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NOTICES

Disclaimers

The findings in this report are not to be construed as an
official Department of the Army position, unless so desig-
nated by other authorized documents,

The citation cf trade names and names of manufacturers in
this report is not to be construed as official Government

indorsement or approval of commercial products or services
referenced herein.

Disposition

Destroy this report when it is no longer needed. Do not
return it to the originator,
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COMPUTER AIDED DESIGN OF BRAID PARAMEIERS FOR COAXIAL CABLE

Jack Spergel
Flectronics Technology and Devices Luboratory
U, S. Army Electronles Command
Fort Monmouth, N, J. 07703

RIRTATEIPE

s

I

INTRODUCTION: Shielding of coaxial cable as where:
well as other special multi-conductor cable C = percentage of ' rea of cable surface
¢ b designs is becoming increasingly lmportant to covered by b id
'ﬂ minimize electromsgnetic radiation from or into F = £111 factor ..gace or weight factor)
3 the cable, Digital data transmission, broad- A = angle of bry.. wire with cable axis
4 band radio frequency circuits, sensitive audio D = diameter o, : cable core
b or voice circuits, as well as high intensity d = strand (or (.24 wire) diameter
f ' voltages such as lightning or electromagnetic P = picks per ich
< ¥ pulse (EMP) have established requirements for C = number of .. wiers
2 3 better chielding of cable, For cables whose N = number ¢ ~"s (braid wire) per carrier
A application requires a high degree of flexibility W = weight ¢ ¢ -ald per unit length
- (ease of bending and/or long flex life), braided w = weight ¢’ st-and (braid wire) per unit
i conductors are frequently used in the cable length
B design. g Ky = braidin. factor which is used for
pix attenu  ion calculations
¥ ¥ The cable design engineer who must ofc = ettemu vion of copper conductors in
3 establish the specification for the braid is coaxic. cable
4 faced with optimizing the design in regard to C = constr't for a given conductor material
S its shielding effectiveness, weight and cost, and caktl. Impedance
attenuation, and its flexibility. In order to
provide the cable engineer with a tool to ald TABULAR DATA: For a specifi=d number of
him in selecting a design, a coumputer program carriers, ends per carrier, and picks per inch,

(Fortran IV) was developed for the enclosed
series of tabular data vhich could be readily
used to determine the physical perameters of
the braid, as well as Information to Judge its
potential flexibility and sttenuation character-
istics.,

CALCULATIOM™  Before discussing the deta in
the tables, brief review is given of the
braid elements end the formulas used to
calculate the various parameters,

Figure 1 schemtacially illustrates the
elements of a brald design on a circular cable
core which could represent the dielectric of a
couaxial cable, or a stranded multi-conductor
core, or a single insulated wire, The formulas
for calculating the various braid parsmeters

each table includes the coverage, fill factor,
angie, and braid:ng factor as the strand diameter
and diameter over dielectric is varied, There
are forty-fZve such tables for each combination
of 5 carriers (12, 16, 24, 36, 48), 3 picks per
inch (3, ¢, 15) and 7 ends per carrier (4, T, 10),
The strand Jdiameters range from 0,003 to 0,010
inches and the diemeter over dielectric renge
from 0,050 %o 1.000 inches, These values are
congldered quite practical for most cable

designs ani interpolation or approximation can

be easily made for any other combination of

braid parameters, To provide data for smaller
intervals within the range of ends and picks would
result in an excessive number of tables, (For
example, if the number of intervals were increased
from 3 to 5 for the ends and picks, we would

have 125 tebles),

e
e

' are derived from Figure 2 and are given by:

o

In using the tables, the following qualifica-

%

5 (1) ¢ = (eF - F2) x 100 tions should be noted:
b (23 F= PNd/sin A
it (3) A= tan-l 21r(D + 24) p/C (a) The asterisk indicates that the
& (4) W= coverage exceeds 100% or the braiding factor is
) (5) ec = [(Ks/d) + (Kb/D)] 1/_ less than 1, and is therefore not a realistic
s 1 (6) Ky = 1.0/F cos2A braid design, One-hundred percent coverage or

braiding factor equel to 1 is equivalent to &
solld conductor and & braid cennot be better than
a solid conductor,

/
3 <
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(b) Coverage of 100% in the table is the
result of rounding ~7f of the decimal to the
nearest tenth, i,e,, when the coverage is equsal
to or greater than 99,95%, it is printed out of
the computer as 100,0%,

(¢) The calculations are based on & tight
braid design (i.e., mean diameter equal to
D+ 2d), and no allowance was made for air space
or looseness, For larger size cables, it may
be more accurate to use a mean diameter of
(D + 3d) instead of (D + 2d). The data in the
tebles are limiting values and practical cables

- would actually have slightiy lower coverage than

those indicated because of manufacturing
tolerances and veriations,

(@) The weight of the braid is not given
in the %able since the density or weight of the
braid materigl must be known; however, it can
be readily calculated from equation (4) for any
specified braid materiel, strand diameter, and
core diameter since the fill factor for the
braid is given in the table,

(e) The braiding factor is useful in
calculating outer conductor or shield attenua-
tion., It is a measure of he ratio of the lay
factor to the fill factor, The lay factor is
the ratio of thes actual length of wire to the
linear length of ceble, therefore, the greater
the lay factor the greater the braiding factor,
In addition, the fill factor is a measure of
the surface area covered by the braid, therefore
the lower the fill factor, the greater the
braicé faclor, It is therefore reasonably
apparent that the longer the braid wire relative
to the length of cable and the lower the fill
factor, the greater will be the braiding
factor and, in turn, the attenuation,

REFERENCE: Spicer, L. R,, "Relationships

Between Attenuation an® YWire Braid Design for
Flexible Radio Frequency Cables," Electrical
Communicetion, Vol, 40, No. L4, 1965, pp 487-492
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Adlr Corps from 1943 to 1945. After World War II, Mr,
Spergel attended Cornell University, Ithaca, New York,
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Since 19%9, he has been employed at the Elec-
tronic Technology and Devices Laboratory, U. S. Army
Electronics Command, Ft. Mommouth, N. J., where he
has been engaged in research and development of coaxial
{ransmigssion 1ines, wire and cable, and electrical con-
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been Chief, Transmission and Electromechanical Devices
Branch, responsible for the development of cables and
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AC/67(SWG/12) on "Electrical Connectors and Connec-
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a MeGraw-Hi11 Handbock on Wire and Cable to be published
in the near future.
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FORTRAN IV COMPUTER PROGRAM FOR CALCUIATING BRAID PARAMETERS

FILE 6z0UTPT, UNIT=PRINTER
REAL K(25),C(5)4DCT)(P(T),NC(T),A(25),C0V(25),DOD(25),F(25)

300 DATA C/12,16,24,36,48/,P/3,5,7,9,11,13,15/,
428 - N/4,5,6,7,8,9,18/,D0/.883,.004,,005,,006,.007,.008,,010/

500

700

800

900

1200
1169
1200
1300
1350
1408
1500
1600
1700
1860
1900
2008
2120
2200
2250
2300
2400
2500
2600
2709
2800
2580
3800
3ip0
3150
3160
3209
3380
34p0
3426
3440
3500
3600
3708
3800
3850
3989
49900

PI=zA.%ATANCL,)

5 FORMATC1H1,45X,"BRAID DESIGN PARAMETERS FOR COAXIAL CABLE®)
Do 160 KC=1,5,]
CR=CCKC)

DO 188 1:=1,7,3

PK=B(D)

DO 128 J=1,7,3

EN=NCJ)

WRITE(E,5)

WRITE(S,10)

1@ FORMATC1HMO,50X,"CARRIERS PICKS ENDS™)

WRITEC6,15) CR,PK,EN

15 FORMATCIH ,53X,12,10X,12,7K,12)

WRITE(6,20)

20 FORMATC1H@,"STR.DIA.",20X,"DIAMETER OVER DIELECTRIC*)

WRITE(6,25)

25 FORMATC1HO,12X,"9.058 2,100 2.150 0.200 0,250 0,380"
=" 8,35¢C 0,400 9,450 6.500 0,550 0.6A2 8,650 £,700 9,750"
- 5,525 0,850 6.908 0,943 1,006

DO 198 L=1,7

SD=D(L)

DO 158 M:=1,20

DODCM)=FLOAT (M) /20
ACM)=C 188, /P1)XATANC2 4P1#(DOD(M)+2,*SD)*PK/CR)

FCM) zPKXEN*SD/SINCACM) «P1/188, )

COVCHY = (2, &F(M)=F (M) *42)%128

KCMI=1 .8/ (FCMIXCCOSCACMIRPI/ 188, ))%42)

IFCF(M)JLE. |1 .8)G0 10 158

COV(M)=1BESD

K(M)=1DESE

158 CONTINUE

WRITE(6,33)5D, (COVCM) ,M=1,20)

3OFORMAT(IHB,FS,3,3X,"2C" ,20F6. 1)

WRITE(6,55) (F(M),N=1,20)

SSFORMATCIN , 18X,"F" ,20F6.3)

WRITEC6,35) CA(M),M=1,20)

3SFORMATCIH ,10X,"A",20F6,1)

WRITEC6,48) (K(M),M=1,28)

4BFORMATCIN , 18X,"K",20F6,2)

180 CONTINUE

STOP

END

321 ' 4

\e




e e it - e [TV e———p SR U IS S e A S 1SS e b

L INCHES

fa—— REVOLUTION ——————ony
: ALONG AXIS I

cB cS L

7 VT

bt

= LENGTH OF
I PICK
T
!
VAo
6§g; «© i
&0
¢ 7 T Om
S L INCHES
SF
WA
7K
\QL <
A\
\
a° _‘_
|
be——— S x & inches -

Dy = (D + 2d) meen diameter % Coverage = actual area of braid x 100
total surface area

Length of lay = C/2P

Number of picks x length

of pick
= b2 - (b-2)% = b2 - b + 2ab - a2
tan A = T Dp/(C/2P) = 2 W (D + 2a)P/C b2 W2
A = ten -1 297 (D + 2a)p/cC 5 s
% Coverage = 2ab -_gg = 2(a) -(a) = 2F - F
F = 2/b = fill factor, i.,e., the ratio of the ¥ (v) (b)

actual width of one pick to the width of ~ne
pick for 100% coverage
From Reference:
Wiath of one pick = ™d/CosA
Braiding Factor, Kb, is ratio of lay factor

Number of picks = C 2 Ky to fill factor, F.
Average circumference = 47D, = {Nd 'F CosA) (C 2) Ley factor is defined as Ky = 1 + tan 2p
CosA = NAC/2 7 D,F Ky = % /F = (1 + tan?A)/F
(CosA) (Tan A) = sin A = (NAC/2 T D,F) (27D,P/C) K, = 1/F Cos®A
F = NAP/sin A
#16, 2
322
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