WS 19.3 PPM stack design
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This Mathcad 14 worksheet is designed to accompany the author's book "Microwave and RF Vacuum Electronic Power Sources", Cambridge University
Press (2018). The section, equation, and figure numbers refer to the corresponding sections, equations, and figures in the book. Data input fields are
highlighted in yellow and output fields are highlighted in green.

This resource is provided free of charge by Cambridge University Press with permission of the author, but is subject to copyright. You are permitted to view,
print and download this resource for your own personal use only, provided any copyright lines are not removed or altered in any way. Any other use, including
but not limited to, distribution of the resource in modified form, or via electronic or other media, is strictly prohibited unless you have permission from the
author and provided you give appropriate acknowledgement of the source.

The contents of this sheet are provided for educational purposes only and no warranty is expressed or implied that they are suitable for use as professional
design tools.

This sheet provides a model of periodic permanent magnet stack (see Section 19.7.3). It is based on
M. Santra, et al., "An Improved Analysis of PPM Focusing Structures Including the Effect of Magnetic Saturation in the Iron Pole Pieces,"
IEEE Transactions on Electron Devices, vol. 56, pp. 974-980, May 2009.
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Define the dimensions of the stack

Ferrule inner radius r; == 1.6-mm Magnet period
Ferrule outer radius 1y := 3.05-mm Magnet thickness
Pole-piece outer radius r3 = 7.5mm Gap length

Magnet inner radius ry = 3.5-mm

Magnet outer radius r5 := 7.5-mm Pole-piece thickness

Define the demagnetisation line of the permanent magnet material

B, := 8500-G H_ = 8000-Oe In S units

Define the permeances
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LIn = 8.5-mm

TIn = 2.95-mm

g = 2.25-mm
L

tp = T — Tm

B.= 0.85T

Equation 19.46

n:= 1,3..nmax

Equation 19.47

t. =1.3mm

H, = 637kAm |

Pl(rl,rz,gf) =1.183%x 10 8~H

Py(ry, Ly, gf) =3.868x 10 H
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nTr-Tm : _3
P3(r3. Ly Tpy) = > sinf — | Equation 19.48 | P3(r3, Ly, Tyy) =3225x 10 " H
n T n Tm KO ‘n.,n-‘r?) m
Lm
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P4(r2,r4,Tm) = - | Equation 19.49 | P4(r2’r4’Tm) —3944% 10 _H
m
Koy T (r 2 r 2)
0" \"3 75 . -
Ps(r3.15.Tpy) = : if 13> 15 | Equation 19.50 | PS(r3’r5’Tm) —0H
m
0 otherwise
R6(I'3,I'5,tp) = R6 «— ;ln r_S if I > I3 Equation 19.51 R6(r3,r5’tp) = ()i
2py Tty (13 (reciprocal) H
. Note: this equation is
R th . .
6 ¢ 0 otherwise incorrect in the book
Rg
1 -1 8
= — . Equation 19.52 ] = B
P3m(13:75: L T+ 4p) ° (P3(r3’Lm’Tm) +2 R6(r3,r5,tp)j [Eq | Pyp(113.15. L. Ty tp) =3225% 107 " H
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Calculate the total permeance

Pt(rl ,r2,r3,r4,r5,Lm,gf,Tm,tp) = Pl(rl ,rz,gf) + Pz(rl ’Lm’gf) + P3m(r3,r5,Lm,Tm,tp) + P4(I'2,I'4,Tm) + Ps(r3,r5,Tm)

-8
Py(r).13.13,14.75. Ly . 86, Ty tp) = 5.19x 10 °H

Magnet cross-sectional area
2 2
Am(r4,r5) = ﬂ-(rs -1y )

Find the working point of the magnet (H;, B;) and the flux density in the gap (Bg)

T
m
Ka(rm2o13:14:75 L 8 T ) = mpt(rl’r2’r3’r4’r5’Lm’gf’Tm’tp) [Equation 19.53 ]
m(t4
K L T =1.108x 107 °T.A !
(11257357475 Ly 8 T ) = 11108 R
BI‘
Ha(ro 21301415 L 21 T ) = B [Equation 19.54]

r
Kd(rl,r2,r3,r4,r5,Lm,gf,Tm,tp) + ;
C

-1
Hd(l'l ,r2,r3,r4,r5,Lm,gf,Tm,tp) = 348-kA-m

uonHd(rl ,r2,r3,r4,r5 ,Lm,gf,Tm,tp)

& B(11,1,13,14,15, Ly, 8¢, Ty, tp) = 0.573T

Bg(rl,rz,r3,r4,r5,Lm,gf,Tm,tp) :
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Bd(rl ,r2,r3,r4,r5,Lm,gf,Tm,tp) = Kd(rl ,r2,r3,r4,r5,Lm,gf,Tm,tp)-Hd(rl ,r2,r3,r4,r5,Lm,gf,Tm,tp)

Bd(rl ,r2,r3,r4,r5,Lm,gf,Tm,tp) =0.385T

Energy product of the magnet By(ry.12.13.14.15. Loy, 8. Ty tp) Hy (1. 13,1314, 75, Ly g6, Ty t) = 1341 10°Jm >
Find the flux density distribution in the beam tunnel
s 2-n-Tr
4-sin I0
B L g T t):= = "m Znme) g L .g. T .t
Z(r,z,rl,rz,r3,r4,r5, m &> Tm» p) = Z . e cos L g(rl,rz,r3,r4,r5, m’&f> tm’ p)
n 0] ——
Lm
Equation 19.55
Bz(r,z) = Bz(r,z,rl ,r2,r3,r4,r5,Lm,gf,Tm,tp) CHECK the magneto-motive force
, , , &f 3
Find the peak field on the axis —-Bg(r1 ,r2,r3,r4,r5,Lm,gf,Tm,tp) =1.027x 10™-A
Ho
3
Bpk(rl,r2,r3,r4,r5,Lm,gf,Tm,tp) = BZ(O,O,rl,r2,r3,r4,r5,Lm,gf,Tm,tp) Tm-Hd(rl,r2,r3,r4,r5,Lm,gf,Tm,tp) =1.027x 10" A
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Peak field as a function of the pole-piece outer radius with Peak field as a function of pole-piece thickness with all
all other dimensions fixed other dimensions fixed
Bok1(13) = Bpi(r1-12:73-14.75. L& T 1) Boyo(i) = B (T + 1) g T t
pk2(tp) = Bpi 1112513514015, 2+ (T + tp ) g6, Ty p]
B ;1(rz) =0.408 T
ok (13) Boko(tp) =0-408T

Plotting range

r3 := 6.3:mm, 6.4-mm.. 8.7-mm tp := 0.25-mm, 0.26-mm.. 2.0-mm
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Compare Figure 4 in Santra et al. Compare Figure 6 in Santra et al.
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