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Abstract

By applying a 3D printer, which has rapidly been attracting attention in the last few years, we
fabricated a small-aperture horn antenna, such as a pyramidal horn, ridged pyramidal horn, and
corrugated conical horn, and present the results of the measured radiation characteristics. These
antennas were designed by means of the aperture field method or numerical solution, and the
dimension data were input to the 3D printer and fabricated by laminating resin. Next, these resin
surfaces were coated with conductive paint, and the input impedance and radiation pattern were
measured, after which the results were compared with the theoretical calculations. We confirmed
that there is no problem in the reflection characteristic by applying conductive paint on the same
flat resin board and measuring the reflectivity of the conductive paint that is attached to the open
side of a waveguide. The electrical performance of these resin antennas that were fabricated by a
3D printer had almost no problem in comparison with the conventionally produced antennas, and
we could show that estimating small antennas using a 3D printer can be performed cheaply and in

a short amount of time.
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Fig. 1 Parameters of pyramidal horn (L: H-, R: E-

plane)
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Fig.3 Photo of resin pyramidal horn fabricated
by 3D-PRT (upper—left: CAD model,

before, lower: after painting)
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Fig.5 Measured radiation field of pyramidal horn
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Fig.6 Outline of pyramidal horn with double—

ridges
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Fig. 7 Photo of resin pyramidal horn with double—
ridges fabricated by 3D-PRT (after painting)
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Fig. 11 CAD model and dimensions of corrugated
conical horn: type (a)
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Fig. 13 Measured radiation field of corrugated

conical horn in Fig. 12 (from upper 10, 13, 15 GHz)
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Fig. 16 Measured radiation field of corrugated
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TpoTW5D,

Fresnel #E/mid, WEIEGR COMEDOEAREK TH D,
Zoi=, 8 (1) KXo C(z), S(z) dEREPIC L 59
7 V—F % FORTRAN S35 T, 4 (41) ooHL5E Fresnel
5713 MATLAB S35 CH# L T <,

SUBROUTINE FRENEL (X, C, S)

PI=3. 14159265

SIGN=1.

IF (X. LT. 0. ) SIGN=-1.

X=ABS (X)

SQPTH=SQRT (0. 5%P1)

SQX=SQRT (X)

IF(X.GT.2.) GO TO 20

T=16. —Xsk4

AA=((5. 100785E-11T+5. 244297E-9) *T+5. 451182E-7) *T+3. 273308E-5
AA= ((AA%T+1. 020418E-3) #T+1. 102544E-2) *T+1. 840962E-1

BB=((6. 677681E-10%T+5. 883158E-8) *T+5. 051141E-6) *T+2. 441816E-4
BB= (BB*T+6. 1213E-3) *T+8. 02649E~-2

C=X*AA*SQPTH*SIGN

S=Xs#k3*BB*SQPTH+S TGN

RETURN

10 T=4./X#x2
AA=((~6. 633926E-4*T+3. 401409E-3) *T~7. 27169E~3) *T+7. 428246E-3
AA=((AA%T—4. 027145E-4) *T-9. 314911E-3) *T—1. 2079986
AA=AA%T+1. 994712E-1
BB=((8. 768258E-4%T-4. 169289E-3) *T+7. 970943E~3) *T-6. 792801E-3
BB=((BB#T-3. 09534 1E-4) *T+5. 972151E-3) *T—1. 606428E-5
BB=(BB*T~2. 493322E-2) #T+4. 444091E-9
SINX=SIN (X*X)
COSX=00S (X:X)
€=0. 5%SQPTH+2. *SQPTHx (SINX*AA+COSX*BB) /X
S=0. 5%SQPTH+2. *SQPTH* (~COSX*AA+SINX*BB) /X
C=C*SIGN
S=S*SIGN
RETURN
END

% Extended Fresnel Integrals using MATLAB

clear ;

% input

Nmax = input(Cn = 7) ;
Qmin = input CQmin = ) ;
Qmax = input(’Qmax = ") ;
Umin = input (Umin = ) ;
Umax = input (’Umax = )

% Fresnel (x) = C(x) + jS(x)

QQ = (Qmax - Qmin)*10 + 1 ; % data area for ’Q’
UU = (Umax - Umin)*10 + 1 ; % data area for 'U’
% data area

T1 = zeros(QQ, UU) ;

T2 = zeros(QQ, UU) ;
cl = zeros(QQ,UU) ;
c2 = zeros(QQ,UU) ;
sl = zeros(QQ, UU) ;
s2 = zeros (QQ, UU) ;
HO = zeros(QQ, UU) ;
H1 = zeros(QQ, UU) ;
Hn = zeros(QQ, UU) ;
% HO, H1

for uu = 1:UU

for qq = 1:QQ

q = Qmin+(qq-1)/10 ;

u = Umin+(uu-1)/10 ;

if abs(q) = 0.01

[CK] = msinc (u, Nmax+8) ;

HO (qq, uu) = CK(1)—0. 5%q2%CK (5) +q4*CK (9) /24.
+i%qgk (CK (3)-q2%CK(7) /6.)

if Nmax O

H1(qq, uu) = CK(2)-0. 5%q2+CK (6) +q4*CK (10) /24.
+iskqe (CK (4) —q2%CK (8) /6. ) ;

Hn(qq, uu) = CK(Nmax+1)—-0. 5%q2%CK (Nmax+5) +q4*CK (Nmax+9) /24.
+ikgk (CK (Nmax+3) —q 2%CK (Nmax+7) /6.) 3

end

else

T1(qq, uu) = sqrt(abs(q))*(u/(2.%q)+1) ;
[c1(qq,uu), s1(qq, uu)] = fresnel2(T1(qq,uu)) ;
T2(qq, uu) = sqrt(abs(q))*(u/(2.%q)-1) ;
[c2(qq, uu), s2(qq, uu)] = fresnel2(T2(qq, uuw)) ;
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delta = sign(q) ;
CS = cl(qq, uu)—c2(qq, uu) +i*delta* (s1(qq, uu) -s2(qq, uu)) ;
HO (qq, uu) = exp(-i*u2/(4.*q)) /sqrt (abs(q))*CS ;
H1(qq, uu) = exp(ix*q)/g*sin(u)-u/(2.%q)*H0(qq, uu) ;
end
end
end
% Hn
if Nmax ==
Hn = HO ;
elseif Nmax == 1
Hn = H1 ;
else
HnO = HO ;
Hnl = H1 ;
for n = 2:Nmax
for uu = 1:0U
for qq = 1:QQ
q = Qmin-1+qq ;
u = Umin-1+uu ;
if abs(q) 0
HNT = (exp(i*(q+u)) —(-1.) (n=1)%exp(i*(q-u)))/ (i*2.%q) ;
HN2 = -u/ (2. *q)*Hnl (qq, uu) ;
HN3 = = ((n-1) /(2. *qg*i))*Hn0 (qq, uu) ;
Hn(qq, uu) = HNI1+HN2+HN3 ;
end
end
end
HnO = Hnl ;
Hnl = Hn ;
end
end
%
%
function f = func fresnel (x)
¢ = zeros(size(x));
s = zeros(size(x));
7z = X.2%pi/2;
casel = (0 (z-4));
case2 = ( casel);
%
% casel
z1 = z(casel);
cel = cos(zl);
ssl = sin(zl);
z1 = 4./21;
al = (((((((8.768258¢e—4. *z1-4. 169289e-3) . *z1+7. 970943e-3) . *71-
6.792801e-3). *z1. ..
-3.095341e-4). *21+5. 972151e-3) . *¥z1-1. 606428e-5) . *¥21-2. 493322~
2).%z1+4. 444091e-9;
bl = ((((((~6.633926e-4. *z1+3. 401409e-3) . *z1-7. 271690e~
3).%z1+7. 428246e-3) . *z1. . .
—4.027145e—4) . %21-9. 314911e-3) . *z1-1. 207998e—6) . *z1+1. 994712e—

13
z1 = sqrt(z1);
c(casel) = 0.5+z1.%(ccl.*al+ssl.*bl);
s(casel) = 0.5+z1.%(ssl.*al-ccl. *bl);
% case2
22 = z(case2);
c2 = sqrt(z2);

s2 = z2.%c2;
22 = (4-22). % (4+22) ;
c(case2) = 2. % ((((((5.100785e~11. *#72+5, 244297e~

9). #22+b. 451182e~7) . *22+3. 273308e=5) . %z2. . .

+1.020418e-3) . *z2+1. 102544e-2) . *z2+1. 840962e-1) ;

s(case2) = s2.%(((((6.677681e-10. *z2+5. 883158e-8). *z2+5. 05114 1e~
6). *22+2. 441816e-4) . *z2. . .

+6.121300e-3) . %22+8. 026490e-2) ;

c = abs(c):

s = abs(s);

%

casex = (x 0);
c(casex) = —c(casex);
s(casex) = —s(casex);
s = —s;

%

f = ctlj*s;

end
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