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Abstract. In the paper approximate calculation algorithm for single phase rectifier with C filter is described. The
offered algorithm contains formulas which allow determining capacitor current, total power factor as well as
capacitor rated ripple current and equivalent series resistance without referring to datasheet. Although the
formulas used in this algorithm are based on simplified mathematical models, there are influential circuit
parameters observed such as transformer leakage inductive reactance, diode slope resistance and diode
commutation interval. The algorithm corresponds to the analyzer style. It means that there are completely given
single phase transformer, diodes, capacitor battery parameters and load resistance, and the analyzer finds out
voltages, currents and powers. The algorithm contains only evaluated formulas so there is no need for advanced
mathematics operations. It is tested on MS Excel. Calculation in Excel is not fully automated: there are two
manually operable cells for leading the iteration process to its convergence.
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Introduction

The authors of the paper had a target to discover a full and easy-to-use analyzing algorithm for a
single phase bridge rectifier with a capacitor filter. As readily available calculation tool software
MS Excel was chosen. So, the formulas in the algorithm had to answer to Excel functionality. It means
that the formulas must not contain advanced mathematical operations. As a base for the new
development a simple algorithm from the reference was taken [1].

Reference analysis

One of the key formulas which were taken from the reference [1] is formula (12) in its modified
form — peak value of secondary winding current. The second formula in its modified form is (15) —
conduction interval of secondary current. The third formula in its modified form is (16) — average
output voltage. Formulas (11), (13), (36), (38) are taken from the reference [2]. Formula (31) is
common in several capacitor manufacturer datasheets.

Structure of the algorithm

The introduced formulas are (5), (19), (20), (24), (27), (28), (33), (48). The rest of the formulas
are basic electrical engineering formulas. In the formula evaluating process online calculation tool
Wolphram Alpha was used. As a circuit simulator SSPICE was used.

Due to the algorithm complexity there is a necessity for the iterative process. Since software
EXCEL cannot automatically calculate such a problem without specially programmed macros, there
must be break points introduced to avoid “Circular Reference” error. In EXCEL spreadsheet values
from formulas (13) and (17) are manually operated to get the iteration process to its convergence.
Consequently the algorithm is semi-automatic, however, it can be supplemented with specially
programmed macros which allow obtaining fully automated operation.

The input values are presented as the following physics exercise. The given single phase
transformer connected to f = 50 Hz AC grid. No load voltage at the secondary winding is equal to
Vo = 25V, short circuit resistance Ry = 0.26 €2, short circuit reactance Xt = 0.23 Q. Also the given
single phase bridge rectifier with one diode threshold voltage V1o = 0,78V and slope resistance
rr=0.055 Q. At the rectifier output a capacitor battery is connected which contains Ncp = 1 capacitors
in parallel and Ncs = 1 capacitors in series. Each capacitor capacitance C = 16500 pF and rated voltage
Ver = 50 V. Load resistance Rj,q = 5.91 Q. All formulas operate correctly with SI units.

Formula series which form the mentioned algorithm follow here.
AC grid oscillation period T:
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1
T=—. (D)
f
Total resistance of transformer and diode Rs:
R, =R, +r,. )

Total impedance of transformer and diode Zs:

Z, =|R; + X7 . 3)

Equivalent capacitance of capacitor battery Ceyy:

N
C, =C. - @)

CS

Equivalent series resistance of single capacitor ESR:

ESR = 0.02 5)
Ver
Equivalent series resistance of capacitor battery ESR.y.:
ESR,,, = ESR h (6)
cp
Capacitive reactance of capacitor battery Xc:
Xe=ob ™)
2r-f-C
Total resistance in circuit Ryc:
R, =R, +ESR,,, . ®)

Total impedance in circuit Zsc:

Zo =R+ X3 . 9)

No load peak voltage of secondary winding Vp:

Vak = \/E'Vzo . (10)
Commutation interval Top:
T I -7
Lo =—-arccos[1—uJ : (11)
2z 20P

where [; —load current.

Peak value of secondary winding current lppg:

Ly = Yo : (12)
\/2'\/Rzzc + (XT - XC)2 'Rload
Peak forward voltage on single rectifier diode Vg:
Vi = Vg + Lok "Ry (13)
No load voltage on capacitor battery Vyo:
Vo =Vapxk =2 Vg (14)
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Conduction interval of secondary current T¢:

Z T
T, L e T (15)
2 2 ’ Rload
Average output voltage at load Vyavg:
Z
Vg =V | 1— |, (16)
dAVG do [ 2R, ]
Load current /;:
\%
[, =& (17)
Rload
Conduction angle of secondary current Oc:
T
Oy =27 (18)
Short circuit peak current Ipspk (:
1
Lygex Y (19)
1-sin d
2
Output voltage increasing angle Gcy:
| . (76 I
Oy =7 —2- arcsm[sm( o j +—1 } : (20)
2 Thspx
Output voltage increasing interval Tcy:
T
Tey =0y —- 21
2
Output voltage decreasing interval Tpy:
T
Too =5~ Teo: (22)
Output voltage ripple swing AVy:
1T
AV, =420 (23)
Cekv
Output voltage minimum Vi,
3 T
Vi =Viwe —AV, | === . (24)
dmin dAVG d ( 4T j
Maximum output voltage Vymax:
Vdmax = Vdmin + A‘/d : (25)
Output voltage relative ripple AVyq:
AV
AV, = ” 4.100% . (26)

Secondary RMS current lrys:
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1 . . 0
Lopns = \/g [QCI (31225PK + 40 o Lopg + 2122PK )+ IZZSPK sin O + 81 g (IQPK — I gpx )Sm %} (27)

Secondary average current Irayg:

1 . 0
Ly = ;|:0CI (Isz —Lyep )+ 21 )gp SIN %} . (28)

Secondary RMS current in diode Iyprwms:

Lyprus = \/5

Secondary average current in diode Iypavc:

Iypave = IZAi' (30)
2
Single capacitor leakage current /; gax:
Ipag =0.03-C -V . (31)
Capacitor battery leakage current /; paks:
Iigaks = Nep *Lipax - (32)
Capacitor rated ripple current Igppyg:
Loppp =20.3-C*7 V3. (33)

Capacitor battery RMS current Icgyss:
2 2
Tegmss = Larms — 14 - (34)

Power losses in transformer APrg:
APy = IZZRMS ‘R;. (35)
Power losses in single diode APyp;:
APvm = V(TO) .IVDAVG + I\QIDRMS “Ir- (36)

Total power losses in four diodes APypy:

AP, =4 AP, . (37)
Power losses in capacitor APc:
AF. =Viave ipaks + I(ZZRMSZ " ESRpyy - (38)
Secondary winding RMS voltage at given load:
Varus = Voo = Loruss * Ry ) (39)
RMS current in single capacitor:
s = ST (40)
Nep
Maximum voltage on single capacitor:
V = Vo . (41)
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Load power:

Fy =Vaave 1y
Total consumed active power:

P, =P, + AP + AP, + AP..

Total from grid consumed apparent power:

Sy =V Lorus -
Total from transformer consumed apparent power:

S5 = Varus “Lorus -

Total power factor:

_hA
Xi Sl.

Displacement power factor:
Z‘om
COS(, = COS T-Zﬂ .

Distortion power factor:

Efficiency:

Calculation result comparison

(42)

(43)

(45

(46)

(47)

(48)

(49)

(50

SSPICE was used to compare some of the calculation results. SPICE circuit component
parameters are visible in Figure 1, while the corresponding simulation graph is visible in Figure 2. The
red line is I, curve, orange line is V4 curve while the green line is V, curve. In the circuit diode bridge
GPBC1510 was used. Approximate SPICE parameters of one diode of this bridge are given in Table 1.
Most useful datasheet parameters of single diode of the bridge GBPC1510 are as follows: Vp=1.23 V,

V(T()) = 078V, rr= 55 mQ, IFAV =15 A, IFSM —300 A.

Fig. 1. Circuit schematic in SSPICE circuit editor
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Fig. 2. SPICE simulation graph

r-""'"f/'__“

Table 1
Diode SPICE parameters
Parameter | Unit | SKN20 | GBPC1510

IS A 170n 6.5n

RS Q 0.009 0.028

N 2 1.45

EG eV 1.55 1.11
CJO F 400p 300p

\'2) \" 1 1

M 0.35 0.494
FC 0.5 0.5

TT S 10n 10n

BV \" 400 1000
1BV A 4m Su

AF 1 1

KF 0 0
XT1 3 3

Excel spreadsheet with the corresponding values is visible in Figure 3 where the green cells

contain the given values; gray cells are manually operable ones while the yellow cells display key
values for comparison. Calculation result comparison between Excel algorithm and SPICE simulation
is given in Table 2.

Table 2
Result comparison between Experiment, Excel algorithm and SPICE model
Parameter Unit Experiment Excel SPICE

Tc ms 5.5 5.0 5.2
Vo \Y 334 32.9 -

Dpk A 12.3 15.2 14.3
Viave \Y 25.7 26.6 -
1y A 4.35 4.5 —
TCU ms 4.4 4.7 4
TDU ms 5.6 5.3 6

AVy \Y 1.45 1.6 1.50
IZRMS A 66 78 -
Davg A 4.3 5.0 —
APyp, W 13 14.4 -
Varms \Y 23.3 23.0 -
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Table 2 (continued)
Parameter Unit Experiment Excel SPICE
Icrms A 4.9 6.3 -
Vimax \% — 27.3 27.3
Vimin \% — 25.8 25.8
Py \\ 112 120 -
P, \\ 125 135 —

Analyzing the calculation results we can note that significant calculation error (18 %) is
introduced in formula (27) — Lrms. Formula (27) is evaluated on the simplified mathematical model
assuming that AV, = 0, besides, the result is calculated using the values of Ipx and I,spx, which are
also calculated through approximated models. The rest or the formulas which are not after Irrys give
the value within 4% tolerance range.

f Vg Rt Xt ViTo) rT Vr - Vr C Vew Nep Neg Rica
50 25 0,26 0,23 0,78 0,055 1,23 1,23 | 16500 50 1 1 5.91
w
T Re Zz Cuee ESR ESRu. Xe Rse Zye | Vo Teom Ter Va ook
002 | 037 044 | 16500 0024 0024 019 | 0394 046 | 354 | 00011 | oooso 329 | 152
Vaave L L e Lsex Ocy Tey Tou | AVe  Vima  Vims | AVa
26,6 450 450 1.56 53 1.30 00041 00059 1.6 25 273 6.0
Lornts Lave Ivpras  Ivpave | Ioeax Iipags Lippte  Iemasr | APt APypy APvp: APc | Vimas
78 498 549 249 | 0003 0003 | 56 63 | 20 36 144 11 | 230
Terngs Capacitor current Vemax Voltage on capacitor Py P, S S, Vil COosQ V1 M
63 ToozucEn | 273 INRANGE 120 137 194 178 | 071 o094 075 | 087
Fig. 3. Excel spreadsheet example
Conclusions

As a result of the research new series of formulas suitable for full analysis of the single phase
bridge rectifier with a capacitor filter using widely available MS Excel software were introduced. The
given series of formulas written into the spreadsheet (without macros) form the semi-automatic
analysis algorithm which gives the voltage values within 4 % tolerance range, current values in 18 %
tolerance range while the power values in 8 % range.

References

1. Turme VY., lllenxk K. ITomynpoBogaukosas cxemorexauka (Advanced electronic circuits). IlepeBon
C HEMEUKOro MoJ peaakiuel a-pa TexHuueckux Hayk A.I'. Anekcenko. Mocksa: Mup, 1982,
ctp. 253. — 256. (In Russian).

2. Ivars Rankis, Inna Bunina (Rodionova), Energoelektronika, treSais atkartotais izdevums. Riga:
RTU, 2007., 186 Ipp. (In Latvian).

462



