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v ZRAOCREAR S MPPT L35 3R MR

2.1 MPPT HjE X

MPPT (Maximum Power Point Tracker) s&YGARIGAZZZVEAN B IETEAR, HEREMT FIIGRIV AR S
MPPT R ik 99. 9%LA .

BAVSC B TL5K R T AR it e B AR AT 4 2 MPPT?

N2 Keysight DGI000A £ 8% Y6 ARABH A B e e AR Fa b 246 TV A PV B 2R RNBI R )
M. B =AY SRS (L0, V/I/P BERFIFRX (5, 1-V, P-v 21X (R
B.

15.04451

5.044

Advanced 15.0445  11.
3 15.04449 141.21

Beta

=
g
5
o

0.25
-0.38
-0.50

0.00
0

AR R R AT RE R AR, SRR B . ARtk i, AR T

> | 4 Pmax
\'Isc

YATAYA )
Re .
SR,
lld Ren . ./
- 0 Voltage >

Solar cell I-V curve

FEeAR R I-V i B, JREER=/A CrMIFE0, VU425 Isc/Voe/Imax/Vmax):

Current

MRS, HE = 0V, HJR = Isc
JF# . HJE = Voc, H = 0A
ARIRE: HBJE = Vmax, HA = Imax, IhZE = Pmax




IS, b2 b FC A R R B R AR A 5O

WEAT, eSS HETEAE Isc, Voc, Imax, Vmax, HEA] LATHE H M OV 2 Voc Fid L EF TR
H, FEINZH A REI L. AT n BN 1024, WA EEREIIZSE n=256 5% n=4096.

|-V table with n current and voltage pairs

Current 0 |2 |3 |4 |5 |5 |7 . |n_'| |SC
Voltage Voo Voo Vg3 Vg V5 Vg V7 o o g 0
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2.2 MPPT B3R

bk,

MPPT At A2 B U0 IE ' AR T AR 25 1 75 RE W6 18 R AT Z PR R LE DG AR r it i KA D) i

Pmax, &7y DGI000A BRAF FGAR il 26 AN 2 i AR o TAF /. (205D A 2R
@ Inverter Measurements

“’L" @‘ MPPT 1

Current (A}
12.08

10.74
9.40 -

Power (W)

12600.00
11200.00
- 8800.00

- 8400.00 I
Total Input P () /
) ‘otal Input Power (P) / \

0 11993.27 W 0994 % )
- 4200.00 y

- 2800.00 Total Theoretical Maximum Power (Pmp) . /"

1400.00 12000.00 W

0.00 Inverter efficiency rating

S =

i
1000

00
Voltage (V)

MPPT JUAHS 75 B Ad FH mT ARG AR R E B YR GEH 2 NGRS, a1 2R L1 BE4360A,
N895TAPV, PV8922A &%) , FFHC A AR 4LL 28 42 il Al & 3014 58 i B 4% 1 255 MPPT 2R M & .

DG000A
HAKAEIRE $ A

200000V 1000004 | — = « = »
e . . .

PV8922A 2000V, 30A, 20KW KAt s

2 L8 B FH Y6 RS 2GR Vb T A SR A8, BB — RN FE. By BRI sR R AR L
RS, AZBAR Yo AR 0075 S 7E S PP 244 R 19 MPPT 260K . [RItk, YefRisAs 84T Wb b2k MPPT Wit 4y
i #2S MPPT FIBhaS MPPT, SRFRIRSAFIIME (RED |, IR HZEE A MPPT 2% 1(H .

U1 CGC 5E LM ISR EEXT N R AL, T3 = 1.0 FoRismt kAT, XN

HABCN0.15(15%), 0. 75 JEHRHEEE AL E N 37%.
o [E A PHEE FIE X AR F P25 M RN E R

WE Acee-1 Aosc—2 Blocc-3 acoc-4 8loce-5 acoc-6 8loee-7
R 0.02 0.03 0. 06 0.12 0.25 0.37 0.15
MPP-1 MPP-2 MPP-3 MPP-4 MPP-5 MPP-6 MPP-7

ik =)
0. 05 0.10 0. 20 0. 30 0. 50 0.75 1. 00




221 #&75 MPPT W&

BN DG8900 A MPPT ARSI, e REARTEEISR, K LSRN & 6 AR F I AE 5%,
10%, 20%, 30%, 50%, 70%, 100%HT ] MPPT R4Z, 4454 bR AER EE R ECHH IR
Control Curve Workspace MPPT Eff?c'lency

I-V Curve
13 -

<
=
[=
e
=
=
(&}

50 50
Voltage (V) Voltage (V)

Custom Static MPPT Custom Dynamic MPPT

20 % 25 %

99.899 99.933

RT3 I R R D R R 4 THI () PP 1 AR B RS MO IR 2T, DGI000A B4t T 6 I sRE
45 (SCALE) Thig. TAEIMAT PA—4=0ik & BTG EeRE, an N EIEEER] 5% (BP 50 W/m2) .

Modeling |EEE‘ MPPT 1

m Current (A) Power (W)

11.08 - = 10500.00
Model Parameters -9333.33

Source Voc[V] Vmp[V] Isc [A] Imp [A] Pmp [W] = 8166.67

Sandia  1,161.18 1,000.0  10.549 10.0 10,000.0 = 7000.00
- 5833.33

- 4666.67
= 3500.00
- 2333.33
- 1166.67
- 0.00

Open in workspace
Scaling
Method:  Environmental
Start
Iradiance [W/m?]: | 1000
Temperature ['Cl: | 50 10|00

Slew Time [s]: 0

- Applies the scaling parameters

LA 18 AOFRAE R e R0 AE 25158 45 MPPT R (I, SR T S8 i ARG AR Rt i 2 37 5t B LU AR
HEE LEIRINZ o 0 ESCHR BR300 AR B it M TR I, v sQI AR 88 AR S AR KO TR B,
SRS 't R R A B i 5 8 it 2 AN ) O R iR BE T o, e KB sl Pma X R L Vmax 2 ROK
2.



. 70 % Ch (BH & R
e —iegt 4 i i P +
b - 0% - P ~ E&:l ]:ﬂ:l
- Loawn— Lt L
B Bl B - |5 5 O O O
W 50 % T T >
2 B Pt - 2 P>
o

®—, FTE®

B

50 K
Voltage (V)

TR R AL ¥ Vmax 224k JRIFRIE AN ) Vmax 284k

A
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M KEYSIGHT S
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DG9000A

FARAEILE A PV8922A, 2000V, 30A, 20KW £ AL 4L % AKERS

N B, R B R FOCRIE AR B R SIS 1 TR S, BRI KL 72%01
MPPT 2%, FERCH _FIAH i (SCALE), Al & fE B e RIAL 53 H I AR 4 i S R

Current (A)
22,08

= E
19,61 3 3 Modeling @ MPPT 1

17.16 =

3 Current (A)
1 : M 22,06 -

1226 Model Parameters
9.80

7,35~ : Source  VocIVl Vmp[Vl Isc[Al Imp[A] PmpW]

490~ - 1590.34
245 79517

Custom 52233 346.18 21.01 19.689  6,815.76

0.00 i 0.00 Open in workspace
0 0 300
Voltage (V) Scaling

@ E verte T Method:  Percentage v

Start

Current [%]: 10
Voltage [%]: 100
Total Input Power (P)

Slew Time [s]: | 0.1
4957.65W

Total Theoretical Maximum Power (Pmp)

6815.76 W

Inverter efficiency rating




Irradiance G /| W/m?

222 Fh7S MPPT MIE

A MPPT PPAN7E G IR 58 B ) 25 A i AR R IV AR 25 MPPT JBEZPERE, FrvEEE L T BU R =FAS
[71] e S A 3o 2 1 S«
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’ 0 500 1ooo‘ 1500 2000 2500 = i W Bl 12x (15/5H/1550L)
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B T OISR FENRE A YE L, il 8 SR AR R R FNGE BN R, P53 IREL,  SEA5ITH],
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N, EERFER 6987 B (£ 2 /B,

30%—> 100% 47/ EHR BB B 551 T BZS I K TR SR BRI 3 53R

ﬁﬁ?flz [Zijﬂ\j( A a]
W/m’ W/m’ °

300-1000 700 300

P a@r% EFtEral e | BEEARTE) € | FRERTE] € | BEBHETE) €. | $FEET[E —

W/m/s S S S S S

10 10 70 10 70 10 1 900
10 14 50 10 50 10 1 500
10 20 35 10 30 10 1 200
10 30 23 10 23 10 967
10 50 14 10 14 10 780
10 100 7 10 7 10 640

SR E]. 6 987

10 Kk 4E3R X (EFhediE 708 + 32 B408] 10S+ T 4818 70S+3% 9 B8] 10S) + S 45018 300S = 19008
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Estimated Time: 07:00:46
Time Running:  00:00:00

EN50530 Dynamic MPPT Custom Static MPPT Custom Dynamic MPPT

Luu-ouu v 1lu
Status:
100-500 10 14
Progress:
100-500 10 20

100-500 10 30 Start Test

100-500 10
Measurements

300-1000 10 Log

300-1000 10 Vmp: 100.00 V
Imp: 10.05 A
Pmp: 1005.28 W

300-1000 10

300-1000 10 Voltage: 101.6 V

300-1000 10 Current: 9.87 A

300-1000 10 Power: 1003.39 W

Meas Energy: 2.6917 Wh
10-100 1
MPP Energy: 2.6936 Wh

an BRI, FeA IR ENS0530 ARt e LIS EHAT, XK THER UL P OIS TR 1, SR 23t
RANRIERE, FZEEAREIE A ) BT . DG8I00 B REF A H aE X EhAS MPPT MR ThAE, 2K
Thge fovr A BRI H A2 R R AR E XA, BT/ N B /SRR I A], AR AL, e AR E R
JE R AR -

AFF AN AR AT DU A S E, s it B2, (RIS my DA & P fili v 1 R g S, T SEBR
Y S AR REVEA
EN50530 Dynamic MPPT Custom Static MPPT Custom Dynamic MPPT

Enable  From (W/m2) To (W/m2) From (°C) To (°C) # Cycles Ramp Up (s) Dwell High (s) Ramp Down (s) Dwell Lc

100 500 25 25 2 800 10 800 10

200 900 25 50 3 800 10 800 10

Add Test Step
Insert Test Step
Remove Test Step
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FMICARIF AR KT, S GARTAL 28 i AR PRI e 3% C 22 ik 99%, MPPT 2R %
ik 99. %A b a2t ?
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R . .
N 0% o—., =uE
- B — T
nz- .
- _I.|_..l__‘ . 70 % S

L e
Vv

DGIO00A e RAILL 38 4 SCFF 2 IA 12 BT MPPT SN, DA K R G Y6 ARASEHUURT MPPT (3% 82 7
o AN AR AT DUSEDAE 5 A6 AR L b R 1) S5 5 B A 75 100«




PV Simulator - MPPT Output Modeling @ MPPT Measurements v

PV Sim1 Connected MPPT + Vdc[v] Idc [A] Pdc [W] nl% Vmpl[v] Imp [A] Pmp [W]

121.4 9.878 1,199.19  99.93 1200 10.0 1,200.0

PV Sim2 C Connected

120.8 9.932 1,199.73 9998 120.0 10.0 1,200.0
PV Sim3 Connected

118.64 10.11 1,199.34 9995 120.0 10.0 1,200.0
PV Sim4 Connected 121.29 9.888 1,199.33 9994 1200 10.0 1,200.0

121.14 9.902 1,199.47 9996 120.0 10.0 1,200.0
PV Sim5 Connected ’ -

121.67 9.854 1,198.87 9991 120.0 10.0 1,200.0
PV Simé Connected

118.29 10.136 1,198.96 9991 120.0 10.0 1,200.0
PV Sim7 Connected 122.01 9.822 119835 99.86 120.0 10.0 1,200.0

PV Sim8 Connected 119.2 10,065 1,199.79 99.98 1200 10.0 1,200.0

Connected @ Inverter Measurements

Connected

Connected
//—\\

N

\\

99.95 % )

Ve
/
N yd
14400.00 W T
Inverter efficiency rating
I

PV Sim12 {05 Connected Total Input Power (P)

y
14392.83 W (

Total Theoretical Maximum Power (Pmp)

FB 1 B SRS MPPT — X ROER:

o

| e

FB 2. AR ENIFIUE, FEFREREBDE RS0 MPPT, BAUE A6 IRIZ .

» MPPT, —
'
" L AC ‘ -
—
L] |
»{ MPPT; :
l
|

Z % MPPT #hZE [F D487 (SCALE) , FFH BSR4 1-V #2822t 2 il JE A



KEYSIGHT

File PVModel Tools Help

Test1 (i Terminate PV Simulator « MPPT  Input Output Modeling m MPPT 2

Current (A) - Power
Connected

10.92 - = 11022.31
Global Control

PV Sim2 {05 Connected 8.713 - 9797.61
Disable all PV simulator outputs. i

o ad Model Parameters - 8672.90
Disable All Outputs onnects

= 7348.
Source  VocVI  VmpIV] isc[Al Imp[Al  Pmp W] oD
g Connected - 6123.50
Start or stop scaling on all PV simulators. ENS0530 140131 111913 10404 938 10,497.43

STOP ALL

4898.80
Open in workspace 3674.10
Scaling 2449.40
Data Acquisition Method:  Environmental 1224.70
Name: Data Logging- 001 Start i = 0.00
Irradiance [W/m?%: 1000

0 1 . Temperature ['C]: | 25

"] Run continuously Slew Time [s]. 10

Samplerate: 200 ms

Total Input Power (P)
20165.54 W

Total Theoretical Maximum Power (Pmp)
20181.30 W

Inverter efficiency rating

BUE AL BN R G Sy 50mS, TREITv] e AR = i s i 1a] B 3, R oA 4 % MPPT,  MPPT1 R4
A, MPPT2-4 #ZIEA[FIFIFARLE, 2% MPPT R Fi AR 2847 MPPT 08 % .

KEVSIGHT
Data Acquisition 3 odel Tools  Help

3MPPT Log Terminate | pySimuator + MPPT oupt Modeing [

Cutent (4
comecos[on (]

1092 -
Global Control

Connected on h’l‘ o7
1 B able all PV simulator outputs. ‘

= | Model Parameters

Disable All Outputs. 5 Connectod | on
i Source VocM  VmpM lscIAl ImplAl  PmplWl
| Run continuously 5

Pusima £ 4 ’ Connected [on
Start o stop scaling on al PV simulaors.

STOP ALL

140131 111943 10404 938 104

Open In workspace

Environ gt
Data Acquisition 1224.70
Name: Data Logging: 001 stop 0.00

To| 100

o = 0 2 To

] Run continuously

Samplerate: 200 ms

Scaling TotalInput Power 7)
20165.54 W
Method:  Environmental

I Theoretical Maximum Power (Pmp)

20181.30 W
Start

Inverter efficiency rating
—_—

Irradiance [W/m?]: | 1000
Temperature [*'C]: | 50
Slew Time [s]: 20|
Scaling
Method:  Er Imenta
Start
Irradiance [W/m?]: 1000
Temperature [* 50

w Time [s]: 30




Data Logging- 001-Scale all - Fxcel

X TR WA Tmem A B8 wR O fE 8D 't 15t

= [H
JEA B 8L

nFAT 5y

BE BF BG
I« MPPT2 Pc MPPTZ Vr MPPT2 Im
98.455 111813

1401.3] 10404 95

Total MPPT Eff [%]

743 140131 10404 99931
140131 10404 3
140131 1040

9.
9.
9
g 3 140131 1040

59.934 9 111913 938 10497.43
1-5¢

LR By H s o R TS 7 ) bl 2t RN Bk B R . H A T b R R A G AR AR AR F R H
TRFEA ARG AR 0. 1% 2 0. 2%, DL NS9STAPY, 1500V, 30A , 15KW Ytk g Af, HHE
FERECL. 5V (0. 1%FS), RS E<60mA (0. 2%FS), HR%TELIM78 MPPT 33 99. 90% B 1= L2152

Programming accuracy (23 °C £ 5 °C)
Voltage

<15V
Current <60 mA
' Measurement accuracy (23 °C £ 5 °C)
Voltage <15V
N8957APV Photovoltaic Array Simulator Current <60 mA

R, BEERFERTULA 1500V Yetk 2% d, 1500V ZHIFEHE Voo, HE K TA/ES Vmax HA
1100V A£45. WS E K TAE A Vmax 1500V, Voc FF3& HL R &k 3] 2000V,

Source Voc [Vl | Vmp[V] Isc [A] Imp [A] Pmp[W] Voltage Scale [%] Current Scale [%]

Sandia 1,500.4 | 1,100.0 10.956 9.091 10,000.0 100.0 100.0

Source | Voc [Vl & Vmp[V] Isc [Al Imp [A] Pmp [W] Voltage Scale [%] Current Scale [%]

Sandia 2,046.0 | 1,500.0 8.034 6.667 10,000.0 100.0

100.0

SRR BT R GRS 2% PVB922A 2000V, 30A, 20KW, Fi- 7RI YGAR AR 28 H R FIUkS BEHE A -
A 2000V HLESES, 0. 04%F) B R 0. 03% L iy A AP 205 B,  CRUEYGARBEIL B fan H TEAS HERY T
V 28 A MPPT USRS E, B 1 ARIBAZ 8 MPPT FAL 4R IR T o

PV8922A
BEAEE 2000V
—— S ‘ NN 30A
2000.00V 10.0000A ?: .j l‘ %kﬂjl—%—; ZOKW
HERH/ NERE 0.04% + 150mV
Hmad/ NERE 0.03%+2mA
B ESURVrms 400mv
BRSUE Irms 15mA
BEDHEE 20mV
B EE 0.6mA
PV8922A 2000V, 30A, 20KW BE FR/ R (S5 02mS / 0.2ms
B Y TR iE 0.1mS / 0.1mS
B 71 7 B /) 0.3mS




2.4 F{- PV8922A/N8957APV JNEEE X MPPT iZEXLER

FAGXTEL T S MRE PVB922A 5 N8O57APV HBE. HIR, SUKRRE, BAMNEZIMBASEIER,
FIZIRERS MPPT (9 S = (100%, 75%, 50%, 30%, 20%, 10%, 5%) BUMEINERIFE, B MPPTiRE.

BITXFEE, &I N8ISTAPV JLARAZIIEE MPPT iRZEE 0.5%IM £, BH7E 5% 7z &M MPPT IRZEEL
KE] 4.15%, BB MPPT B9dS = EAE M,

M PVB922A 7E 50% I Ef#E AR, MPPTIRZE/NF 0.1%, BIF7E sui s Sth RE 0.218%R %,

HLWNE, VIR IERHE 7 P wiw. keysight. com, BRECHRERHRS L 800-8100189.

PV8922A N857APV
RABE 1500V
RABER 30A
BRANE 15KW
BEmEEE 1500mV
HREEEE 60mA
BENEHEE 1500mV
HANEEE 60mA
B ESUE Vrms 400mV
HSRSURK Irms 26mA
HEDHE 61mvV
IR PR 2mA
B & EFH/ TRERE (%K) 30mS/10S
B RIRAET &
B 3% b FH/ TR A ] &
EEN ISR 1.5mS
BERE vs BEE V  %004% +150mV 1.5V
1500V 1.5
1000V 1.5
500V 1.5
BREE vs BRE 0.03%+2mA 60mA
30A (100%) 0.06
22.5A (75%) 0.06
15A(50%) 0.06
9A(30%) 0.06
6A (20%) 0.06
3A (10%) 0.06
1.5A(5%) 0.06
ThR¥EE / MPPT iRZE (Vm=1000V) [(v+Erm) *(1 + Err) - Pout] /Pout ( %)
1000V X 20A = 20KW /
1000V X 15A = 15KW  (50%)
1000V X 9V = 9kW  (30%) 0.818
1000V X 6A = 6KW (20%) 1.151
1000V X 3A =3KW  (10%) 2.153
1000V X 1.5A = 1.5KW  (5%) 4.156
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