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Abstract: Losses and temperature rise directly affect the insulation life and operational reliability of high-power
high-frequency transformers. Accurate thermal state perception is crucial to its safe operation. In order to realize fast and
accurate on-line monitoring of temperature and loss of high frequency transformer, an on-line calculation model based on
physical-data dual drive is proposed. Firstly, an improved thermal network model considering the frequency-dependent
effect of heat conduction and thermal anisotropy is constructed, and its high accuracy is verified to be comparable to that
of finite element simulation. Then, aimed at the problem that the experimental samples are difficult to measure and the fi-
nite element sample generation takes a long time, a physical constraint wasserstein generative adversarial network with
gradient penalty(PC-WGAN-GP) is proposed to generate a high-quality data set that conforms to the law of thermody-
namics. Finally, a physics-informed convolutional neural network(PI-CNN) model based on crown porcupine

optimization(CPO) is constructed. By introducing a hybrid loss function of dynamic weights, the deep fusion of physical
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mechanism constraints and data-driven features is realized. The results show that the relative error of the hot spot temper-

ature of the key nodes calculated by the improved thermal network model is within 3.31%, and the equivalent physical
benchmark is established. On this basis, the relative mean absolute error(RMAE) of the proposed CPO-PI-CNN model on
the test set is reduced to 2.66%, and the coefficient of determination R? is 99.19%, which verifies that the method has

good calculation accuracy and generalization ability.

Key words: thermal state awareness; online monitoring; physics-data dual-driven; improved thermal network model;

physics-constrained WGAN-GP; physics-informed CNN; crested porcupine optimizer(CPO)
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Fig.1 Schematic diagram of high-frequency heat conduction
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Table 1 Electrical and physical parameters of the studied

high-frequency transformer

SR BB/ K
HE /KW 160
HUE A Hz 20 000
HUE BV 1 .000/2 000
LI FELBE/mQ 1.03/4.60
i /kg 21.85
Bkt KU 1Y)
SeUH S F2££8(0.12 mmx3 185 JIY)
HSH TS 25 0.402(40.2%)

HA7: mm
wRS H
Fig.2 Shape parameters of the studied 160 kW, 20 kHz

high-frequency transformer
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Fig.3 The proposed thermal network model for a 160 kW, 20 kHz high-frequency transformer
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Table 2 Description of thermal resistance and power loss

parameters in the thermal network model
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Fig.5 Solution process of the thermal network model
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Fig.7 Overall framework of the physics-data dual-driven online calculation method
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PN . Loy WAERZIKENAE A G e/ MEA AL
I3 5 FSL A A 2 18] (] Wasserstein BH B, 38 A A
FEARLEGTHRHIE FIEIE L SCH BRorEAS, PAgmid o7
48 D.
IRy Lony ¢ NPT UK. FEIIZRITHE
o, ST AR R A LR RS IR R 2 D N RRAE
5358 Xgen PG HH A .73 B pens BHJS, 4 Xgen HIAA
PRACERAIAY, SRAR H IAE P B S E R A TR
& Teaco T Uth, FREYIELE RIUK BB Lpny G-

‘Cphny = ” ygcn - Tcalc ”; (14)

TX 0 434 2 R ) 4 AR A R s AR IR R R 40 A
(R TR, A o, AT FEE 437 A DX BRI 06 2™ A W 8
TRIJEFD RN BTG, &EE
FRFEASSEEL T AE G MR AE - — 8 g L A .

AL PC-WGAN-GP 113z AL i 1 I AE s afi i it
X9 HIFIE BRI SRR . SO R £ A i
LHS KA, Heum b m R AYE N T 78 5 118

IF(ATRIES 20%~120% 5140 X [A)) It 42 )3 4 Jy 2
eI DAL, R iR p B AR 2 AE LHS
AR LIRS, A 9 2H FEM 1 544 A
HATERINAERN 7R, ARG T /PEARY 78 5 51 K
R bt 5 i T Y B I )
2.3 IE-BUENERENAY CNN 7fE4 1+ BiRE

ST IGsRfE R AR S, ATt T
FRAZ BRI ) 28 (PI-CNN)VE Y LE 2R Az 0B,
2.3.1 PI-CNN MIZ8 4244y

YT 5 HRERR ) S BN SR S A T S,
AR SIS0 UE B S ks A PR oA, g
HO6 RT3 MR Nt RRAE, M BRI 2R 5 50
WERT R AR AR . A AEZR IR I ) S T RURR SR, 1%
TR SR FH — Yk 5 FH A 22 W 4% (1-dimensional convolu-
tional neural network, 1D-CNN)ZERIAE AIR FERFE
WAL . 51642 ERRAHLMLP) ) 4 R 45
FAANIE], ARSCK 1D-CNN [ 8 2 25 T S A AR 1 4
WIRE S [ PR S L. fEM AT AN, K 7
YERHIE 3R PR AT B A Q08 RIEAT P I E A,
o HE M P 030G 1) 0 P o 5 B PR B R,
R TR HES o fE3X —HFE 751, 1D-CNN
HFIE BB IIER, A5 S fE v A A A
P22 TR JR PSR FE A P 5 B S R B RFAE

FHELT MLP ] SIS B A ARRAIE J 1 940 B gk
SEACE IR, 1D-CNN [ R i 8 AA 3L = AL
1) S R AR BT o 8 ) s B SRR AIE o [RIENS S L
HlERD> TS, RE T —ERIENMER, A
RACE B, 1SR PR I B XU
232 RETRILH S NSRS

SEEN RN BbR, ASCEE TSR
BIHRRLaaa SYFRIRBA R Lony IR & HARRREL. H
W, Laaa KI5 R AT R TN 5 B SARE )
ZE5ts Loy MEEAC AR I Fu 45 S 554
YIRS, B R 2T S A R AR Y
(ISR . AT AR BB L toral 7E SUH:

Lioar = Lata + 11 5pny (15)

2 SR HAIAME N S BIEUE, B
GINIERL O] R S EORL BETT MR, AR
AP R NG . FEVIZRIIH(ET K 4> Epoch),
WENE 7=0, {FHA LT WEER % ) St
A MR TR, Ko RN H ARME,
GINHERL A ZECHAT RS AT . 1SR 2K
e TR ISR S A A RE
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Fig.9 Flowchart of CPO-PI-CNN

PR B E SN DT R 5 “R
1797 SEBARALE2, BAEAT ot B = 3 R o B
I FH v 0 23 AR BB AE S e A AT 3 N AT RS 4B R
AT AR LA RIR R B, il rE S A A )
KIGHEFENLIE 2Bk Rt . A LH— 5%
WE£E MSE Ji& B EEpR £, I CPO W TR R 57F
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*TL‘**%D?D‘JﬁWﬂL%jJ 1 5 160 kW. 20 kHz fI48K

ORI ASFENL, BERFR MR 70 kW ST
%ﬂﬁ\%&ﬁﬂf}ﬂﬁﬁaﬁéﬁﬁﬁﬁﬁ&iﬁl FHEEELM
HIBRIE B LA DAL O . i 5 IR
KH SIGLENT SDS2104 X /Ry #vKAE. W RE
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BT SR RBE A IR, DI RE Rk 3]
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Fig.10 High-frequency transformer test platform
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Z WA B PR, $IL 7 e A R s IR
Mt N 500 V' FE FR RN TR — il 4 2 77 AR
WEE RGO B . AR S AERRIATE 22, 11,
5.4 J 3.3 QMG TR, RN S
WP WE 11 frs.

T BE AR IR AR SR T IR T A s T AR AS I Y
P B AR . MR LR 1 h NI ARFFE 1 K
PAPIE, RISE SCHIEBIHCFATR . ANFE 7k R A
A0 s AR A IR B AR A A B 12 B .
3.3 AMEYIBRBIHES XL AR
3.3.1 %ﬁﬁﬁMﬁﬁﬁmﬁﬂ%ﬁ

%? Ansys Maxwell 5 Icepak XXFEU%%%E]’J EE,EZQ—?‘?S@—
M2 Y4 R yc(finite element method, FEM){fj
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Fig.11  Voltage and current waveforms on the secondary Bl 12 FadSiE AR 5 B fh i th 42

side of the HFT

PR T SeT AR SR S Ee LIRSS FEM BEAY [
HERAE . 3R 5 45 T IERE 56 R oo BB A
FURFERIXF L.

W 5 fron, £ R=22 Q PRI ZH THT,
T B RIR LA N, A B ] G RS P A5
T U IN P Bl 2 T EUEXS B 43 HeiR ZE R 5UE g
TR Cani s 4). (EFEE UG IN(R=3.3 Q), #it
Wi T HaE HIRTHAR R, BB AR T BR8N,
SEESMAS ) SR IR S FEM 1 45 MK
FHXRZEA N 3.65%, H BT I mR 22 45 HI7E 4%
DA . X —&5 AIESE FEM {5 AR ELAG 43 i O o
BTk, PTAE N G PPl #0025 A R 5 fr R o
332 BUEIEAT LA T RIX 5 M

PLASEIOIOUERT FEM {5 B850 e, 7E%0
SEIBAT TOLR, A SCHE H R et FA Y 2 B 5 4%
G0 7% (B FE IEEE Std C57.96 J5i%B4, SCHR[35]
$2 2| 1) Kazimiercuzuk J77%5 McLyman J57% J R 25
FEATAR L T AR BEAT X0 L A3 AT o 5 7V %
IR B TR A5 R R 6 PR .
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Fig.12 Steady-state temperature as a function of load

SRR TFT AT R R R . A
KIS, Bt SISl T I R MR 2 ek
N 3.31%, HREFHEERTH AR ZUN 0.60%.
XS R, 2R SR 1 RAE = A R A
F R B A A S A TR Gk DT R,
o TEASE Y rh 2 A A AR S8, RO IR B T
FARZEKH 3.29% 7 E 4.53%. %0 gk FAIEsE
TR LI, SIS EX TR Z R
EUREEA B EE M, HELZ T, #FRE
IS v N 2R B HE B S 1 JRS PR 4 , McLyman J572:
T 3T IR E S S A A R %, FEELE
B EIRL P (R TR 5% 22 ik 23.58%; 111} IEEE FRi: 5
BRI B M T 2RI 2] T 8.94%.

TEVHECER T, 56 B IR 58 B 11 R - P4 -3
FRATHEL, A PR IC EFER KA 3 730 s, AHELZ R,
ARSCHE AR 5 AR T 46 s BIAT 58 iR g, 1
BUE LS T 4 81 RIS . 2R LR, AR
{10 ST A X 8 A5 B TR DR T B R 22 <<A% ) R kG B
AIHE N, WOKHW R TI2 FRAS, SEBL TREE 5%
) R AP

RS ONFESAEIL A RO 55 LU IR X E
Table 5 Comparison of finite element simulation and experimental temperatures under different load conditions
R=22Q R=11Q R=54Q R=33Q
Meighs SRR FEM 4N iR%/ SUesidy FEM Y %/ StREENY FEM 4R iR%/ SEREEHY FEM4SRY i/
T T % T T % T T % T T %
WA 1 29.9 32.22 7.76 31.2 33.26 6.60 38.3 38.97 1.75 48.6 48.98 0.78
WA 2 30.2 32.36 7.15 31.6 33.63 6.42 38.9 39.58 1.75 50.6 50.29 0.61
A3 33.7 32.60 3.26 34.6 34.15 1.30 39.3 40.32 2.60 46.4 47.23 1.79
WA 4 29.9 32.55 8.86 31.2 33.11 6.12 38.2 37.64 1.47 49.0 50.79 3.65
W5 29.0 29.47 1.62 29.6 31.28 5.68 33.1 33.36 0.79 379 38.78 2.32
M6 36.3 34.73 433 38.5 39.43 2.42 49.1 47.44 3.38 63.8 62.38 2.23
A7 36.6 34.81 4.89 38.7 39.37 1.73 49.6 47.41 4.42 63.5 62.33 1.84
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Table 6 Comparison of accuracy and computational efficiency between the proposed method and traditional thermal

calculation methods
R VI sesd WP RIS . . .
. : — : — : — — PSR AR T
WAREA PR MRHREZE O BGIREE MR BGTIREE MRZE R MrRE s y
(1]
T C C % C % C %
AR 105.76 — 148.04 — 143.08 — 139.50 — 3730 —
AT 102.28 3.29 143.14 3.31 138.77 3.01 138.66 0.60 46 1.23
A FEATAR 2N )
R < 100.97 453 142.99 3.41 138.62 3.12 — — 48 1.29
AT
Kazimiercuzuk 773 99.24 6.16 138.61 6.37 134.55 5.96 — — 30 0.80
IEEE Std C57.96-2013 ]
e — — 161.28 8.94 146.62 247 — — — —
SE M
McLyman 75 130.70 23.58 130.70 11.71 130.70 8.95 — — — —

3.4 PC-WGAN-GP HiEIEsa IR N4

T4 T 3L J7 3K A (Latin hypercube  sam-
pling, LHS)#JE 1 000 ZHIIIZAEAR, AICTER T
MLP 4 AR (R 2 . DRSS B, %A
BRSO R G TR BT S e R 5L R2 3
Ik 99.9%, F W HLREAT UL R L) 7 22 A
b, LA B AR Bk B 28 AT T JR I S R RN
HIfE1

AT AL PC-WGAN-GP R [R5 1 it
BE, A SO R A A IR RE AU 72
rPEIX 2 AN TIRARIRS . — 510,
WAL 7L 5 G AR N2 H 1Y) WGAN-GP B4
AT T HRUER s S5, SR PC-WGAN-GP
KA R IR REAR (3L 6. 94 12, 15 )73 ald
FE 2 000 HBEAT M, LURTE 9 ZHAIAFEA&
PR, A SO U PR IS U (physical violation rate,
PVR) 5 70 45 — B ME 45 (KS 4t1t & (Kolmogorov-
smirnov, KS); #H5¢ %14 #E & (correlation matrix
distance, CMD){E NP R, 548 R VR4
xf gt BNk 7 B

LERRW], FE 3. 6 4IRIMm/AMEAR T, BT
KR S TR, AR AT — SR PR A
J 9 HFEAT 4 WGAN-GP(3 HFEAR N H R K
AR T 2 CMD #8458 2HLESUE (not a num-
NaN). {Hj&, 79 FEf QR 158 m
W, A RS 0.02%, 1AL H %t
LA A 33.03%, IXARHL T P0EE Se 6 AR AR A
AT IHLR, AR08 T OAFEA . IhAh, SFEA
FRASEIE i1 22 5 76 4I8 4T UL 9 2, B527 ) CMD
5 KS Giit-82r BIFEE 1.950 2 A1 0.23, Ak A4 B

ber,

BT ARINA R FEAEH . it — DR A
12 HM IS H, BTHEARFHETHEZ OAL 1%,
SEAHICH BRIGHT H2 3 730 s [WFERT, dk4iy 7%
15 QLR KA 6.2 h AISMT S H . SR PP TH
FRRAS S A B R, 9 iU FREA O R kAT
#T PC-WGAN-GP [RIFEAIE 55

BT AFRIAFEAKUSE T Bede 18 5 8OR KA REFR Fris b

Table 7 Comparison of data augmentation effects and perfor-

mance metrics under different original sample sizes

e 11t s . L WEIERL MISRHERE -
BRI FEARIRL o KS grit&:
/% iR
34 0.02 NaN 0.498 5
64 0.00 2.9056 03121
PC-WGAN-GP
. 94 0.00 1.9502 0.230 0
(ARSI
12 41 0.00 1.938 8 0.2215
1540 0.00 1.9315 0.219 8
WGAN-GP 94 33.03 22492 03310

3.5 CPO-PI-CNN 7E£ It BAR BV REITAL
3.5.1  RRAERIEREXS EE
BEF 5 Hrag AIEXT PI-CNN BLALZEAT VA,

Fop 645 5 CNNL LSTM. SVR. ANNUSL [
PR S XGBoost & 7 FhILHERAY AT X L . BT
AL T A — R R SR 5 I, IR T iR
(mean squared error, MSE). 577} 1# Z (root mean
squared error, RMSE). “F-3J44 %} 1% % (mean absolute
error, MAE). AHXf P )48 % % Z (relative mean
absolute error, RMAE)fIYLE 2% R? fabr, 1534
[ A 7E AR BRI R R bR AT LL sk 8 B
7N FEPR AT AL EE R 13 s (B 13 iR ZE SR b
KA RIRZE T — AR, [ET EMXTE).
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Table 8 Performance comparison between the proposed

PI-CNN and other baseline models

JiiEAA MSE RMSE MAE  RMAE R
PI-CNN 29.8399 5.458 2 3.194 3 0.0344 09872
CNN 44222 1 6.637 2 4.0849 0.0440 09798
LSTM 58.538 5 7.5758 44404 0.0477 09742
SVR 61.070 1 7.809 4 5.0769 0.0547 09726
ANNLE 672514 8.177 8 53789 0.0581 0.968 1
Random Forest 112.4864 10.6030 6.1879 0.0667 0.9519
XGBoost 119.0552 109088 6.6140 0.0713 09510
Decision Tree 2522968 158811 10.2101 0.1100 0.870 6
MSE
1.2
1.0
0.8
0.6
2 » &8
R (gl - O.il’r_ RMSE
N\ 0.26- > »?
N /) PI-CNN(A3LJ7i%)
NN /i) — o CNN
W= LST™M
—wv— SVR
— & —ANN
————— - -4 - -Random Forest
XGBoost
RMAE MAE Decision Tree

K13 PI-CNN 5 At B AERCR A PRAG Fi b b ) 7 I 18
Fig.13 Performance evaluation of the proposed PI-CNN and

baseline models using a radar chart

SIS EERR A, AR PI-CNN [ MSE,
RMSE K F-#14a%t % % MAE 43058 29.84. 5.46 FlI
3.19, B RFTA XA R o ME . HkE R
R23A%0.987 2, & T B4l Ik a1 CNN KL%
MLAS S SRR, X — 45 78 4 UE SE T W)L AL
VB —Fh I AL T BOA 8] T a5 SR s i 2 5
HIA G ISR, KiEET TR EAE . [
i, TEA R AR E S AT, A¥dRIKE) T
CNN [#] MSE > 44.22, 717 ANN(RJ MLP ] # 74
F)I MSE =ik 67.25, tHEME 7 R{3C CNN JEid—
YE1E SHAEFRNL A J5 B I8 5Z B AT 1) i ] I 286 3 AR AR
WVELAF (W R G 5 IR BB . Bt 53R ER) 2 (6]
{10 Joy ¥l BE 0 BE S5 B S AR GO EE, 7S CNN 7
THEIS (4G FEAR T MLP,

3.52 IR

¥ CPO HiE ki % (particle swarm
optimization, PSO)IE47 % o 2 PR 1) B I3 o7 5
&k Wil 14 ffrs .

WSl 2853 BT o, CPO TELARHIHAZR I H 3

PRICIE RS T REIHE, Reilvisit & %5 iR 2= e 78
RS, PSO GBANJmil&, M CPO {iReks
St . AYRIUE CPO FAx} PI-CNN A1 e [ 42
TR, XFE CPO fliftfs . PSO flifba KAk
PI-CNN MM 5 PERE, WS TaFRIEH MSE.
RMSE. MAE. RMAE } R?, 4538413 9 fiR.
0.001 8

0.001 7} PSO
—e— CPO
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)
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Fig.14 Comparison of best fitness convergence curves be-

tween PSO and CPO algorithms

RO AFMALFIESGEEE K PI-CNN BR P REXS EE
Table 9 Performance comparison among PI-CNN models

optimized by different algorithms

HEA MSE RMSE  MAE  RMAE R?
CPO-PI-CNN 183274 42811 24414 0.0266 0.9919
PSO-PI-CNN 215169 4.6386 26525 0.0289  0.9909

PI-CNN 208399 54582  3.1943  0.0344  0.9872

% CPO AL PI-CNN £i%!(CPO-PI-CNN)
f) MSE 3t — 32 [#(K 4 18.33, MAE [#{L% 2.441 4,
R*$2F+2 0.991 9, B8k | I 5w 1 251k 4,
ASCHTE IR 160 kKW K25 5 i A3 1 2% 76 40U B
HIRTHT, PO S EE Tk 140 C. 1E
X, Ak S5 CPO-PI-CNN A T EL A3 )
244 CPIJAERRZE, Xof AT 5 A 22 AN 45
HITE 2%LAP o 7F LT HL 285 6 ) S P Vi B 2
W, M RN R S e R R g
BWEA 10~15 CHRZETEMEE. FN, FEEE
ARG UG T PUIA B P ERAL R A B A7 AE (1)) iR
78 Rz B RBR I, AR SRR 2,44 “C TN R
ZOEF RN THESENE. ZHEKFERRE N
PR i 25 1) 4 A= i S 24 i POl D B i e
TRESRAL 7L e . AIEEMIR R R, Al e I



BAERE, B S WO, 55 BT BB UK (¥ K v VA I A AURE S R i B AR e i BT ik 4241

RGEHISBR RN /K

3.6 ZLIAFFHXTTERENSRME ST
FESEBR TRERL A, 1A F 2 A SRR 32 &

Mg DL R SRR T PPl EiR AR AR

PRI 2O AR IR I B2 s JER0RE E FA BRSO, AR ST RE T

AERHT 7R BB E i, 45 RTENLER 10,
R0 AFEZAF TR v SORS L R 2

Table 10  Sensitivity analysis of calculation accuracy under

different boundary conditions

TR W e RMSE MAE R?
FRAR AL 42811 24414 09919
HINBFIESI AL CRENLEE 5.5383 29852  0.9869
HINBFES| N2 CRENLEE 97637  4.8202  0.9430
SRR BT 10% 11.1172 65101  0.9660

HREARY () N AR T A LT e AR R AR AR Y 7
AN PT100 W3R Ao % HSEPr TR A7 7E 1) A
w2, AAEMIREMAREP ANATIATEL CYH
2 CHImbapLEE = . IR 10 FTEUEH, 51N
+] CHEFERT, HRLE) MAE (UM 2.441 4 #m%E
2.985 2, KB CNN [1JREERAZHLHIXT K ZRHIE
BN S B BRI P S P Re /s (H s
P REL2 CHf, R2 RIS 94.3%, MAE ] &9
Ko IXZR I R RS BE (1) 4/ M0 DN L A0 A AT s PP B9
TR B ) SE b AT R

KA R A 51 S 1 48 25 22 AL BRI 25 208 18 4%
(RHIERAZ S o DO B34 R 50T B 10% 1 540 4 1,
AR 28 SE PR IR T BE N 1%, Bhi, s
B 3R R B RD B R S S,
EEER T Bl 8 10 fitss 55 e
5, FEAVK) MAE & RMSE 2351 FFHZE 6.510 1 A
11.117 2, [Al} R FREE 96.6%. iXFEH, 7 E4i
A RS RA G A, AR AR B AR 3k DL v AR 3
N R BRER R AR ZE . R, Sebs LREE S E
TR RGN, LA RARASE I, XYEiE
S HGIAT & I AR 8 5 R

4 ZEig

A ST 7] K 8 v AR s 48 A 2 B 00 o I
PESHEF TR SCRRTR R, St 7 — A B S XU
B HRE S A IR AR 2 TS T 1. WF 7T AT A
(RIS Itk /B iR i M i BN DA HE S/ FE R A
AR LI 28 R B e A AR AN AR A il L
[, Zia®aeImas, it FTmEER

FITELETER . EEHF RIS FATE.

D) 8 75 L SRR NS & ) PR
DO AR . FEAE A SR el B 5IN T
PR RE RIS & m R T, 8RR, 7
BUE TOUR, AR SCHEY SR T BN R
FEAE 331% AN, HEUORMFERTX T 46 s, 1ELR
B HEORS B BRI, $RF 7 R R 2R T
(Ve

2) T T Y E L R A R BT 2%
(PC-WGAN-GP) [1) H ¥ 3 53 77 ¥« WKAE =46 &
(R*>99.9%)] MLP #J AR HRAAL, X /NI S 4h
FEARO BT TH 78 AR, AR YR
B PVR)EINEZE 0, I TSGR
oA, NE AR I AL T RS A
15 e R R AR

3) MHETETYWHE EERME W%
(PI-CNN) IR FE S #A SR EEAE 2R T SRR . a7
fE45 CNN B rh g NAJEE A 2K bR B0 % B A B L
il 25K AP E REU(R?)IAF] 98.72%,
FHXS P24 %0 1% 72 (RMAE)BE 2 0.034 4, 25 T
PERE A L T A

4) ST BT R SR A SR (CPO) I A i
ZH A R HIE RN G R CPO SRR E 2R 1T
HEAR) 6 MESH. 451K, & CPO Hikfhiik
Ji » CPO-PI-CNN L84 i Pt i 5 15 2 1t — 0 327t
R*i5 99.19%, RMAE #f—#F#{% % 0.026 6.

PR T AR B A B SRR, HA PR
LA WA I AR . AR R FORHR 2R T AL
S AT P B T Rk 22 ELRE R N B0 3 0 S AR 20t
IRk E, DA — 5 0 SRR A A 3 L R Y
VI &R
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