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Achieving low ripple, high efficiency, high reliability, and optimal
volume and weight are crucial in the power supply of traveling-
wave-tube amplifier (TWTA) lamps in satellites. This article focuses
on optimizing the efficiency and reliability of high-voltage DC/DC
electronic power converters for use in satellite and TWTA systems.
The optimization goal, using the multi-objective genetic algorithm
NSGA-II, is to minimize the objective function, encompassing both
efficiency and reliability. Reliability is assessed through a Markov
model, which considers short-circuit and open-circuit failures in
circuit switches and diodes, as well as short-circuit failures in
passive circuit elements. The optimization process begins with
defining the input variables for the algorithm. Sensitivity analysis is
utilized to eliminate parameters with low sensitivity whose
variations do not significantly impact the objective function.
Parameters for the NSGA-II algorithm, including the number of
iterations, population size, and probabilities of crossover and
mutation, are precisely determined to ensure accurate computation
of circuit variables. The results demonstrate that this method
achieves high reliability alongside high efficiency through the
optimal selection of circuit components, ensuring the converter's
effectiveness for application in satellite systems.
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Fig. 1. High voltage converter circuit used in the satellite.
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Table 1. The equations of high voltage failure rates of this paper.

Equation

Failure
rates

(1 - as)/lsb

2

4(1 — ay)As

s

(1 —ap)ip

zn

Ap + asdgpy + apAp + Agp
+ 4agls
+daplp + A
+ A + A7
+ 7AC out

s

Azs = App + (1 + ap)lp + Aep
+ 4dagl,
+ daplp + A
+ A + A7
+ 7/1(,' out

Azs = App + AshAsp
+ (1 + ap)p
+ Acp
+ 2+ ag)A
+ 2+ 2ap)Ap
+ A + Ags
+Ar + 72 out

Aas

Aas = App + aslsp
+ (1 + ap)lp
+ A
+ 2+ 2a5)A,
+ 2+ ap)Ap
+ A + Ags
+Ar + 72 our

R(t) = e/{11t + L(e”mt _ e]“zzt) +

/111_122

/113 (eﬂllt _623?}) n 214 (eﬂllt _eiut)

/111 - /133 211 - /144

Glp 2l )8 jlae s ekl cubld o5 cusly av g b

b eyl 5l eaomss )d s 08-S xSl sla Jowe (2L )

(%)

TWTA oy 3, b Vb olys 4is gie lizabl bl 5 ol ialjil

ekl Clls ¥ S5 5 (ooloit BsS ke Jdo 4y dagi by !
3905 oo duolee VY ), 3l

RO=Y R0 o

s lles &Yls JS 31a5'S 5 pli Sllas clls Jlaas] Pi(t) o8

A15

A14 A45

e Gilises 1] lizebsl bl 1,5 —F JSS
Fig. 2. The reliability graph of different parts of the circuit.

dobro ) awyle py8 4 clls glad dbilee &jgoas Pit)

V] 59 50
SN TOMING)
= [Pl(t)---P4+1 (t)]
Ay Ay s A A
0 4, 0 0 A %)
x| O 0 A 0 A
0 0 0 A, A
0 0 0 0 0|

Sl T Slboe b 5l Jae (3 250 (358 pusle »

35 omyile ol yhad il 3l o] s s g48g oaimd L &
don gox s usl (o ilo | sy o W ol £55 ggeme (ke
b o8 bl jho bl 2k o le (il S sy o 53 ol
lisebl bl g P(t0)= [10,0,0,0] sl clls ofsicds pllo

g Ol ) ©ygod;



o) e i 5 ez plogy

G P W2 g W1 (i 03,5 pewins b 05lga ¢ Lol lade 0
lizobo) B oy il & Al g A oty g MTTF (G5 o6
ol Sl (g il 2900 QBRI 5 ¢ (935 (Jase o]
el oy i Cusal il Baa b pute plST &S s
ol Ui go)lanlo sladilels jo Lo 3)50 4485 xuie 3,8 &S lodl
ol 2l Jae pledily & s 55V ool liebol L 1Y
Sl /¥ g 7 iy pled) 5 Gliebl bl (55 ol po dlis
Slgis b a8 oo Iy daldl Sloj 1 s 563N ¢ g lusdings gy dold] j> 50

S g 1y jlae die sl yiel)ly

Obtaining element
values from theory

v

Calculation of
efficiency and
reliability
Y
Sensitivity analysis of
the elements in the
equation

Minimization of the
objective function by
genetic algorithm

Extraction of
parameters

Are the parameter
alues appropriate

s Sl sildinge (Pl ©)lsld Y JSUS
Fig. 3. The algorithm design and optimization flowchart.
S U

Jaee )8 9 (uilS gl e plai ol el i S1 )y jolaieds
55 345 8 o ysuil s Cus DC S 55 g0 5 s

wlad (g)ld 5 pgle
Y Bylad VY By AF Y Ju/ ¥y

L Q)ﬁ—&,}”‘;ﬂl dl&d.\?‘o 5 (MTTF) L;gl)& OLQ)' u,i:lm Oly&
PIA] 9 oo ) 25 5 Cyguody oS 395 oo odlatanl 3 Uos oo ol

MTTF = j R(t)dt =
0

A A (11

T T T )
2 N S VRN S B
A'u_/qas /133 /111 %1_144 144 211

S Wiy o yoNI b Jowe (6 5Lwdinge

A il 1 Ayl ] ol 1 8 S 80| e o
5 308 ol 38 e ppudli ol § Clasetio )8 SlaslS dadg
ol gl (6) Luly (35 @ald pslaieds DC S 5y jlada
o3l )8 sl Jae (Ab (sl (ilisee sla gy Ve 3 42 51
Iy oliaab) Cubild g lossly 4S5l dgng (£3g0000 lisind Lol g oo
(st edllie ()3 28l 485 s )3 (S g, 3 (lajen sobosy
) ol el B 5 lasly (glotings b e o2l b e
5 Jhe adol b 5l sl o 02> i ¥ S ) oS D 0
T e (3, Shoe Slastio plo g e (glaloll Hlade dulxe
9 oS el e e oo siell Sy By sl ol
55 S S g eppnilys s Cuns DC S 5Ug dayls
2 B ogde bl Gluebl cobB g plodly 59 2 p9d 9 Jgl S
38 MTTE 5 flosl g QBesl VL cpules b (ol piell cules
als o 3wl dule JB (V) 5 (V)) ¥olas I onliwl b i oy
NSGA- 52)550 298 g0 03laiusl (g luinge gl S5 o5 4=,
& Slos Jool sl 0 Sk adin din auie e > gl 1
5 cblite sl Slos b (gjludine sboysie i (polol p NSGAII
s Jo gl yiahly @ly )3 sl (g s Cumor Sl g i
o)l 555 dnoloxa (sl i g bl Jlain] g Cmes 2lis5 S5
da 58 g uliSgul Hlade plal Jiwe (sl i Cunl pois HB ojlse
i S 9 DC S 55 pg 9 Jgl e Sizedg (i858

Wigd g Al 5 BIb @l ()5 WS L yoygiul s
OF = wy(MTTE, — MTTE) + wy(1—7) (1)

098 2, Ses el 50 yloj oo MTTFy jlade VO alayly )

MTTFC 5 col osis Glsasl caeluw Frver & canl Jao oI5
P oo Al w0 )oSl ST o 53 &5 S (e 3Shes ke
ror S o yolatods (i3 (pl &S Jise (2351 (V0) b, pgd Caond



lad (5 )9lé 5 pole
fo /\s,u AY Byg0 VEY L

ol el 1y laeb! clbll e AL O sla S
60590 sl yial )l (gl o o opl s o i Jae calise
yosginal ;i s 3 (P) 2 9 (1) 55 405 S 5 (D)
O el bayloges cpl closd puoy sl oo v v loj o (slys (N)
S wlS )8 (gl ke lgicdy Wloads oy b ya g3 Calisee Hlade
We g W Ve &r c A Gl gy sl oged JppelS Ver 5
O 8 ¢ yoygundl i a5 S ¢ (295 (8 Ll b luebol ol
23k g lueb] Cubld ol 23Y aSlodl 1 g b o i8S g (o)
ool Cundds s yiol )by 0s dingy yolio Ol 0,5 g ddlias S
45 @5 o bl o ¥ Jgdo 5 odal Cawdey polie plys w63l 5l
Sy B (2o OIF 5 ) 090 Cul et AL D la S
S5 o lisebol B 5 Slos s 1,

005 dingy (sl il lade =Y Jgan

Table 2. The values of optimized parameters.

Parameter Sign Amount
Input voltage Vin 26-44 V
Indicator Boost Lb 140 pH
Boost output
voltage Vb S0V
Boost frequency
switching fs 115 kHz
Capacitor voltage
Boost converter Co 95 Wk
Full Bridge
frequency fs 90 kHz
switching
Indicator
resonance Ls 46 pH
converter
Input voltage Lm 900 puH
Series capacitor
resonant Cs 67 nF
converter
Parallel capacitor
resonance Cp 10 nF
converter
.| N1, Nz ns N4 ns, | 18,38/9, 10, 14/9,
Transformer ratio N6, N7 32/1, 16/2. 313
Output filter Cn, Cr2, Cr3, Cr 95 nF
capacitor Css, Crs, Ct7
Vea, Ves, Ve, 880, 2780, 3270,
Output voltage Ve1, Vao,VHix, | 4000, 5570, 6260,
Va1 6420 V
3m,7m,16 m,
Output load lca, Ics, Iez, let, | 15m , 25y, 3m,
currents lao, IHix, a1 48pA
Output power Pout 150 W
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Fig. 4. Radar display of sensitivity analysis for the components
of the objective function (efficiency and reliability).
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Fig. 5. The reliability curves of different duty cycles.
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