) 58 R S04 5 T SRR KR W A AT A, S
AERINRZ, HBE RS R R FEAESNRE, FIeR I TR AT S B RR EE, 72 A
AR R AR TR R AR A TSR A R I BRI AL I AR RS R B RS LR

3. &g

ST H R O A3 PR P A R, AR R T I 2 1 — R MO B (A 6
B4 24 S RO AR 557 AR F OSBRI AR AL O S A0 3 B IR B R, 3
AU H, ARORD TR BAOSOR, BIF T AR AL, RS T R RO, B A
B A ARIE . SR RB TR IR, 2oL — U3 LR 75 B KR4 O T

A THRITT, AL S T A T T R M R A S B R R TR A R T 5

SE WK
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