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(a) Zero Voltage Soft Switching (b) Zero Current Soft Switching
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Fig. 2.8 Soft switching waveform
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Fig. 2.17 Simulation resultl of the conventional circuit
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Table. 1 Circuit parameters used in Simulation

[tem Symbol Value
Input Voltage Ein 172V
Lossless snubber capacitance | C1—-C4 5.4nF
Leakage inductance LI 4uH
Magnetizing inductance Lm 125uH
Trans turn Np:Ns 5:4
LPF inductance Lf 90uH
LPF capacitance Co 150uF
Output Resistance Ro 3.3Q
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Fig. 3.3 Simulation operation of each part when the phase difference $=0[°]

ikl

Sl:on S2:on

100

S4:on

S3:on

g

(a) Al°lE E}o]

_36_

(b) 2912s1e] A3 AF




1 100
100 |

— -100

100
| 100

50/

-100

D59 ¢t} A+

81.792
100 -+ 81.791 4
=nl 181.788
501 .
- -81.7865\ -
oL L o o
(g) =g A% (h) =9#¢te g&

29 3.4 98 0=36[°1% W] 7 Fo Bzt AlEUold 3

Fig. 3.4 Simulation operation of each part when the phase difference $=36[°]

_37_



| | 150}
r Sl:on S2:on 1 I
- 100

50

S3:on ‘5:54:011 ‘

ol £
r . S
(a) Al°]E E}ol™ (b) 2=$AIS1¢] A3} dAF
1500 ]
i 1 100
100L
i 0
305 1 r
L \ "1’ 1-100
oL Vf(_ 1 |
(c) 2=$91xS49] ALy A+
100
1100 §
0
| sof ]
100
. /N

_38_



100- ]

(g) 2849 (h) 22A%9] 2=
29 3.5 94 9=72(°1% W] 7 o] B3 ABUold 33

Fig. 3.5 Simulation operation of each part when the phase difference ¢$p=72[°]
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Fig. 3.7 Simulation operation of each part when the phase difference $=108[°]
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Fig. 3.9 Output voltage control characteristics for phase difference
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Table. 2 Circuit constants used in the experiment

Item Symbol Value
Switching Frequency { 100[kHz]
Input Voltage Ein 172[V]
Lossless snubber capacitance | C1—C4 15[ nF]
Leakage inductance Ll 4[uH]
Magnetizing inductance Lm 125[uH]
Trans turn Np:Ns 5: 4
LPF inductance Lf 90[uH]
LPF capacitance Co 200[uF]
Output Resistance RO 3.3[Q]
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Table. 3 Circuit constants used in the simulation

Item Symbol Value
Switching Frequency f 100kHz
Input Voltage Ein 172V
Lossless snubber capacitance | Cl1—C4 54nF
Leakage inductance LI 4uH
Magnetizing inductance Lm 125uH
Trans turn Np:Ns 5:4
LPF inductance Lf 90uH
LPF capacitance Co 200uF
Output Resistance Ro 3.3Q
Auxiliary inductance L5, L6 2.3uH
Auxiliary capacitance Ch, C6 1.8nF
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100F 1 100} h
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Fig. 4.5 Auxiliary circuit operation waveform when the phase difference

$=0° (when the auxiliary circuit is not in operation)
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Fig. 4.6 Auxiliary circuit operation waveform when the phase difference

$=36° (when the auxiliary circuit is not in operation)
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Table. 4 Circuit constants used in the experiment

Item Symbol Value
Switching Frequency f 100kHz
Input Voltage Ein 172V
Lossless snubber capacitance Cl-C4 54nF
Leakage inductance L1 4uH
Magnetizing inductance Lm 125uH
Trans turn Np:Ns 5: 4
LPF inductance Lf 90uH
LPF capacitance Co 200uF
Output Resistance Ro 3.3Q
Auxiliary inductance L5, L6 2.3uH
Auxiliary capacitance Ch, C6 1.8nF
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Table. 5 Circuit constants used in the proposed circuit and the

conventional circuit

[tem Symbol - aue
Conventional Proposed

Switching Frequency f 100kHz 100kHz
Input Voltage Ein 280V 280V
Lossless snubber capacitance | Cl, C2 | 5.4nF 54nF
Lossless snubber capacitance | C3, C4 | 5.4nF 22nF
Leakage inductance Ll 4uH 4uH
Magnetizing inductance Lm 125uH 125uH
Trans turn Np:Ns |5 4 514
LPF inductance Lf 90uH 90uH
LPF capacitance Co 200uF 200uF
Output Resistance Ro 3.3Q 3.3Q
Auxiliary inductance L5, L6 2.3uH
Auxiliary capacitance Ch, C6 1.8nF

9 4.30004 29X S3, S4ol 22[nFl1E BJomH, NEH HF ¥ 2~
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Table. 2 Representative ratings and characteristics of various devices
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Fig. 5 Peak—value characteristic of excitation current for phase difference
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B EZ(IV) PWM & PDM Modulation Method

#include <stdio.h>

#include <stdlib.h>

#include <math.h> /*sqrt, fabs#/
#include <conio.h> [xgetch()=/
#define E 282.8

E=200+*sqrt2=282.8%/

#define L1 124e—6

#define C1 0.1e—6

#define tau 9.0e—6 /¥t=L2/R2%/
#define k 0.78 [#k=M/sqrt(L1+L2)*/
#define PAI 3.141592

#define S 2

#define BUNSYU 10000

#define T_ON 21.0e—6 /#*IGBT ON=/
#define N 3 [=x[N+1], x[0], x[3], x[0]*/
#define MA 10

#define MAXERROR 0.00001

FILE =fpl; /*FILE—stdio.h*/
FILE *fp2; /*FILE —stdio.h*/
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int j,mode,loopmax,syusoku;

double t,tt,x[N+1],0ld_x[N+1],dx[N+11; /*[0][N+1]%/
double 1is,Vs,Von,pl,p2,p3,p4,p,Pin,Pout;

double T,fh; /

void mode_check(void);

void runge(void);

void defeq(void);

void zvs(void); /¥*ZVS(Hard Switching or Soft Switching)*/
int hantei(void);

void file_open(void);

void file_writel(void);

void file_write2(void);

void file_close(void);

void main(void)

{

int i,loopnum; [xint*/
1=0;
mode=1;
loopmax=100;
syusoku=0; /*double*/
t=0.0;
tt=0.0;
1sw=0.0;

Vsw=0.0;
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Von=0.0;

pl1=0.0;
p2=0.0;
p3=0.0;
p4=0.0;
p=0.0;
Pin=0.0;
Pout=0.0;

for(i=1;i<=N;i++)

{
x[1]1=0.0;
old_x[i]=0.0;
dx[i]=0.0;
¥

T=T_ON+2.0¥PAl*sqrt(L1*C1);
f=1/T;

h=T/BUNSYU;

printf("\n");

file_open();

for(loopnum=1;loopnum < =loopmax;loopnum+ +)

{

printf("\n=%d[period]\n",loopnum);
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//t=0.0;

for(i=1;i<=S*BUNSYU;i++)
{

mode_check();

runge();
if(syusoku==1 || loopmax==loopnum)
{

zvs();

pl=Exisw;

p2=p2+pl;

Pin=p2;

Pin=Pin/BUNSYU;

p3=(x[2]+x[2])/(L1*k*k+*tau);

p4d=p4+p3;

Pout=p4;
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Pout=Pout/BUNSYU;
Pin=Pin/S;
Pout=Pout/S;
p=(Pout/Pin)*100;

if(1%MA==0)

file_write1();

} /xif(syusoku==1 || loopmax==loopnum)_end:*/

it+;
tt=hxj;

t+=h;

Hfor(i=1;1<=S*BUNSYU;i++)_ends*/

if(syusoku==1)

{

Drintf (s s sttt sttt skttt skt okt okskor\n ')

printf("=%e[kw]\n",Pin/1000);
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printf("=%e[kw]\n",Pout/1000);
printf(Mn=%e[%]\n",p);
printf("\nVon=%e[V]\n",Von);
printf("\n=%e[sec]\n",T_ON*1000000);
printf("1=%e[sec]\n",T*1000000);
printf("=%e[kHz]\n",£/1000);

Drintf (M sttt stttk otttk ok okt koo \n 1) §

file_write2();

goto finish;

else if(loopnum==Iloopmax)

{
Drinf (s s s sttt st st stk ottt sk otk okt okskok\n )
printf("=%e[kw \n",Pin/1000);
printf("=%e[kw]\n",Pout/1000);
printf("\n=%e[%]\n",p);
printf("\nVon=%e[V]\n",Von);
printf("\n=%e[sec]\n",T_ON*1000000);
printf("1=%e[sec]\n", T*1000000);
printf("=%e[kHz]\n",£/1000);

Printf( Mkttt stttk skt sktok stk ok sk \n )

file_write2();
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goto finish;

if(hantei()==1)

{
syusoku=1;
printf("\n\n");
printf("=%d[period]\n\n",loopnum);
}

for(i=1;i<=N;i++)

{

old_x[i]=x[il;

} /#for(loopnum=1;loopnum< =loopmax;loopnum++)_ends/

printf("\n\n");

printf("=%d[period]\n",loopnum);

finish:;

printf("\n\n");

file_close();

- 150 -



getch(); /*include <conio.h>

void mode_check(void)

[#if else()>,>= < <= == =x/
{
if(mode==1)
{
if(T_ON<tt)
{
mode=2;
¥
else if(0.0<=tt && T_ON>=tt)
{
mode=1;
¥

else if(mode==2)

{
if(dx[3]>0)
{
mode=3;
}
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else if(dx[3]1<0)
{

mode=2;

else if(mode==3)

{
if(x[3]>E)
{
mode=4;
}

else if((x[1]/L1)>=0)
{
T=tt;
f=1/T;
h=tt/BUNSYU;

tt=0.0;
1=0;
mode=1;
}
else
{
mode=3;
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else if(mode==4)

{

if((x[1]/L1)>=0)

{

}

T=tt;
f=1/T;
h=tt/BUNSYU;

tt=0.0;
1=0;

mode=1;

else if((x[1]/L1)<=0)

{

mode=4;
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void runge(void)
{
int i;

double b[N+1],d[5][N+1];
defeq();
for(i=1;i<=N;i++)
d[1]1[i]=h=dx[i];
for(i=1;i<=N;i++)

blil=x[i]l+d[1][il/2.0;

defeq();
for(i=1;i<=N;i++)
d[2][i]=h=*dx[i];
for(i=1;i<=N;i++)

blil=x[il+d[2][il/2.0;

defeq();
for(i=1;i<=N;i++)
d[3][i]=h=*dx[i];
for(i=1;i<=N;i++)

blil=x[i]l+d[3][il/2.0;

defeq();
for(i=1;i<=N;i++)
d[4][i]=h*dx[i];

for(i=1;i<=N;i++)
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x[i]=x[i]+(d[1][i]+2.0«(d[2][i]+d[3][i])+d[4][i])/6.0;

void defeq(void)

{
if(mode==1)
{
dx[1]1=(E+x[2]/tau)/(1.0—k=k);

dx[2]==(ksk«E+x[2]/tau)/(1.0—k*k);
dx[3]=0.0;
isw=x[1]/L1;
Vsw=0.0;

}

else if(mode==2)

{
dx[1]1=(x[3]+x[2]/tau)/(1.0—k*k);
dx[2]=—(krk+x[3]+x[2]/tau)/(1.0—ksk);
dx[3]=-x[1]/(L1+C1);
isw=0.0;
Vsw=E—x[3];
}
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else if(mode==3)

{
dx[1]=(x[3]+x[2]/tau)/(1.0—k*k);
dx[2]=—(ksk*x[3]+x[2]/tau)/(1.0—k=k);
dx[3]=—x[1]/(L1%C1);
isw=0.0;
Vsw=E—x[3];

¥

else if(mode==4)

{
dx[1]=(E+x[2]/tau)/(1.0—kxk);
dx[2]==(k*k«E+x[2]/tau)/(1.0~k#k);
dx[3]=0.0;
is=x[1]/L1;
Vs=0.0;
}

void zvs(void)

{
/*Soft Switching*/

if(mode==4)

Von=0.0;
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/*Hard Switching#*/
else if(mode==3 && x[11/L1>=0.0)
{

Von=E—x[3];

int hantei(void)
{
int 1,0,r;
o=1;

for(i=1;i<=N;i++)

{
r=0;
)
else
{
if(fabs((x[il—old_x[i])/x[i]) <MAXERROR)
{
r=1;
}
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0=0*T;

if(o==1)
{

return(1);

}

else

return(0);

void file_open(void)

{
if((fpl=fopen("1.dat","w"))==NULL)
{
printf("File can not open\n");
exit(1);
}

fprintf(fpl,"?t[s], ttl[s], mode 1—2, iL.1, VL1, iC1l, VCI1, isw, Vsw\n");
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if((fp2=fopen("2.dat","w"))==NULL)
{
printf("File can not open\n");

exit(1);

fprintf(fp2,"?T[s], fl[kHz], T_ONIsl, Elv], L1[H], C1[F], k, Pinlkw],
Pout[kw], p[%]\n");
}

void file_writel(void)

{
fprintf(fpl,"%e ",t*1000000); [xtx/

fprintf(fpl,"%e ",tt¥1000000);  /xttx/
fprintf(fpl,"%d ",mode);
fprintf(fpl,"%e " x[1]); [¥1=11%iL1%/
fprintf(fpl,"%e ", x[2]); [*2=N*iL2%*/
fprintf(fpl,"%e " x[11/L1); [HiL1%/
fprintf(fpl,"%e ", dx[1]+dx[2]); /*VL1x/
fprintf(fpl,"%e ",Clxdx[3]); [¥1C1%/
fprintf(fpl,"%e ", x[3]); /¥VC1%/
fprintf(fpl,"%e ",iw); [xiw/
fprintf(fpl,"%e ",Vw); [=Vwx/
fprintf(fp1,"\n");

}
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void file_write2(void)

{
fprintf(fp2,"%e ", T+*1000000);
fprintf(fp2,"%e ",£/1000);
fprintf(fp2,"%e ", T_ON%*1000000); /*IGBT—ONx*/
fprintf(fp2,"%e ".E);
fprintf(fp2,"%e ",L1); [xL1%/
fprintf(fp2,"%e ",C1); [%C1%/
fprintf(fp2,"%e ",tau);
fprintf(fp2,"%e "k); [k*/

fprintf(fp2,"%e ",Pin/1000); /%Pin*/

fprintf(fp2,"%e ",Pout/1000); /*Pouts/
fprintf(fp2,"%e ",p); [xp*/
fprintf(fp2,"\n");

}

void file_close(void)

{
fclose(fpl);
fclose(fp2);
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B Z(V) SH 7045H-2IGBT S Al°|E A58 &3t
nolaz AFEHE =Y

/% */

[r 2EE 2913 ABE 4 AZE PWM Ao/

[% %/

#include "7040SA.H"

#include <gmachine.h>

#include <math.h>

#define FAI 28636360 // 7.15909 [MHz] < 4 (°F 35ns)
#define F 100000 // 95 [Hz]

#define DT_start 0.8 // 7wEl& DUTY

#define Td12_start 0.5e—6 // SW1, SW2Alole] = EFQ)[ 1 S]
#define Td34_start 0.5e—6 // SW3, SW4ALol] Hl= g 4 S]
void __main(void);

int main(void);

void init_ad(void);

void init_mtu(void);

void func(void);

unsigned short ¢, cl, c2, ¢3, c4, ¢c5, ¢6, c7; /x 2= X¢] on, off A|ZF (E}o]
W) AA

int count; /* JAEHHE g4 &2l +/

unsigned int Read_valuel, Read_value2, henl, hen2; /* <« | AD W 3}to] o]-&
%/
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unsigned int change_valuel, change_value2, truth_valuel, truth_value2;

double Tdr12, Tdr34; /x W= E}Qe] H|& W5 »/
double DT, Td12, Td34; /+ FE], d= EfJe] W =/

/********************************/
/% __main(tH]) =/
/********************************/

void __main(void)
{
}

/% MAINgH#/

int main()

{
DT = DT_start; /*=7|3k &=/

Td12 = Tdl2_start; /*Z27]%k =/
Td34 = Td34_start; /+*Z27]3k S/
count = 0;

set_imask(0); /*QEHHE Eof 2A7]+/

def_int_hdr( 144,(void*)func ); /*SlE|HE (CMTO0 SIHHE

144)%/

PFC.PECR1.WORD
PFC.PECR2.WORD

Tdrl2
Tdr34

2.0 * Td12 * F; /A7 — H]& $3hs/
2.0 * Td34 = F; /*A|ZF — H]& HEhx/
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0x5555; /*TIOC3A—4D (MTU) (& 7]%
0x0055; /*TIOCOA—0D (MTU) PE4-7 (I /

HE

=)/

0)x/



c=(CFAI/F) - 1;// SW2—end

cl = (¢ = Tdrl2 ) / 2; // SWl—start
c2 =c/ 2;// SWl—end

c3 = c2 + cl; // SW2—start

cd = c2 — ¢2 % DT; // SW4—start

cb = c4 + c2 * (1-Tdr34); // SW4—end
c6 = c4 + c2; // SW3—start

c7 = ¢b — ¢2; // SW3—end

if(c7<=0) /A Ao =1 15%/

if(DT==1) /=&A| sf2e =1 25/

{

c’=c;

}

init_mtu();

init_ad();

CMTO0.CMCSR.WORD = 0x0040; /83l A JAHHE 317} @ F345 = ¢
/ 8x/

CMTO.CMCNT.WORD = 356; /«35ns * 8 * (356 + 1) = 100us F7]&
AEHEE AR/

INTC.IPRG.WORD = 0x0090; /«IPRG 7 ~ 4 H]E7} CMT0 QHHE ¢4
o = R 2 | P e =

CMT.CMSTR.WORD = 0x0001; /*CMCNT02] 7+-&¢E &2 on#/

while(1)
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{ //loop /* =/
}

return O;

}

[tk sk sk ot ks skl Rtk sk koo sokofskok ok ok /

/= MTU %7] A&/

[kt stttk sk okl olsk sk sk skokoR skt skokoR ok /

void init_mtu(void)

{

MTU.TSTR.BYTE = 0x00; /+7+E &2 GA|*/

// CH 0 PWM

MTUO.TCR.BYTE = 0xc0; /#TGRD®2] H|uL wjx]ol| A clear, ¢ / 1 clock*/
MTUO.TGRA = cl; /* 7E U 7 Pin_17%/

MTUO.TGRB = c2; /+* 77E U 7 Pin_16%/

MTUO.TGRC = ¢3; /* ¥ U % Pin_15%/

MTUO.TGRD = ¢; /* F7] #/

MTUO.TIOR.BYTE.H = 0x12; /* TGRB=OFF TGRA=ON Z7]30 */
MTUO.TIOR.BYTE.L = 0x12; /* TGRD=0OFF TGRC=0ON Z7]%0 */
MTUO.TMDR.BYTE = 0xc2; /* B3 1AL& MODE = PWM 2= 1 %/
MTUO.TIER.BYTE = 0x40; // (TGIEA)«aXZ W7 (CMT0 JUEHHEE
v 7] o)

// CH 3 PWM

MTU3.TCR.BYTE = 0x60; /0t G2} FAl clears/

MTUS3.TGRA = c6;

MTU3.TGRB = ¢7;

MTU3.TGRC = c4;
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MTUS3.TGRD = c¢5;
MTUS3.TIOR.BYTE.H = 0x56; /* TGRB=OFF TGRA=ON Z7|%t1 =/
MTU3.TIOR.BYTE.L = 0x12; /* TGRD=OFF TGRC=0ON %7]%1 */
MTU3.TMDR.BYTE = 0xc2; /#*¥3 w]A}-& MODE = PWM %= 1%/
MTUS.TIER.BYTE = 0x40; // QEIHE 3]7}glo]

MTU.TSYR.BYTE = 0x41; /+ 0 Q¥ 3 A F713 +/
MTU.TSTR.BYTE | = 0x41; /* TCNTO&TCNT3 start #/

¥

skt st ks stk ot s s ko ook /|
[+ JAEHE g/

skttt sk st ks st ks ko koo
#pragma interrupt

void func(void)

{

CMTO0.CMCSR.WORD &= OxFE7F; /* 1 Zg17} & 002 tA] 24 (S
1 ZEo]) #/

// MTUO.TSR.BYTE &= OxFE; // Z&#l1 Zg]o]

count += 1; /x 3ol EI3E cAx}o) ALE %/

AD.DRAO.WORD; /* #l*]=H €] gt (AN0)E W] &
AD.DRB0O.WORD; /x #lA =¥ 9] gk (AN1)E ¥

henl = Read_valuel >> 6; /x H|E A|ZE x/

.,d

oft
*

~

Read_valuel

ot

oft
*

~~

Read_value?2

hen2 = Read_value2 >> 6; /* H|E A|XE x/

change_valuel = 10000 * henl * 5/ 1023; /x A<+ V o= H3hx/
change_value2 = 10000 * hen2 * 5/ 1023; /x A+ V oz HE »/
truth_valuel = change_valuel * 60.75500892 / 10000; /+ 2 ¢tgkol] oy
3 WA g=2.0164[ Q102 AL #/
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truth_value2 = change_value2 * 121.2267303 / 10000; /+ &= dALdgkol of
3 WA T=1.0056[ Q1= A2/

}

R ———

[+ A/D AA7dx/

[t sk R S R R S Rk

void init_ad( void )

{

AD.CSRO.BYTE = 0x10; /x IHHE &4 &7 Re= dA «/
AD.CSRO.BYTE | = 0x01; /* zl'd A8 ANO, AN1& S¢17]eol A A +/
AD.CSRO.BYTE |= 0x20; /¢ W3 A2 )/

}

- 166 -



A Study on Phase Shift PWM DC-DC Converters Applied to Power

System for Plasma Generation

Dong-Il Kim

Department of Electrical Engineering Graduate School

Pukyong National University

Abstract

In this paper, the circuit topology of a new phase shift PWM DC
-DC converter applicable to the power system for plasma
generation and the control circuit system by the FPGA device are
presented, and the operating principle and characteristics of the
circuit are revealed. And its effectiveness was proved through
simulation and experiment. To summarize the results, first, it points
out the hard switching problem in the low-power region of the
primary-side phase shift PWM DC-DC converter, and as a solution
for loss reduction by high-frequency switching. A primary-side phase
shift PWM DC-DC converter using an active auxiliary resonant
snubber is proposed. Inaddition, its operation principle was revealed
by simulation analysis.

In addition, simulation results show that the proposed circuit is
an excellent circuit capable of soft switching operation over the
entire output power region by the active auxiliary resonance
snubber. And for soft switching DC-DC converters, comparison was
conducted by experiments with ratings of 3[kW], 7.6[kW], and 100
[kHz], and the efficiency of the proposed circuit in the hard
switching operation range of the conventional circuit was higher

than that of the conventional circuit. confirmed to increase. Also,
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the advantages and disadvantages of each circuit are described.

In addition, high-efficiency is realized by 100[kHz] and 150[kHz]
high-frequency soft switching, making it possible to reduce the
size and weight of DC-DC converter parts for the purpose of
application of power system for plasma generation. It was
confirmed that the power conversion efficiency of the proposed
circuit is lower than that of the conventional circuit because the
active auxiliary resonance snubber is connected even though the
switch of the active auxiliary resonance snubber is always in the
off state. By taking advantage of the advantage that soft switching
energy can be supplied from the power supply by the active
auxiliary resonance snubber, the lossless snubber capacitor
connected to the main switch of the proposed circuit is larger than
that of the conventional circuit, and the DC-DC converter
proposed in this paper is It was confirmed that the loss in the
output power area larger than that of the existing circuit can be
reduced. And it was shown that the proposed circuit can suppress
the maximum value of total loss. Therefore, the volume of the
heat sink determined by the maximum value of the total loss can
be reduced, the circuit can be smaller than that of the
conventional circuit, and hard switching without a lossless snubber
capacitor in soft switching in the full load region The operation
and parasitic inductor parameters of lossless snubber capacitors
and high-frequency transformers and soft switching operation by
active switches were compared.

As described above, the high-frequency link phase shift PWM
control soft switching DC-DC converter has many advantages, and
it is compact and lightweight thanks to the power control interface
circuit of several kW-class small-capacity polymer fuel cell systems
and systems using new energy. , it can be confirmed that it is an

effective circuit method for high efficiency and low noise.
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In addition, a parallel output circuit variant topology using each
high-frequency transformer tapped inductor of the high-frequency
link phase shift PWM control soft switching DC-DC converter, and
a two-channel serial output circuit scheme and dual output channel
independent control circuit variant suitable for high output voltage
It shows and explains the control method and operation principle,
and the effect was revealed by conducting a performance evaluation
review through simulation analysis of normal characteristics and
transient characteristics. In addition, a full-bridge phase shift PWM
control type DC-DC converter suitable for large-capacity was
proposed as a power interface of a power supply system using
new energy, and its effect was revealed through simulation

analysis results and experimental results.
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