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Appendix A: PV array datasheet

YL 280 P-35b / 1970x990 SERIES

ELECTRICAL PARAMETERS IV CURVES
s :
current
Electrical parameters at STC (1,000 W/m?2, 25°C, AM 1.5 according to EN 60904-3) [A) «
&
Module type YL 260 P-35b | YL 265P-35b YL 270P-35b YL 275P-35b YL 280 P-35b j
3
Power output w1 260.0 265.0 270.0 275.0 280.0 2 1
1 T |
Power output tolerances [%] 43 +-3 +/-3 +/-3 +-3 @ - T rsl]faoe
Module Efficiency [%] 133 13.6 13.8 141 14.4 —1000W/m*  — B00W/m*  — 200W/m?
— 800W/m*  — 400W/m?
Voltage at Pmax, V. vl 35.0 353 353 35.5 35.5
Current at Pmas, |_, [al 743 750 765 715 7.89 - L -
946 mm . Somm
Open circuit voltage V,_ 07] 446 44.6 44.8 45.0 45.0 B 7|
Short circuit current I, [l 8.04 8.15 8.20 8.30 8.35
Max. system Voltage vl 1,000 VDC
E i
Parameters of the thermal characteristics g
NOCT (Nominal Operating Cell Temperature) [°c1 46+/-2 ) oy [
Temperature coefficient beta of I, [1/K1 +0.0006 gram holes £ E £ £
@6 mm E
Temperature coefficient alpha of V., 1/l - 0.0037 ™ g8 g
Temperature coefficient gamma of P, /K1 - 0.0045
A AR
MECHANICAL PARAMETERS
Mounting slots
| A65x8mm |l '
Dimensions (length [mm] / width [mm] / thickness [mm]) 1970/ 990/ 50 g A
Thickness with junction box [mm] 50 B | Sadan gk
Weight [kg] 26.0 f o
Junction box (manufacturer / protection degree / number of diodes) CIXI/IPE5 /& o ——
Junction box Ulength / width / mml) 151/ 122 / 25 o e .
P N
Positive cable & negative cable (manufacturer / length [mm] / Ve ™
cable crass-section [mm?]) CIRI/1:200/ 4.0 ,’/ \‘\
Plug I type [ p degree) MC4 / UV resistance and self-locking / IP67 ‘1’ < \
Front cover (material / thickness [mmI) Tempered Glass, 4.0mm ‘ ; ‘
|
5 Celltype (quantity / technology) 72 / polycrystalline / 156 x 156 ! .‘
S v !
] Encapsulation materials Ethylene Vinyl Acetate (EVA) Y /
H \ /
§ Rear cover (material / thickness [mm]) Le - PET - PVDF / 0.287 \\\ 32 mm
/
Q \\ s
<] i i ~ -
g Frame (material) robust anodized aluminum alloy o SECTIONA-A -
] R B
=) ———
2 OPERATING CONDITIONS . .
a Electrical equipment,
'y N N
% Operating temperature [°€] 4010+ 85 check with your installer
3
- Max. wind load / Max. snow load [Pa] 24K/ 54K
=]
PACKAGING
Number of modules per box 21
Box size (length [mm] / width [mm] / depth [mm]) 1995 /1130 /1,131
Box Gross weight in kg 586
Boxes per pallet 1

* The data does not refer ta a single module and they are not part of the offer,
they serve for comparison only to different module types.

Yingli Green Energy Holding Co. Ltd. Subject to modifications and errors
commerce@yinglisolar.com
0086 - (0)312 - 8929802

‘© Yingli Green Energy Holding Co. Ltd.

YINGUI SEIJLAR

www.yinglisolar.com Power Your Life

141



[Irradiance]

From1

E

Constant

[meas_PV]

link model -Transformerless inverter

imu

S

Appendix B

[meas_PV]

[V_Pwm_GridInv]

i
1000uF L_u

Input

Filter \._r

1

[Grid_Inv_Vout]

[Grid_Inv_lout]

Grid L I_AC_Grid

Grid Inv
PWM GidN  V_AC_Grid
Generator
Grid new

[DC_Fault] >

0.0001 MPPT Step

MPPT Step

V_DC_MPPT

MPPT Reference Generator
(P&O)

H Bridge AC Voltage
Ref
H Bridge AC Current
PWM Carrier
_IFI Bridge DC + IN Ref Waveform
V_In_DC
H Bridge AC L
—=&-H Bridge DC + GND
H Bridge AC N
P Fault Trig
L { alpc+
L aloc- VinDCl >
DC_Fault

I out

Vo

1d_Ref

Ig_Ref

Vpwm

Single Phase DQ controller

Main
Breaker

[I_AC_Grid]

[Household_VLoad]

Household AC Voltage
Main breaker

Household AC Current

Grid L
Household L
Grid N
Household N
Household

V_DC_PV_Mean

[AC_A_Household}>

L—a|Load L
Household Load
—Aa|Load N
_— Non Linear

Load

_Fault_Household]

Fault Trig
ACL

[Vin_DC] >

,@

Mean

[V_DC_MPPT] V_DC_MPPT

» = »{ Vin_DC_Mean

Id_Ref

V_DC_Error

MPPT Controller

AC N
AC_Fault

142



ter (load at grid side)

inver

link model-DAB i

imu

S

Appendix C

[S1_gatepulse]

[S3_gatepulse]

[S4_gatepulse]

[S2_gatepulse]

Temperature

HFAC Current Port 1

st
HFAC Voltage Port 1
s2
[meas. PV} DC Current
DC Voltage!
DC+IN
[irradiance]
HFAC OUT
—8|DC IN GND
HFAC OUT GND

THFAC_I_port1]|
<gFAc_V_potl

H Bridge (PV Panel)

[DC_Faul] Fault Trig

Lt—a|DC +

L=|DC -

DC_Fault

PV

MPPT Step

HF Transformer

V_DC_MPPT| [V_DC_MPPT]

Goto13

Constant1

PV measurement

MPPT Reference Generator

[Grid_Inv_ILoad]

Inv_VLoad]

lout

Vo Vpwm
ld_Refl T L——p{Id_Ref
From23
Single Phase
[ole}
controller

From25

[V_DC_MPPT] V_DC_MPPT V_DC_Error

From21

1d_Ref]

Goto14

[V_DC_Error]

Goto44

B——a| HFAC IN 1

uL'n HFAC GND 1 DAB OUT GND B—

[HFAC_V_Port2]

[V_Pwm_Gridinv]

[lout_DC_Grid]

s3 HFAC Voltage Port 2

load_DC_Grid]

sS4 DC Output Current

1000uF
Output

DAB + OUT|

_In H Bridge DC + GND

—
H Bridge (Grid)

Household_VLoad]

Household_ILoad]

_Fault_Household]

[AC_A_Householdl>

From3 LoadL
Fault Trig 2500w Load N
AcL 1550VAr )
Non Linear
AC N Load(2500W)
AC_Fault ._

AC_B_Household_NL[>

H Bridge DC + IN

[Grid_lnv_ILoad]

H Bridge AC Voltage

[Grid_Inv_VLoad]

Grid Inv
HBridge AC Current WM
PWM Carrier Generator ) iq |LAC_
Ref Waveform
V_In_DC
—alGridN  V_AC_
H Bridge AC L
H Bridge AC N Grid new 1

Phase_Adjust_PV_G]|

Phase Adjust PV_

V_out_DC_Grid

Dual Active Bridge Controller
(DC Voltage)

)

Household AC Voltage
Main breaker

Breaker
H hold AC Ci it
ouseho! urrent (Household)

Grid L

Household L
Grid N

Household N

Housenold

s2

Phase Shift Adjustment

Error PV_G [Error_PV_G]

[Phase_Adjust_PV_G]

Phase Shift Adjustment (PV-Grid)
s3

sS4

[S4_gatepulse]

Gate Pulse
Generator

143



ter (load at PV array side)

inver

link model-DAB i

imu

S

Appendix D

(S3_gatepulse]

[lout_DC_Grid]

[S1_gatepulse]

[S2_gatepulse] s1
g
s2
Goto
[irradiance] __
$-a| DC + IN
1000uF |
By ‘ T
Temperature i bC IN GND

HFAC Current Port 1 s3
AFAC_I_port1]

HFAC Voltage Port 1

s4. )

gFAC_V_Port1]|

DC Voltage!

Fault Trig

oC +fp—

—
H Bridge (PV Panel)

HFAC Voltage Port 2

%L_alHFACIN 1
HFAC OUT 4 2
HFAC OUT GND [o—a &—a| HFAC GND 1 DAB OUT GND

IV_Pwm_Gridiny]

DC Output Current;

DAB + OUT|

HBridge AC Voltage

H Bridge AC Current

1000uF | PWM Carrier
Output
Filter T~ Voltage H Bridge DC + IN Ref Waveform

Measurement1

H Bridge AC L

rid Inv PWM
Vinpc| Generator

[Grid_Inv_VLoad]

Gotob
[Grid_Inv_ILoad]

Goto8

Grid L 1_AC_Grid

H Bridge DC + GND
_L. H Bridge ACN

HF Transformer

< load_DC_Household]

H Bridge (Grid)

[V_Pwm_Houselnv[ >

[ 1_load1

DC_Fault

DC_A_Householdl>—{ DC_A_800W

DC_B_700W

[DC_C_HouseholdL>

DC_C_500W

DC+

DC Loads1

Ref

/_out_DC_Householzs

Goto33

H Bridge DC + IN

Voltage
Measurement2

H Bridge DC + GND

PV measurement

[meas_PV]

From55

PV V_DC_MPPT_Ref|

MPPT Step

MPPT Step

MPPT Reference Generator1

[Phase_Adjust_PV_G]

Phase Shift Adjustment (PV-Grid)

Gate Pulse generator

MPPT Controller

[Grid_Inv_ILoad]

[Grid_Inv_VLoad]

[V_DC_Error]|

GridN  V_AC_Grid

[LAC_Grid]

Goto37

Goto36

Grid new 1
[Household_VLoad]
Load]
HBridge AC Voltage
H Bridge AC Current
Vﬂ«@ proaker4 reaker5 " Fault_Household]
PWM Carrier r—
[AC_A_Household]
Ref Waveform Fault Trig
From20 From66 Load L oL
H Bridge AC L
Series RLC Load8 ACN
AC_Fault
H Bridge AC N Load N ,_Faul
M NL_Load

Phase Adjust PV_G

V_out_DC_Grid

{Phase_Adjust_PV_G]

Phase Shift Adjustment

Eror PV_G
Lyl _m:oEu<\m_—

[V_Pwm_Houselnv]

(DC Voltage)

! | out

Vo Vpwm {V_Pwm_Gridiny]

Household_VLoad]

—p V Household  Vpy

Single Phase DQ controller

Household Voltage Controller

144



Appendix E: MATLAB code for the mathematical model of the TAB

clear all

clc

syms n t

syms V_h % comment out when plotting household side voltage

$no of Fourier terms
N=30;

$winding resistances
R pv=10e-3;

R h=10e-3;

R g=10e-3;

%leakage inductances
£=20000;

L pv=25e-6;

L h=25e-6;

L g=25e-6;

%phase shifts

delta pv=30;

delta g=60;
delta h=70;

RL g=10;
RL h=10;
C g=le-3;
C_h=le-3;
V_pv=420;
% V_h=350; %uncomment when plotting currents
V g=350;

%$Hz to rad/s

Ws=2*pi*f;
W= (2*n+1) *Ws;

$delta pi transformation

Zpvh=((R_pv+j*Ws*L pv)* (R _h+Jj*Ws*L h)+ (R _pv+]*Ws*L pv)* (R g+j*Ws*L g
)+ (R_h+j*Ws*L _h)* (R _g+j*Ws*L g))/ (R _g+j*Ws*L _g);
Zpvg=((R_pv+j*Ws*L pv)* (R h+j*Ws*L h)+ (R pv+j*Ws*L pv)* (R _g+j*Ws*L g
)+ (R_h+3j*Ws*L h)* (R_g+j*Ws*L g))/(R_h+j*Ws*L h);

Zgh=((R pv+j*Ws*L pv)* (R _h+j*Ws*L h)+ (R pv+]*Ws*L pv)* (R g+j*Ws*L qg)
+(R_h+j*Ws*L _h)* (R_g+j*Ws*L _g))/ (R _pv+tj*Ws*L pv);

Rpvh=real (Zpvh) ;
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Rpvg=real (Zpvg) ;
Rgh=real (Zgh) ;

Lpvh=imag (Zpvh) /Ws;
Lpvg=imag (Zpvg) /Ws;
Lgh=imag (Zgh) /Ws;

$deg to rad transformation

d pv=delta pv*pi/180;
d h=delta h*pi/180;
d g=delta g*pi/180;

$mathermatical model

Zn_pvh=(sqrt (Rpvh”*2+ ((2*n+1) *Ws*Lpvh) ~2)) ;
Psin pvh=(atan(((2*n+l) *Ws*Lpvh) /Rpvh));
Zzn_gh=(sqgrt (Rgh”2+ ((2*n+1) *Ws*Lgh) *2)) ;
Psin_gh=(atan(((2*n+l)*Ws*Lgh)/Rgh));
Zn_pvg=(sqrt (Rpvg”*2+ ((2*n+1) *Ws*Lpvg) ~2)) ;
Psin pvg=(atan(((2*n+l) *Ws*Lpvg) /Rpvyg)) ;

IL_pvh_tot=((1/(2*n+1))*((((V_pv)/Zn_pvh)*sin((2*n+1)*(Ws*t—d_pv)—
Psin pvh))-(((V_h)/(Zn_pvh))*sin((2*n+1l)* (Ws*t-d _h)-Psin pvh))));
IL pvh=(4/pi)*symsum(IL pvh tot, n, 0, N);

IL pvg _tot=((1/(2*n+1))* ((((V_pv)/Zn pvg)*sin((2*n+l)* (Ws*t-d pv) -
Psin pvg))-(((V_g)/(Zn_pvg)) *sin((2*n+l)* (Ws*t-d _g)-Psin pvg))));
IL pvg=(4/pi)*symsum(IL pvg tot, n, 0, N);

IL gh tot=-((1/(2*n+1))*((((V_h)/Zn gh)*sin((2*n+1l)* (Ws*t-d h)-
Psin gh))-(((V_g)/(Zn_gh))*sin((2*n+1l) * (Ws*t-d_g)-Psin gh))));

IL gh=(4/pi)*symsum(IL gh tot, n, 0, N);

$transformer output and input currents

IL pv=(IL pvg+IL pvh);

IL h=(IL pvh+IL gh);

IL g=(IL pvg-IL gh);

IL_pv_sW_tot:(l/(Z*n+1))*sin((2*n+1)*(Ws*t—d_pv));
IL pv_sW=(4/pi)*symsum(IL pv sW tot, n, 0, N);

IL_h_sW_tot:(l/(Z*n+1))*sin((2*n+1)*(Ws*t—d_h));
IL h sW=(4/pi)*symsum(IL h sW tot, n, 0, N);

IL_g_sW_tot:(l/(Z*n+1))*sin((2*n+1)*(Ws*t—d_g));
IL g sW=(4/pi)*symsum(IL g sW tot, n, 0, N);

$converter output and input currents

IL pv _out=IL pv_sW*IL pv;
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IL h out=IL h sW*IL h;
IL g out=IL g sW*IL g;

_simp tot=(1/(2*n+1)"2)* ((V_pv*cos((2*n+l)*(d pv-

)+Psin pvh)/(Zn _pvh))-

_h* (((cos(Psin_pvh))/(Zn_pvh))+((cos(Psin_gh))/(Zn_gh))))+(v_g*cos
2*n+1) * (d_g-d _h)+Psin gh)/(Zn_gh)));

_h simp=(8/(pi”2))*symsum(I_h simp tot, n, 0, N);

D“D“

I
d_
(
(
I

I g simp tot=(1/(2*n+1)"2)* ((V_pv*cos ((2*n+l)*(d pv-

d g)+Psin pvg)/ (Zn_pvg)) -

(V_g*(((cos(Psin pvg))/(Zn_pvg))+((cos(Psin gh))/(Zn gh))))+(V_h*cos
((2*n+1) * (d_h—d_g)+Psin_gh)/(Zn_gh)));

I g simp=(8/(pi”2))*symsum(I g simp tot, n, 0, N);

o°

fplot (IL pv, [0,0.0002]) Suncomment to plot currents
hold all

o\

o\

%$household side and grid side voltages

V.h ¢ = -((V_h)/(RL_h*C h))+(1/C_h)*IL h out; $comment out
when plotting currents
V_h csimplfd = -((V_h)/(RL _h*C h))+(1/C_h)*I h simp; $comment

out when plotting currents
V.gc=-((V_g)/(RL_g*C g))+(1/C_g)*IL g out;
V_g csimplfd = - ((V_g)/(RL_g*C g))+(1/C_g)*I g simp;

opts = odeset ('MaxStep',50e-8);
F = matlabFunction(V_h c¢,'vars',{'t','V_ h'});
[t,V_h] = o0dell3(F,[0 0.2],0,0pts);

plot(t,V_h)
hold all
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Appendix F

(S3_gatepulse]

[S1_gatepulse]

$3 HFAC Voltage Port2

[HFAC_V_Port2)

[lout_DC_Grid]

s4 DC Output

HFAC IN 1 DAB + OUT|

H Bridge AC Voltage

HBridge AC Current

10000F | PWM Carrier
Output H Bridge DC + IN
Fier T =
Voltage Ref Wavefor
Measurementt

[S4_gatepulse]
(S2_gatepulse] HFAC Current Port 1
st
HFAG Voltage Port 1
Lyls2
oC Current
DC Voltage|
oC+IN
1000w |
Input
Fior T HFAC OUT]
Temperature 1
DC IN GND
HFAC OUT GND|
F Bridge (PV Panl)
o Fau Py Faul Tig

HF Transformer

[S5_gatepulse] 1
[S6_gatepuise] y

s1 [S1_gatepulse]|
| HFACIN1  DAB+OUT
[Phase_Adjust_PV_G] Phase Shift Adjustment (PV-Grid) 52, 152_gatepuisel
From11 s3 [S3_gatepulse]
84 [S4_gatepulse]| L——a| HFAC GND 1 DAB OUT

Phase Shift Adjustment (PV-Household) S5 [S5_gatepuise]|

Phase_Adjust_PV_H]

Fromad s6 [S6_gatepuise]

Gate Pulse generator

Phase_Adjust_PV_G]

Phase Adjust PV_(

Phase_Adjust_PV_H]

[[V_out_DC_Grid[>— v_out DC_Grid

Phase Adjust PV_H

Error PV_G
[[V_out_DC_Household]

V_out_DC_Household
Phase Shift Adjustment

[Error_PV_G]
[Error_PV_H)

Error PV_H

Tri_Active Bridge Controller
(DC Voltage)

HFAC GND 1 DAB OUT

H Bridge (Grid)

S5 HFAC Voliage Port 2

s6 DC Output Current

H Bridge DC + GND.

[Grid_Inv_ILoad]

GidL  ILAC_Grid

Grid Inv PWM
Generator

GridN  V_AC_Grid

H Bridge ACL

HBridge ACN

T

[vPam_ouseima

[oC_A_Househaiz—b{oc A aoow
0c_8_ 700w
[oC_C_ousendge- »{oc_c_soow
oc+
oc-
DC Loads1

[[V_out_DC_HousehoRs
Goto3a

Voltage
Measurement2

H Bridge (Household)

1d_Ref

0.0001

Constant12

Single Phase DQ controller

[Household_VLoadl>—# Vo

Vowm _Pwm_Houseivl| [Ty pc_wper)

Household Voltage Controller

Grid new

[LAC_Grid)

Goto37

V_AC_Grid]

[Household_VLoad]

[Household_ILoad

H Bridge AC Voltage

H Bridge AC Current

PWM Carrier
HBridge DC + IN
Ref Waveform

H Bridge AC L
H Bridge DC + GND
H Bridge ACN

s

[AC_A_Housenoid] -]

From20
Series RLC Load8

Breakerd

Golo13

MPPT Reference Generator

[ wnoo  -slvoc 14 Ref| 1d_Ref]
—» VDG MPPT VDG Erorf < [V_DC_Error]

MPPT Controller

AC_Fault
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