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1.0.

2.0

Some Notes on the Analysis of the Pulse Power Supply Performance,

Summarz

These notes describe the preliminary analysis of the pulse power

- supply for the accelerator guide-field magnets and form the basis

from which an analogue computer study will be made to confirm the
pulse-circuit operating characteristics and:—

(a) Optimise the frequencies Wg 5 Wp and hence the
2
circuit component ratlngs for minimum magnet network
disturbance

(b) Determine the effect of non-linearity in Lg and Lg
and the inhérent voltage harmonics in the rectlfled source

voltage Vg .
{c) Investigate transient fault conditions:-
(1)  Pailure of ignition to conduct
(ii) PFailure of ignition to extinguish
.(iii) Advance and retarding of ignitron
‘ ' firing signal . .
(iv) Capacitor fault.

Required conditions of operation

It is required that the excitation of the guide-field magnets
shall have a constant frequency and amplitude, for a given accelerator
energy level, during an operation period of some hours.

Since the resonant magnet I~C network is designed to maintain
its natural frequency within extremely close limits and indppendant
of temperature changes in capacitor dielectric, stability of frequency
can be achieved by supplying the network AC losses in time-phase with
the magnet excitation cycle. BSimilarly, apart from the bias-—current.
which is supplied and controlled independantly, the required accuracy
of magnet excitation amplitude will be. achieved if the supply of AL
power. to the network equals the cyclic AC loss povers

Provision of this loss-power to the network by continuous
excitation from an external source (i.e. motor-alternator set) would
require an elaborate speed control system in order to avoid force-
resongting the magnet network during the random "mains" frequency
variations.,

The preferred method is to isolate the resqkant -network from the

"mains" and supply the .cyclic AC losses as an impulsé. This impulse

of energy is applied during the descending portion of the magnet current
waveform and the disturbance introduced must be completely attenuated
before the next particle accelprating period (rising portion of the
magnet current waveform). .

1See EL/S—1 "Speclfloatlon of scale-model energy storage choke" for
a full descrlptlon of the resonant magnet network.,




Thls pulse-power. supply comprises an energy storage capacitor,
an associated charging circuit and a pulse discharge circuit
trlggered from the resonant magnet network.

The derivation of the appropriate equations and boundary con-
ditions will now be described, based on a piece-wige linear analysis
in which’ no-saturation ocours. :

3.0 Analysis
The guide-field magnets are excited with a fully biased
sinusoidgl‘waveform to give a magnet current of the form:=—

= I‘D{, - -l-ﬂb)a-m wﬂ't
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* frequency
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The magnet voltage is written as:-
Uam = V'w\ cos Wo b

and the choke current is given by:-

. !
Leh = Too + Tac Mawy,b

-

wheTe TA'o = 051,

. since Lk is chosen to equal 2 Llam

3.1 Assumptlons

(2) The primary and secondary windings of the energy storage choke
L., are closely coupled and the leakage inductance is negligible, -

(b) The circuit resistances are negligible except in the magnhet net-
work which is considered to have an ohmic loss, in shunt, equal
10 a magnet network Q of 100. :

(c) The pulse current causes no disturbance in the ﬁagnet network.,

(a) The half-cycle discharge of pulse current is sinusoidal and .
timed +o occur symmetrically about the positive peak of the
magnet voltage.

(e) The DC bias current is constant.

- (f) The*energy storage choke turns ratio is unitys,

(g) The supply voltage Vs is conztant and contains no harmonics.

(h) The magnet voltiage \J,, is constant during the current pulses




3.2 Bounda‘ry Gondltlons K

Py iy

Consider the pulse circnit shown in fig. 2. It is assumed that
the half-cycle of pulse current Lp occurs symmetrically around the
peak of \JTom . Hence, since this voltage referred to the choke
primary is in opposition to that developed across Cf at the peak of
the charge then for full discharge of capacitor Cg¢ (economically
necessary), Vg must equal 2 Vi,

Thig could be achieved by making V5= 2 Vi,

However, this would lead to an excessive BMS/peak ratio of
current Lg o, henece a larger charging unit.. More important, firing
of the ignitron would effectively short—circuit the supply,
drastically distorting and lengthening the current pulse Ly resul t—
ing, for certain values of L, in failure: of igmitron %o extinguish.,

ﬁ-t
: Consequently some degree of decoupling between charge and
discharge circuits must bé achieved by the insertion of a filter

inductance LF'
4 -1
L Vs /D Ve 7 ¢¢
v 7

Now : LF %{ + _(-cg: = Vs - l l ()

also QF= le.t — | ()

. . IS .

Giving a solution of the forms:—

6‘- = Vg + Ain h)Ft -+ B &‘;‘;‘.:QFE (’4')

where - 1

Wi =
v J LgCp

su'bétitufing for U
i'l’-' = - ﬂuFCF /um w‘:lf' -+ ‘B“)F'CF [P \‘)Ft _(5)
Assﬁme tha:t the boundary conditions:ares-
Lg=o0 , Vg=o & beo
Hence fi=-Vg and B= 0o
Therefore Ui = \/S [\ -t u)Flf—J

=3




Physical argtment. Now V= 2V (' e. = 2\(-...) is the required
voltage condition for complete discharge of Cg when opposed; at the
. instant of discharge, by voltage Uwm. However, the above
equations are not a solu'I:J.on for cyclic operation 31nce although
for the first charge cycle (g=© at t=o and t=S3¢z, Leg# o
during the pulse and hence the succeeding charging cycle commences
with a finite value of (g

Cons.equéntly, for true cyclic conditions ‘;F magt have the
game value at the commencement of each succeeding charging cycle
and must a,lso ha.ve identical values at the end of each charging
cycle. '

Therefore,, leti-.

-‘:Fo = the initialijralue of filter circuit’'current at the
commgncement of the charging period,

Cg = the value of filter current during the charging
. penodg

LF = the final value of filter current at the end of
the charging period,

and le,f us define the boundary conditions for the complete circuit
as :

vp

A [,

T 4
L.y LiL
ﬁ af “ Fa+""f'
‘ —
VF = QVS ﬁl- t = -'}':F [ ’f-‘ﬁ J._;F (3001)
Vg = O v = }4’? . (BC.2)
;'P = 0 " n.—_- -)(‘f[' ' (3003)
g = :'Fo a no= l/"fF (BCetl)
io- ’ ™ o = - - \ L
}fa = %E‘;_ cycli,c- period of accelerator
we = : angular frequency of filt.ef circuit

angular frequency of pulse circuit

. | | - }_)
cyclic period of the pulse discharge (-— Ee
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3.3 " Charging Period if' \<t é AT

Bquations (4) and (5) give the general solution form of ¢
and ":’F t—

Sg= Vs Acnwet + B aw wet ——— (P
L -  - Wele A anwet + wWeleB e wet — . {)

where A and B are constants

From (BC.4)
LFB-'-.- —u)FCFAAAMW“>F+ WFCFgwrv)F | (‘)
where ' g 2 |
1) = (19
&7 2w
FProm (Bc.z)i
Vs+ﬂw_F+ B i e — 7)
Zw S

Solwe (6) a.nd. (7) for A and B

| 2“" 2w 21.)
T'herefore
J .
ot B= L6 cor TWF . Y i flF

Ce wp 2w 2w
Substitute:in (7) | "

Ao TWF = =V = LF  con TWF pol, TWF 4 Voadd fue
i CF"’F 2w 2w 2w

Thérefore

A= _szﬂ'wﬁ Lfs . flwr

2w CEwF 2w

Substituting for A and B in equation (4) we obtaini—

Te = Ve — oo l:[ o TEF, LE pon W el ies e
F-'s FE Vs ""-+¢F'-"FM“.2w + g Cr-'wpmf V‘Mzw

- (DF {h)f ﬂl‘.. > . fuoF .
--Vg \'g [watkp """‘““’Frﬂm 2o +C;EI:F [anptmi:-‘: «-mw‘:l’mg_:’f"]

Op = Ve [1- coloort =) |+ 22 ni (ot — 2206 —(s)

Using equation (3) and differentiating:-

Le = Ve cprop oo (W€ = TF ) 4 ip, oo (gl — ¢ ) @)

Wo know from (BC.1). that Vg= 2Vs when b= )F."’ = %. f‘w

If we substitute this into equation (8), it enables us to calculate "‘F

(I . T
2= - oo (B RSl e i [ioe () -

)= —V 2Wwr _ ‘EF)+,L¢ 0 llfu)F fWe
Vs S‘—v’( o o CF"\-’FM -

-5




Therefore

g, = Vs Ce e (14 cool)
i A oL

where L = 2fMwg _ Awe
Wa w
Y- S :Z¢4’a'e%£ = 2
Giving

- = ©f 2 —
“F VSCFQFC'&"%(M g

¢

We now write LF in alternative form by substituting equation (10)
in %%Sl 3~ ‘

wea, w
fwf . QwF 4 fwF
= VSCFchM(wFt'\ZE e ¥ e/
_ . . 2WF
o (2 -2
Therefore
. . TWF
pow T (20 - ¢ ‘
) AL W W

3.4 Pulsing circuit

|
R TR

We will now consider the circuit characteristiocs during the
discharge of Cg.

The ignitron switch conducts at t = =Jgp
and ceases to cvonduct when the current pulse LP

Teaches 2zero.
Le Le
- L0050 ROOM
ol U CF Se Lf Energy storage choke primary
Y, F ¢ ”z
Lo

v ¢

The fundamental differential equations of the circuit are:-

_LF ‘%‘—}F = Vs - Ve

(iz)

Lo &p o V-V "('3)”.
. yT% .

‘:f - L,F—-CF‘%‘%F

(v)
—6-




We eliminate f.p and tg and obtain a differential equation in Ufg :

Substitute from equation (14) into (13):

Substitute for 0_‘,5{ from equation (12):

e [—"ﬁi’f - C¢ ‘E’f] = Ve -V

. Le A
- Therefore .
: L - L
LpCF‘%—ka +(|+ EDJF = (l+zi:_)\/s
T A (e ) = (e )
A Lge LF s
since,‘“ w‘} !
Ls €
Putting
" L
woe we (V4 Ii_)
te 1 *
A_‘_'_fi 4+ w \’;_- = W VS
so Ve= Vg + Aeor wb + Baunwl

9

where A and 3 are arbitrary constants.

Integrating equation (13):

(L)

Loip = € + %n&.wl‘ﬂ%mwl' '

Integrating equation (14):

where €, and C; are arbitrary constants

Since, in solving equations (12) - (14), equation (14) was
differentiated, it is possible that <&y and €, are related. So we will
now substitute equations (17) and (18) back into equation {(14) and
check .,

. . ¢ . l 1 L 4l
cien 59+ Bl o) oot ) -

We require tﬁis to0 be equal to*=

: "CF.'\_".S-F=‘CF|0:‘\MNL'-=-CF&.\R¢@»L’
Compare coefficients in (19) and (20)

. - e s - L
Coefficient of amm W& in (19) = %Lf (H- :PF)




. | | - %
Goefficient of Mmwl in (20) = %Lp (%5-): %LP(H';(

Similarly ccefficienis of ¢ wX¥ are equal,

For the constant terms to be egual, we must have:-

Le

)

using (15)

S _ €2 in (19)
Le Lf

Hence the most general possible solutions are:-

t'.,.f'= 'cf‘ﬁ +LJ;W (ﬂﬁﬁ‘v\\dk— @r.mut')

P R (A@.._\L‘—Rowul’)
Le Lew

Oe = Vo + Aot + B ava w¥

where €, 3 A and (3 are to be determined from the boundary conditions.

From (BC.1). VF= 2\’5 at b= "%F
= -1:;”
S0
B= ""Vs

(227
(23)

(¢)

Using (BC.4)

‘= & - A
> Le Lgw

and Cf:_-._o at the beginning of the pulse (BC.3), so:-

bt)

w— —

: Lf LP"‘)

therefore, solving (26) and (27) for A and C,

: (J-....L
Fo ™ WillLe Ly

Hemoe f = i w [({." (l_%ﬁ)]-l

i.e.

A= ':Fo wle

: (\-%2)

From equation (27) and substituting for ﬂ given in (28)

Lo Lo

(7)

()

C.\'-.-.. w‘-'. L
(.l--_z‘;)

-8-




el

Thus,
are:-

SR

the solutions for Lp, Y'F and 15;: over the time _fir'w \<L‘$

G)

l:e'= ——‘:ﬁ_(\-l'm;\wk)-l- __Vs thh)k
‘ | - .I'—'-P qu)
Le
Le= ~£2 l--Efm;.uk)— Vs b
- Lf Le LF w d
Le

S » Vs (1= alisk) + LEW IRy

(1—£)

Comments

The following comments need to be made regarding the analysis

so far:—

(a)

(b)

From equation (9):

LF = VSCF“’F"“;‘A"'C’F.) ‘-ﬂd

= -1

;t" ta «f o ;
where az._. 2TWE _ OF
s )
Substitute for l‘.Fa from equation (10)

ve | =V5CFwF(A~:\J+41Q’%%d)

ek -k R

" W :VSCF““F“P% = Y“¢

Thua from section 3.3 we expect CF -'-'l:-F, at both ends of
the charging period, and so also at both ends of the pulse period.
However, the solutions of section 3.4 indicate that:-

(=i (\_+f~£)

1- Lp
L :
at the beginning of the pulse (i.e. end of charging sequence ). But
since L (L | s the discrepancy is small.
At t = '4P :
Cl°=' 2c¢. from equation (30)

-t
I~ "7

and we should expect it to be zero (end of pulse). We note

however that the dominant termi: of equation (30) is the last one,

and although this is zero at &= +Mp, it is negative for
|_->'4F and so (p, is probab‘ﬁy zero fractionally later.

-9 -

(31)

(32)




.35

{(¢) Note that since the current Le is not ZeT6 . guring- the pulse
period then this component ' of. LF eontributes to the supply
of AC loss power- (f’a‘_) to the . resonant magret network.,
Consequently, the.magiet network emergy. loss, 2} Pac in
joules/eycle,- 1s equal to-the sum.-of the. eapa.cltor
stored energy, i- CI“ Vr-‘ Pplus

: []
% P A 3
? . . N W
% Vs [ e dr + t—f_'w’] 2
| % et

Péa.k, a:viarqg_e‘i and BMS values of f-_f .and Yg

We will now derive the- peak, average and BEMS values of the
guantities t.,p and ‘-F y and, in order to simplify these derivations
we Wwill use the approxzimation

u)to A w

This is justified since L g is much greater than Lp for. the
range of Q:chult parameters that will. be used and hence equﬁlon (15).

L

1
w" = Wy (H' ,_,F):ténds, ta W =Wy

o (it} =1

LF

3:5.1 Peak vé.lqe .of current ‘:-(’

Using the above approximation then eguation (30) gives:=

(f = Lﬁ, (I-t- mwpl) +Lf‘ﬂ-’p

co Wl - . (3oa)

We note that from equation. (10)

L, sC—F\-’u‘-“"x R

where 4 /2w _ w ' | |
B=3( W~ T (3)
hence .. _ Vs L«‘, (‘ ' ' . (?N)
- . ""Fo — LF wf: -
Therefore, using w;' = LT\;ZF
& edV (\+ mw‘ok) + 5 L oW t
‘LP L;Wf {3 Le I.Jf £

4

2
and using Lpwp = lpwg

bo= Ve | obg (\+mﬁ?k) + ”PL} (33)

Lewg

=10~




fhe-peakk value of Lp is reached when %—:_P = &

e B wp e wipl — “—"—)-fﬂkwpk’-:-o

we
ine. - ‘ —l
. t=4 b ¢

gy le2s Whensz—

where 95 = WE Lt @
we

Substitute back into equation (35):-
A

Lp = LFUF[J’({(!-{-M.M'#)-I-]%;M D&:'{d]
el
Therefore l

A Vs [ ¢ g
e [HPO ) S |
now ¢=%‘:“gfp;'+¢z= """;T:‘J}ﬁ an
0 N _ v [(.J’ Fe ‘
Lg = =2 Wf ‘-E s wp__\
‘ e ’364-“’(”3""“‘)1 +;‘-F (u_uze"w‘ﬁ)%
I-).o"

Hence:~

A : > |
Lﬁ%e[dﬁj%“w ] (3)

3.5.2 Average value of current Lp

We define the average to be:-

2wp
LPas) = "l’»’/}’:‘i
1
T

Now 2—%’)4. is the cycle time of the accelerator, but the
integral is taken over the pulse time ? since Lp
is zero during the charging of period of c¢. :

So, using equation (35) in section 3.5.1, we can write ‘:f’ asi-

- J ¢ . L W 36‘
L‘) = — , ——I | W : ¢ ( )

—i1-




[[w"ﬁ(l-t—mqk)wf_’fwwfq— M, wa

T
- Ty
o b oot
e,
cwe Ve [Jig @aa
e Y
Pherefore
SV wa e
“Pls) - L—;ST:-\F[% wp f-«"ﬁ‘i' ™ _‘*-’F]? (37)
34543 ‘ans,,vam of ourrent Lp_
- We defiriéf'—"th'éeBMSjvg_lue to be
I Wa | -2
o = [ 5[]
'Us:l.ng equation (35)
i I [as(u+zmuw+«~wrv)]+5’ wx+2°-"re('+-wr*')>” “’"‘I'l-}

2w G- |

. ' - - - 2 M;A N .
T e

| L;=' ( L‘__ué) g&(:[\+2mwrl'+ t('- szfk)]

-|-2u\f?(wu-$+r.%1‘->fl")g+ (t-ew‘!urt'}




We require [‘;'M—; , and only the first, second and fourth

contribute to the integral, therefore:-

X,

L
: L
terms ingideé { .S

i

L] L l g
: wa [V 3 Mgl ot Y W 2 fas b |
Leipo = | 7r ~or) [ﬁ“"f’l 15 b B tefac oy

we
&
iy
= Vs [e.e(%df"p.% Lo pwreakp |

N 1
Co 2 N [ 3meckpal ey e g |t
Lt (o) = T [,‘mfd.p”_wﬁﬁw |G

'3:5.4 Peak value of current LE

The expressions for Lf during the charging and pulse
periods are given in equations (11) and (31). Making the
same approximations as used in sections 3.541 = 3.5.3, ise.

Wwawp , 1+ 'i-i = 13 we may rewrite (11) and (31) as:-

. P ()
Lo Vs o (rogt - L) (1)
Lewe A B
! - L _4
for ‘;Ff \'<l \< [ b
and

o= e =N c
L’F LF’o LFI.-Jf Cenr LJ{

(3 la)

for -}*(. Lk £ %p

substituting for CF- (equation 34) in equation (31a) gives

B

During charging

using equation (11a):—

A SV 0 [m( ‘- n'ue)]
% — wF ——
L.F(&...ax) Lewg acaf .'*-"* MAX.
V. \
=V .
Lews oS ' . (?ﬁ)




.,
Ay
%

Dyri ng__the pulse

using equation (31b):i-

% _\’Ll ['—A’F" qu\,k]

YE (Rl Lewr MAX
Vs [ g 4 WF
the maximum occuriing at wel = =™ ., Now this

is outside the range of the pulse, and we can therefore
conclude that the peak during the pulse is less than
this. Consequently since equation (40) is less than

equation (39), then (39) gives the peak value requlred.,
lne. C el

A - \’s 1

Y€ Levp wa B

where fS-.: %(L:;E -~ YFY  from

we equation (33)
3.5.5 Average value of current ;-F
Fen = o | el
s e _f
Tdp Wa g
= Wa . .
20 "'Fu.&“)lk“' ‘-’F(Q ),U'.
-&f : ,-%:.lf
Using equation (31b)
1T
{Dp \} E 1p
. S -o b W
'wf ey

Using equation (11a) .
L R 1 X .

Wa Tup Ve
C’F ( % ) . = \ls ! . At 'UFL"" rr,_"‘.'_‘F)
Lewe | We aan @ wh
w <
T wp _ wf

(24)

(41)




at the upper limit: wgk —~ MXF = CWF _ Wf
Wa We Twp

¢
-

at the lower limit: wek— «af

% _ @
Wa Loy
80 N \ Vs .
F »-.:- -2'\&14;
u ‘ .
=

2Vs

Lg We*

Substituting back to CF(“) from equations (41) and (42)

27  Lews Wt W

“'F(u)"' ‘_"?:‘.. \lS [—Eetd}p—w+3‘l

Therefore ;-

3.5.6 RMS value of current LfF

W

USP Wa Ay
‘. — |:)_q_ Ve . , T .
Le (ﬂﬂ-') - 29" LF(N‘) » + A Ly C ié )M
Y i

e Tip

Using equation (31b)

v v >
= () [c&"ﬁég—}—%"ﬁ-ﬁwﬂf’“%ﬁ“’2'-’:*]
A '

)




Therefore
yr{ur
‘e * 1 = « .
Le, B = i‘“‘»[“k P+{'ﬂ",\:’-—2u" Y a gk A9 L2k
Voo [ 5 Xp, EWF _yekp OF i
= Vs - —
:‘:‘—JF" [ L {§_|.. 2 l-.lf‘ o F th ] 1,-'#()
Using equation (11a)
L V ke W
Lte (M) = —"'é—" N v Lﬂ_ft'—;S)
LF UF ~ 1
Pan
T
= Y [ Gue 2
Le we 9'}_ M B
Therefore
of G
Wa g T
Vs | & o
- 2
LF .»- = s . ! N * _Lfﬁdf‘)
(dcy) 2L W [M:.‘-g Zusg ~m (st e
1%
TWp iy

at the upper limit:

2wl — WOWE - Ytwe_ wue _ ulwe
W Woo Twp wa
= 2R W
= 2
at the lower limit: = ﬂ.ﬁJ_f" _ 'Llﬁdf
U‘o Wa
= -—-2(§
g0
2 _ e
Wa 1Wp
P v N _ 1T
C - N _ I .
F(M) ‘u - v: “ & - | ! -n-h:-p
< ZLewg |  autp Wewnf
2.1.1‘)
_ Ve © L LE |
So | L («s)




Therefore, adding the integrals together (equations 44 and 45) 3=

-

: _ e Vs][ﬁ«k" T _ ok - =
YE (o) = m[r;:,F g O Shm TR S+ E;‘za,,)

— i
Lewe e "‘-’f"" T wp* 1 "ﬁ
L Ws L we %
¥ Wealsp | 2 W f
e Hence -
. - V. b L1 Wa 1w St LW 2wk
LF (gns) = ITESBF ;“Tﬁ("i'ﬁ .‘Sp)+1. rs‘,c«? F-{-(“. O r—-‘:_:,;';i"') :J’F

4+ Walde
¢ e ] —— (1)

3s547 Comment

On the basis of energy conservation tp (&%)  should
equal Uf (su5) -« However equations (37) and (43) show that

¢ L by the terms -~ Vs Wawe _
Fles) F Lp(en) y ok Wf-’yg-fp‘“ﬁﬁz

The discrepancy probably results from the approxzimation

1+ 5o
LF :

3.6 Circuit voltages
The voltages developed across the circuit components during the -
charging and pulse periods will now be congidered, using the
approximations detailed in section 3.5,

-17-




3.6.1 GCapacitor CF

The capacitor voltage UF  is given by

J = w‘ = L l: Ak
e el
During the charging period Xk, Lk .\< ’% "J‘;ﬁ,
and using equation (11) for (g we obtain:—
o

Sele) = T:LF | Vs Ce we _con (et - )¢

———

m%(tu _9_;)

Wa W
g
t
= L Mfewp | L (k- e
CF A ¢ To.
£
e

o Mswe | L TR N
= [""F (upk ﬂ‘_ai)-»u‘: fz]

At 3

&)

puna (gl = TF
J(_-.—_ \/s [_‘ -+ (L:‘MﬁM)

and during the discharge period —'{m, \< (o é %‘,‘pf
(i.e. pulse period) S is given by equation (32)

\SF = Vs(\— A-b:nk\fk) 4= L(,waFu Cen 'l.a)f(’

3.6.2 Pilter choke L

The filter choke voltage J"F ig given by:—
Le :‘!_“'F

' i i \
DPuring the charging period, b \< e £ TG
using equation (11) for (g Wwe oblaini-

o (e~ ) 1

()

Sie = LF'j'\jf Vs Ce g

-,

6

= "'\/s Atan (‘*’FL'- 'r\%\fa.)

¢

= A
where LF ‘CF"J(—!'

~18—
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and during the pulse period, 4ﬂ} UG , and
using equation (31) this voltage isi-

JL == LF 4 - yi 'C—nwfl-:‘\

(since | -!-;t’m;wpk is small)
e

‘JL = \}s m.:utdr\'

s (#9)
3.6.3 Pulse Choke Lp
The pulse choke voltage 01., is given by:-
L dep
1%
therefore during the pulse period, "{L’Ff \<L" é %ﬂ:. we . have :"‘__’..
Vip = b )AI'[LF°(‘+“:‘”"{:) + Y ““f;j
Lpwy
Oip = Lf, cowpl ~ Vs man wpl? (52)
Lewyp p

3.6.4 Ignitron
The voltage developed across the ignitron during the
charging period L_\ - is given by:-—
ging P oo S€ Sty 108 ¥
J%: SF -Jw-

using equation (47) and noting that Som = Vam c.mu.\;..k ~&nd

b

Vo = Vs we obiain -

2

Se - 5. -\/' megk-%g) Wl
Oty = VF~Ow = Vs V4 — o Wil |} ——51)

e 3

During the pulse period the voltage 153.3 equals the
ignitron arc-drop voltage.

3.6.5 Average primary voltage during pulse period

‘The' energy storage choke secondary voltage \/-m referred
to the primary isi-

JM:=E E" V‘W\mwﬂvk-

A%

where .'.‘)_' - primary/secondar;y turns ratio.
N2 ‘ ‘
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HM,&M@-S.\:&S\% M—\w:nu&'m;{,;,
-
| /g

Sweg= | V2 R Vo ok

L

—?-%r
«
! N \) l . \’ {w‘v
- (78 ’_‘ ’-MMU)
-‘l‘-l-'f &' N " Wa €
1T

Ty

6.:,. = E,‘i‘ 9—&-2)’4;&)_4

["‘J Ny we it . | 2up

3,7 Pulse power supply values

e B IYELY parameters are dependant on the values
chosen for wp and Wp and these frequencies will De
optimised, by an analogue computer study on the basis of :=

(2) minimum introduced disturbance to the magnet network
during normal operation,

(b) econcmic circuit component ratings,

(¢) acceptable transient fault values.

However, as an indication of the general current and
voltage relationships in the pulse power supply circuit
und=sr normal operating conditions, the following values
are tabulated (assuming unity turns ratio on the energy
storage choke) for:-

Wa = 2150 radians/second
Lo E = wa,
o

We = 3Wa = 1Z2wW¢

LE ) = % eﬂ‘ neglecting pulse power supply

VS losses

&no ‘:F.(M-) = |~u‘ﬁ\/g from equation (43)

A} . . 1
Le, = 1-353 Vs = 0-%7 {¢ o from equation (10)

LeWwe
PN ,
Leg = Lbus Vs = i from equation {39)
t"F(ﬂ’ns) = ‘.i".f_!‘ = 1'07-?&;@;) from equation (46)

LeWwe
=20=-




Lf(u) = 1-49; Vs -+ PGy from equation (37)

Lewp
2 .
Lp = 13.373 Vs _ %93 e from equation (36)
. | £ .
“lran = 3ab Vo _ 2.by CF(H) zon equation (38)
Lewe

We ‘:'F(u)
{
C s ——
¢ LFUJ(:
Lp = ——.
s . Cf Wwe

Jm(”) = 0-G {t,’(\ﬁ- ﬁ_; UM) during pulse, from equation (52)
N

N.b. The above values compare closely with those given in Cambridge
Blectron Accelerator report CEA-68.

oetToBER 19 6.

—21-




BN P Lwenuns T HOVATOA ]

w m = I.U 3 ToLLBY MMPU(&AQEU%% R
7e V. I
-

‘Yol oag LInDYW  FIDMME - LIOSWD aNA IS R

W= Yo] Al V] =3VWT
3O S VT + O] = YOV
Mdg.?ﬁ@ U@H QUQH HE.M\

1 —Le "

bt |

S| ‘o ”

2 3 63 =

_ _ i

= | Yo | FAoHs |

- i

! | oYY §
wey—— A 43 ) oo v .L{\

B ovr !

] v ' w

” §

t

Wy W Py, !

SAE > —

L)



"WISEBAVM Linogho F >Jn.n_3m I3Mod 3Isind - Hod

e L1231 D ﬁm_u-...-_g_law — .&I.a...&ﬁ.m JIMYY 3ISINY —>
[ .

T Jsve

4] 24| ~

g

, LIt Dy
A%,

& oL

“1

UQH



