
 
KERYS 

 
September  2003 

 

  

Regulation Module 
 

Technical documentation 
 
DSF Technologies SA believes that all information provided herein is correct and reliable and reserves the right to update at any 
time. DSF Technologies does not assume any responsibility for its use unless otherwise expressly undertaken. 

Z190001D.doc 
 

DSF Technologies S.A. 
Allée Charles-Victor Naudin - Zone des Templiers - Sophia Antipolis 

06410  BIOT  -  FRANCE 
Téléphone :  + 33 (0)4.92.38.88.20 - Fax :  + 33 (0)4.92.38.98.89 

Internet: http://www.dsf-tech.com 
Société Anonyme au Capital de 200.000 Euros  -  RCS Antibes :  390 976 116 

 



KERYS Regulation Module  Technical Documentation - A44Z190002-D  page 2/118 

 

 

NOTE :  
It is recommended to read the totality of this handbook as well as the other publications relating to the 
installation, the operation and the maintenance of this product. It is important always to respect the instructions of 
installation relating to the environment of the product. Not respecting the instructions can cause personal and/or 
material damage. Contact DSF to obtain more information on the possibilities. 

 

Documentation list:    
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1. Information  
 

1.1. CEM directive of the European Union  
 
 The Regulation module of KERYS (réf. A44Z1) is declared in conformity with the provisions of  the Council 
Directive of the European Union  from May 3, 1989, concerning the approximation of the laws of the Member States 
relating to Electromagnetic Compatibility (39/336/CE) (J.O.C.E of the 23.05.89 L-139/19-26)  
 
This conformity is supposed by the reference to the specifications and the following tests:  

 
• NF EN 50081-2: Generic Emission standards  –  December 1993  

EN 55022  
 

• NF EN 50082-2: Generic Immunité standards  –  June 1995  
EN 61000-4-2, 61000-4-3, 61000-4-4, 61000-4-5, 61000-4-6, 61000-4-8, IN 61000-4-11  
 

1.2. Conformity UL (the USA & Canada)  
 
 The Module of Regulation KERYS   (réf. A44Z1) is declared conforms to  recommendations UL508 standards. 

 

2. Description of the module  
 

2.1. General  
 
The Regulation module of KERYS (réf. A44Z1) is part of the system of management of power generating unit 
modular  KERYS.  
Its role in the total system is multiple:  
 

• Physical control of the primary regulations speed and voltage  
• True measurements RMS of the electric characteristics (voltages, currents, powers…)  
• Synchronization and paralleling  
• Basic electric safety systems  

 
As an integral part of system  KERYS,  the Module of regulation   communicate with  the Base   by using a BUS 
CANOpen. It places at the disposal of this one the totality of measurements, parameters and variables used to fulfill its 
functions.  The BASE  can thus configure, control and read all these data (see  Annexe A  " CAN Open"page  35).  
 
The system main part is structured around a 16 bits microcontroler running at 20MHz, especially optimized for this type 
of industrial products, and making it possible to carry out most of the functionalities in parallel.  
 
The software gathers touts the modules basic software necessary to the good functioning of the system (regulators PID, 
Mesure RMS, Contrôleur CANOpen…) as well as an embedded compiler making it possible to modify the connections 
and the preset sequencing between these different modules ( Annexe E  " Internal PLC"page  113).  
 
For the diagnosis of the module and/or installation, two systems are available:  
 

• A connector DB9 for direct connection to the PC (see  Annexe D  " PC Connection"page  110) giving access to 
the totality of the variables.  

• A specific operation controlled by the base authorizing this one to take the hand on the system for direct action 
on the inputs and the outputs of the module (see  0  "System of diagnostic" page  Erreur ! Signet non 
défini.34).  
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2.2. Plan of connections  
 
The totality of connections user is available on connector blocks likely to be stripped. Each block is maintained in 
position in its base plate by a system of mechanical clips, the connector blocks of the currents (224 to 227 and 231 to 
234), as for them, being maintained by two screws to avoid any inopportune opening of the secondary circuit of the 
transformers of currents.   
 
216 NO  + 201 
217 C 

Relais numéro 1 
Relay number 1  

Alimentation 24 Volts 
Power supply 24 Volts - 202 

218 C  + 203 
219 NC 

Relais numéro 2 
Relay number 2  GND 204 

    

BUS CAN numéro 1 
 

CAN BUS number 1 - 205 
220 L1  + 206 
221 L2  GND 207 
222 L3  

BUS CAN numéro 2 
 

BUS CAN number 2 - 208 
223 N 

Tension GE ou Centrale 
 
 
Genset or Power plant voltage     

    + 209 
    

Lignes parallèles 
Parallel lines - 210 

224 I1  Correction de vitesse / Speed correction  211 
225 I2     
226 I3  Ref 212 
227 IN 

Courant GE ou Centrale 
 
 
Genset or Power plant voltage  

Correction régulation de vitesse 
Speed regulation correction Out 213 

    + 214 
    

Correction régulation tension 
Voltage regulation correction - 215 

228 L1     
229 L2  
230 L3 

Tension jeu de barres ou Réseau 
 
Busbar or Mains voltage  

    
    
231 I1  
232 I2  

Module de régulation / Regulation module 
A44Z1 
Code GPAO SDMO 
Code GPAO SOREEL 
N° Série / Lot : 
Version : 

233 I3  
234 IN 

Courant jeu de barres ou Réseau 
 
 
Busbar or Mains current  

    

CE 480V  
UL / CSA  230V  
 Classe 0,5 

Figure 1 - Connexions 

2.3. Inputs/Outputs 
 

N° Description Capacity Comments 
201 Power supply + 2,5mm² 

202 Power Supply  - 2,5mm² 

General power supply of the module.  
9-40Vdc, 10 Watts maximum.  
Protection by resettable fuse  (4A) and anti-inversion of polarity 

203 BUS CAN 1 High 1,5mm² 

204 GND 1,5mm² 

205 BUS CAN 1 Low 1,5mm² 

CANOpen  
125Kbits, maximum length of the bus 300m.  
32 modules maximum  
Note 1: Use specific CANOpen cable (120 Ohms) shielded  
Note 2: A resistor of 120 Ohms must be cabled at the ends of the 
bus. 

206 BUS CAN 2 High 1,5mm² 

207 GND 1,5mm² 

208 BUS CAN 2 Low 1,5mm² 

Intermodule CAN  
125Kbits, maximum length of the bus 300m.  
16 modules maximum  
Note 1: Use specific cable CAN (120 Ohms) shielded  
Note 2: A resistor of 120 Ohms must be cabled at the ends of the 
bus. 

209 Parallel lines + 1,5mm² 

210 Parallel lines - 1,5mm² 

Active power load sharing lines 
0-3V Isolated, impedance 10 KOhms  
Compatible with ILS. 

211 External speed 1,5mm² Input for external control speed  
+-10V, impedance 20KOhms 
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212 Reference speed 1,5mm² 

213 Output speed 1,5mm² 

Reference of the output controls speed GE  
Input +-10V, impedance 10KOhms. Off-line for internal 
reference.  
Output of control speed GE  
+-10V impedance 50 Ohms. 

214 Correction of voltage + 1,5mm² 

215 Correction de voltage - 1,5mm² 

Output of control voltage GE  
+-3V impedance 100Ohms with 10KOhms  
Insulated 

216 Relay 1 NO 2,5mm² 
217 Relay 1 Common 2,5mm² 

Authorization of coupling (Normally Open)  
Free of potential, 8A, 250Vac, 2000VA 

218 Relay 2 NC 2,5mm² 
219 Relay 2 Common 2,5mm² 

Synthesis safety measures (Normally Closed)  
Free of potential, 8A, 250Vac, 2000VA 

220 Voltage Phase 1 GE 2,5mm² 
221 Phase voltage 2 GE 2,5mm² 
222 Phase voltage 3 GE 2,5mm² 
223 Neutral GE 2,5mm² 

Voltage Generator or Plant 
100 to 480Vac   (UL: 100 to 240Vac), 3~, 0,2VA  
45Hz to 65Hz  
Optional neutral 

224 Current Phase 1 GE 4mm² 
225 Current Phase 2 GE 4mm² 
226 Current Phase 3 GE 4mm² 
227 Common currents GE 4mm² 

Generator or Plant Currents  
5A, 0,5VA 
45Hz to65Hz 
Note : Use CT of measurement class 0,5 saturating    (UL506) 

228 Voltage Phase 1 Bus 2,5mm² 
229 Voltage Phase 2 Bus 2,5mm² 
230 Voltage Phase 3 Bus 2,5mm² 

Voltage Busbar or Mains 
100 to 480Vac (UL: 100 to 240Vac), 3~, 0,2VA 
45Hz to 65Hz 

231 Current Phase 1 Bus 4mm² 
232 Current Phase 2 Bus 4mm² 
233 Current Phase 3 Bus 4mm² 
234 Common currents Bus 4mm² 

Current Busbar or Mains 
5A, 0,5VA 
45Hz to 65Hz 
Note : To use CT of measurement class 0,5 saturating    (UL506) 

Figure 2 - Table of the Inputs/Outputs 

 

 

CAUTION:   
Never disconnect connector blocks 224 to 227 and 231 to 234 when the current is present at the primary of 
CT.    
The secondary must be shunted before all handling on these connector blocks. 

 

2.4. Leds, Inters & Strap 
 
 
Switches SW1 to SW4 are used for the configuration of the CANOpen address of  the Module of regulation. The 
address is given by the following table: 

 
SW1 SW2 SW3 SW4 Address CANOpen Address recommended 
OFF OFF OFF OFF 0: Reserved  
ON OFF OFF OFF 1 If module genset or 1st  module Mains 
OFF ON OFF OFF 2 If 2nd module Mains 
ON ON OFF OFF 3 If 3rd module Mains 
OFF OFF ON OFF 4 If 4th module Mains 
ON OFF ON OFF 5 If 5th module Mains 
OFF ON ON OFF 6  
ON ON ON OFF 7  
OFF OFF OFF ON 8  
ON OFF OFF ON 9  
OFF ON OFF ON 10  
ON ON OFF ON 11  
OFF OFF ON ON 12  
ON OFF ON ON 13  
OFF ON ON ON 14  
ON ON ON ON 15  

Figure 3 - Adresses CANOpen 
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In order to carry out first diagnostic in the event of breakdown, the chart is equipped with leds for Watchdog like for 
communications CAN and RS232.  
Two Leds two-tone (green/red) make it possible to know the direction of rotation of the phases on the Bus and the 
genset.  
 

 

Figure 4 - Leds, Inters et Strap 

3. Wiring standards  
 

Note:   Wiring proposed below is only indicative and represents the principle and the position of the various elements. The 
wiring of the breakers in particular must be adpated with the installation. 

3.1. Several genset coupled 

Kerys 2
M odule de régulation

O     F

N

KE RYS 2
M odule de base

Kerys 1
M odule de régulation

O     F

N

KE RYS 1
M odule de base

 

Figure 5 - Wiring several genset coupled in island mode 

ST1:  
Shunted when 
switching on to flash a 
new software. 

DB9:  
Connection towards 
PC for diagnostic 

SW1to 4:  
Coding of the address 
for CANOpen 

LED2:  
Module-to-module 
emission CAN 
(A44Z1 
LED3: 
CANOpen operation   
See  Annexe A 

LED6: 
Emission/reception    
RS232 

LED5:  
Rotation phases BUS  
- Green: clockwise  
- Red: counter-clockwise  
See  6.5.5  " System  
"page  24  

LED1:  
Watchdog, green if all is 
well 

LED4:  
Rotation phases genset  
- Green: clockwise  
- Red: counter-clockwise  
See  6.5.5  " System  
"page  24  



KERYS Regulation Module  Technical Documentation - A44Z190002-D  page 10/118 

3.2. 1 genset paralleled with the Mains 

F     O

K erys
M odu le  de  régu la tion

F     O

N

K E R YS
M odu le  de  base

 

Figure 6 - Wiring 1 genset paralleled with the Mains 

3.3. Several genset paralleled with the Mains 
 

K erys  1
M o du le  d e  ré gu la tion

O    F

N

K E R Y S  1
M o du le  d e  b ase

K erys  2
M o du le  d e  ré gu la tion

N

K E R Y S  2
M o du le  d e  b ase

O    F

K erys  R ése au  1
M o du le  d e  ré gu la tion

K E R Y S  R ése au  1
M o du le  d e  b ase

F    OF    O

K erys  R ése au  2
M o du le  d e  ré gu la tion

K E R Y S  R ése au  2
M o du le  d e  b ase

F    OF    O

 

Figure 7 - Wiring several genset paralleled with the Mains 
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4. Environment and characteristics  
 

• Operating temperature  -20 to +70°C  

• Temperature of storage  -25 to +70°C  

• Use  Interior use only.  

 UL: the panel must be of type NEMA 12,12K.  
• Moisture  5% to 95% without condensation  

Tropicalization for use in wet environment  
Protection IP20.  

• Altitude  2000m  (3000m in transport)  
• Dimensions  235x190x67mm (9.25x7.48x2.6in)  
• Weight  1.2kg (2.6lb) 

5. Installation 

5.1. Dimensions/assembly 
 

Boitier mécanique Module de régulation
KERYS

F O R M A T N °  C O D E N °  D E S S I N R E V

A44 Z1 B 0000 B
E C H E L L E 1:1 24/03/2003 F E U I L L E 1 /  1

Matière :  Acier galvanisé - 7/10

1

2

3

4

5

6

6

7

Rep Qté  Référence   Dés ignat ion  Fourn isseur
1       1    A44Z1A000  CI  équipé    CRE
2       1   A44Z1BA00  Capot         CRE
3       1   A44Z1BB00  Fond          CRE
4       4   Entreto ises M3 35x5.5 FF
5       4    Entreto ises M3 35x5.5 MF
6       4   v is M3x8
7       2   Ecrou M4
8       2   Rondel le éventai l  Z4

 

Figure 8 - Assembly 

5.2. Fixation/montage 
In order to fix  the Module of regulation on its support, 4 screws M5 (not provided) must be used. Tightening must be 
carried out with xx Newtons.    See below for the distances between centres and the drilling of the support. 



KERYS Regulation Module  Technical Documentation - A44Z190002-D  page 12/118 

B
oi

tie
r 

m
éc

an
iq

ue
 M

od
ul

e 
de

 r
ég

ul
at

io
n

K
E

R
Y

S
FO

R
M

A
T

N
° 

C
O

D
E

N
° 

D
E

S
S

IN
R

E
V

A
44

 Z
1 

B
 B

40
1

B
E

C
H

E
LL

E
1:

1
24

/0
3/

20
03

FE
U

IL
LE

1 
/ 2

Matière  : Ac ier ga lvanisé  - 7/10

235,00

19
0,

00

10
0,

00

225,00

Ø 5,00

 

Figure 9 - drilling 

 
Note:   Deburr and clean drillings well before assembly. 

 

5.3. Rules of wiring 
 

• The cables conveying of the power (high currents, high voltage or both) must be maintained remotely of the 
module, of its signal or communication, electric cables weak.  

• If the cables conveying of the power owe cross of other cables weak signals, the crossing must be done with right 
angle.  

• Earthing of the materials minimizes the electromagnetic disturbances and is a safety measure in the electric 
installations. It must be respected and applied as long as it is not prohibited.  

• The shieldings protect from the electromagnetic disturbances. They must be connected on the two sides to optimize 
the attenuation.  
Attention, however, it is possible to connect the shieldings only one side if:  

• the signals are of very low amplitude (mV).  
• the impedances of inputs of the apparatuses are strong (MOhms).  
• the cable is very long and/or connects two buildings.  
• the fact of connecting on the two sides generates a circulation of current in the shielding  
• the fact of connecting on the two sides generates a deterioration of operation   

• 0Volt of power supply of  the Modules of regulation  installation must be connected between them.  
• The 0Volt of power supply of  the Module of regulation   must be connected directly by a cable of strong section 

on the 0Volt of the primary controller speed. 
 

5.4. Earthing 
 
The Module of regulation must be connected to the Earth, that is to say by the means of the four fastening screws (see  
5.2  " Fixation/montage"page  11) is by one or two cables green-yellow courts, of section 4mm² minimum, fixed on the 
module using a nut and of a star washer (see reference mark 6 and 7 of  Figure 8 -  page  11)  
 

5.5. Vibrations 
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In the event of excessive vibrations, it is preferable to assemble  the Module of regulation on a system of damping 
devices (silentbloc). 
 

6. Operation 

6.1. General 

6.1.1. Synchronization 
Synchronization is carried out by three controllers PID:  

 
• Frequency  
• Phase  
• Voltage  

 
Note 1:   The controller of phase is activated only when the frequency is in the window (< 0,5Hz).  
Note 2:   Shifting in voltage and frequency, if they are activated, modify the measurement of voltage and frequency, 
and thus intervene in the regulation. 
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Figure 10 - synoptic automatic synchronization 

E0037  Difference in phase between generator and bus  
E0038  Difference in frequency  
E0039  Difference in voltage  
E0151  Frequency generator in % of the rated frequency  
E0152  Frequency bus in % of the rated frequency  
E0148  Voltage generator in % of the nominal voltage  
E0153  Voltage bus  in % of the nominal voltage  
E1136  Validation shifting voltage  
E1135  Shifting in voltage  
E1134  Angular shifting  
E1130  Gain gobal (G) of controller U=U  
E1131  Gain proportional (P) of controller U=U  
E1132  Integral gain (I) of controller U=U  
E1133  Gain derived (D) from controller U=U  
E1111  Gain global (G) of controller F=F  
E11 12  Gain proportional (P) of controller F=F  
E11 13  Integral gain (I) of controller F=F  
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E11 14  Gain derived (D) from controller F=F  
E1307  Gain global (G) of the controller  Φ 
E1308  Gain proportional (P) of the controller   Φ 
E1309  Integral gain (I) of the controller   Φ 
E1310  Gain derived (D) from the controller   Φ 
E2028  Output of the synchro towards speed  
E2034  Output of the synchro towards voltage 

6.1.2. Coupling 
In order to parallel the generator with the bus, the internal C2S of the system checks that the conditions of 
paralleling are observed:  
 

• ∆V in the definite window  
• ∆F in the definite window  
• Φ  in the definite window  
• FGen and FBus ranging between 70% and 130% of the rated frequency  
• VGen and VBus ranging between 70% and 130% of the nominal voltage  

 
Note:   The internal C2S is active permanently, even when no request for automatic synchronization is required, this 
in order to allow a manual paralleling, if necessary. 
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Figure 11 - Synoptic authorization of paralleling 

E0037  Difference in phase between generator and bus  
E0038  Difference in frequency  
E0039  Difference in voltage  
E0151  Frequency generator in % of the rated frequency  
E0152  Frequency bus in % of the rated frequency  
E0148  Voltage generator in % of the nominal voltage  
E0153  Voltage bus in % of the nominal voltage  
E1136  Validation shiftings voltage  
E1135  Shifting in voltage  
E1134  Angular shifting  
E1127  Paralleling window in voltage in % of the nominal voltage  
E1128  Paralleling window in frequency in % of the rated frequency  
E1129  Paralleling window in phase in °  
E2348  Authorization of paralleling 
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6.1.3. Power management 
Power management is carried out by two PID controllers, one treating the active power, the other the reactive 
power.  
According to operating modes, the setpoint and measurement provided to the controllers can be taken from various 
inputs: 
 

 State machine 
(E2071) 

Setpoint 
KW 

Measure KW Setpoint 
KVAR/PF 

Measure 
KVAR/PF 

Load sharing 4 E0131 E0059 / E0060 E2041 E0061 / E0062 
Load sharing (lines / /) 4 E0156 E0059 / E0060 - - 
Solo Mains      
    Production 6 (E1153=0) E1093 E0059 / E0060 E1110 E0021 
    Peak lopping 6 (E1153=1) E1096 E0063 / E0064 E1110 E0058 
    Prod + Mains PF  6 (E1153=3) E1093 E0059 / E0060 E1110 E0058 
    Peak lopping + Genset PF  6 (E1153=4) E1096 E0063 / E0064 E1110 E0021 
Mains Paralleling (Common control) 9 E0057 E0059 / E0060 E0147 E0061 / E0062 
Ramps 3, 5 E2076 E0059  /E0060 E1110 E0021 
Mains Module       
    Production 22 (E1153=0) E1093 E0059 / E0060 E1110 E0021 
    Peak lopping 22 (E1153=1) E1096 E0063 / E0064 E1110 E0058 
    Plant Production 22 (E1153=2) E1093 E0131 E1110 E2041 
    Production + Mains PF 22 (E1153=3) E1093 E0059 / E0060 E1110 E0058 
    Peak lopping + PF 22 (E1153=4) E1096 E0063 / E0064 E1110 E0021 
    Plant Production  + Mains PF 22 (E1153=5) E1093 E0131 E1110 E0058 
    Peak lopping + Plant PF 22 (E1153=6) E1096 E0059 / E0060 E1110 E2041 
Low limit 7 E1091 E0059 / E0060 E1110 E0021 
Hold P,Q 2 E2076 E0059 / E0060 E2041 E0061 / E0062 

Figure 12 – Setpoints/measurements in management of power 

 

6.1.4. Centring device of frequency 
 
The system also has a centring device of frequency which makes it possible to readjust the frequencies of each 
genset on the rated frequency. The system is activated when the E1476  variable is different from 0 in state 4. 
 
 

6.1.5. Operating modes 
 
Note: In the following cases, one considers the parallelings carried out (the circuit breakers are closed). 

6.1.5.1. Several genset in parallel 
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Figure 13 - Several genset in parallel 

 
Each  Module of regulation emits on the bus CAN measurements of KW, KVAR, F, and V like several 
indicators of operating condition (E2071   Nebula, circuit breaker…). These measurements are received and 
treated by the other modules:  
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• KW and KVAR are used to calculate an average which will give the setpoint of the controllers of load 
sharing active and reactive. Measurement is taken locally on inputs U/I generator. Only  Modules of 
regulation really parallelled (E2000 = 1) are taken into account.  

• The F and V are used to calculate an average which will give the measurement of the controllers of 
centring device of frequency and voltage. The setpoint is fixed and is worth 100% of the frequency or 
nominal voltage. Only Modules of regulation really parallelled (E2000 = 1) are taken into account.  

 
The outputs of active and reactive controllers PID are sent on the physical outputs of control frequency  and 
voltage. 

6.1.5.2. 1 genset parallelled with the Mains 
 

R éseau
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M esures

 

Figure 14 - 1 genset parallelled with the Mains 

The setpoints of the PID are taken locally. Measurements can be taken either on inputs U/I generator or on 
inputs U/I bus, or on CANOpen.  
The outputs of active and reactive controllers PID are sent on the physical outputs of control frequency  and 
voltage.  
The centring devices of frequency and voltage are inactive.  
 
Note:    The Module of regulation   does not have to be configured in mode Mains (E1260 = 1)   and must 
carry a number ranging between 1 and 15. 
 

6.1.5.3. 1 genset parallelled with several Mains 
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Figure 15 - 1 genset parallelled with several Mains 

The Module of regulation  of the genset and Mains 1 pilot directly the frequency and the voltage of the 
genset. The setpoints of active and reactive controllers PID are recovered directly on the CAN coming from  
the Module of regulation  active Mains. Measurements can be taken either on inputs U/I generator or on 
inputs U/I bus, or on CANOpen.  
In the case of the paralleling to Mains 1, operation is that of  6.1.5.21 genset parallelled with the Mains page  
16 
When  the Module of regulation  of the genset  and Mains 1 is parallelled with no Mains,  the Modules of 
regulation  can control it directly in frequency and voltage during automatic or manual synchronization.  
 The Modules of regulation  Mains take their measurements either on inputs U/I generator or on inputs U/I 
bus, or on CANOpen. The setpoints are taken locally. The outputs of the active and reactive PID are sent on 
the CAN.  
 
Note 1: The Module of regulation  of Mains 1 should not be configured in mode Mains (E1260 = 1)  and 
must carry a number ranging between 1 and 15.  
Note 2: The Modules of regulation  of the other Mains are configured in mode Mains (E1260 = 0) and must 
all carry number 16.  
Note 3: Only one  Module of regulation  Mains must be active at a moment given automatically and 
manually. The activation of  a Module of regulation  Mains is done by one of the following conditions:  

• Mode synchronization manual (E2007 = 1)  
• Mode synchronization synchro (E2002 = 1)  
• Closing circuit breaker Mains (E2000 = 1) and plant (E2008 = 1) 
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6.1.5.4. Several genset parallelled with the Mains 
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 Figure 16 - Several genset parallelled with the Mains 

6.1.5.3 1 genset parallelled with several Mains page 16. 
The difference lies in the abscence of  Module of regulation  mixed (genset and Mains). 

6.1.5.5. Several genset parallelled with several Mains 
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Figure 17 - Several genset parallelled with several Mains 

 
6.1.5.3 1 genset parallelled with several Mains page 16. 
The difference lies in the abscence of  Module of regulation  mixed (genset and Mains). 

 



KERYS Regulation Module  Technical Documentation - A44Z190002-D  page 19/118 

6.2. Internal diagram block 
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Figure 18 - Diagram block 

 
The diagram block shows the modular architecture of the system. This one is based on four great functions and a 
multitude of small independent functions:  
 

• Inputs  
• Variables  
• The PLC (micro programmable logic controller)  
• Communications  
• PID, synchro, management of impact, safety measures....  

 
Each one of these blocks functions in an independent way, the variables being the single point of connection between 
them.
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6.3. State Machine 
The state machine makes it possible to follow the operation of  the Module of regulation. The E2071 variable contains the number of the state in progress. 
 

State Machine CARANTEC 2

N° DESSIN REV

A44Z1 A  A005 4
FEUILLE 1 DE 1

 
1 Création SC

2 13/11/02 SC

3 16/01/03 SC

4 14/10/03 SC

Rev. Description Date Auteur

0

1
Synchro
automatique

Synchro
désactivé
(E2002=0)

Demande
Synchro

(E2002=1)

2

6

5
3

7

4

Système en
attente

Maintien P,Q

Lestage
(E2003=1 )

délestage
(E2004=1)

fin de
délestage
(E2004=0)

Rampe de
charge

Régulation
réseau

Rampe de
décharge

Limite basse
(E2179=1)

Limite basse
fin de

délestage
(E2004=0)

KW>consigne
ou limite haute

(E2180=1)

Répartition  de
puissance

fermeture
disjoncteur

Groupe
(E2001=1)

Notes:

0. La désactivation des régulations de tension ( E2010=1 ) et vitesse
(E2009=1 ) est prioritaire.

1. Quelles que soient les entrées, si le mode manu  (E2007=1 ) est actif,
alors il est prioritaire sur le diagramme ci-joint. Les statismes vitesse et
tension sont activés.

2. Si la CARANTEC est en mode Groupe (E1260=1 ) et en mode auto
(E2007=0) , quel que soit l 'état, autre que l'état 1 (synchro), si le
disjoncteur groupe est ouvert ( E2001=0 )  alors l'état actif devient l'état
0 (Attente). Cette branche est toujours prioritaire sur toutes les autres
branches.

3. Si la CARANTEC est en mode Réseau (E1260=0 ), en mode auto
(E2007=0 ), quel que soit l 'état, autre que l'état 21 (synchro), si les
disjoncteurs Centrale et Réseau sont ouverts ( E2008=0 ou E2000=0 )
alors l'état actif devient l'état 20.

4. Si le mode statisme tension (E2006=1 ) ou statisme vitesse
(E2005=1 ) est activé, il est prioritaire sur les autres modes de régulation.

5. La variable E2071 contient le numéro de l'état actif.

6.  KW correspond à la mesure de puissance active globale du
groupe (E0059/E0060), ou de la centrale si CARANTEC est en mode
Réseau .

7. Calcul de la consigne :

    7a. GE ilotés: la consigne est la moyenne des puissances (en %)
donnée par les l ignes parallèles ou le BUS CAN.

    7b. Couplage fugitif : la consigne est égale à la somme KW GE
(E0059/E0060 ) + KW Réseau (E0063/E0064 ) - KW Trip (E1606 ).

    7c. Couplage réseau avec régulation centrale : la consigne  est
donnée par la variable consigne KW groupe (E1093 ).

    7d. Couplage réseau avec régulation réseau : la consigne est
donnée par la variable consigne KW réseau (E1096 ).

8. Régulation réseau 1GE (Etat 6):
Dans cet état i l est possible de réguler
  KW et Cos Phi GE (E1153=0 )
  KW et Cos Phi réseau (E1153=1 )
  KW GE et Cos Phi Réseau (E1153=3 )
  KW Réseau et Cos Phi GE (E1154=4 )

9. Régulation de puissance au réseau (PC) (état 22) :
Dans cet état i l est possible de réguler
  KW et Cos Phi de la branche de la centrale (E1153=0 )
  KW et Cos Phi réseau (E1153=1 )
  KW et cos Phi de la centrale complète (E1153=2 )
  KW de la branche de la centrale et Cos Phi Réseau (E1153=3 )
  KW Réseau et Cos Phi de la branche de la centrale (E1154=4 )
  KW de la centrale complète et Cos Phi Réseau (E1153=5 )
  KW Réseau et Cos Phi de la centrale complète (E1154=6 )

10.  Si la CARANTEC est en  mode Réseau (E1260=0 ), tous les ordres
de contrôle vitesse, tension, puissance sont transmis sur le bus CAN
ainsi que sur les sorties analogiques. Attention, une seule CARANTEC
réseau doit être active à un instant donné.
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Figure 19 –State machine 
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6.4. Safety 

6.4.1. Definition of the symbols used 
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Figure 20 - Diagrammatic safety 

 

6.4.2. Thermal Image (ANSI 49) 
The thermal image security is carried out on the basis of simulation of the heating (increase in temperature) of each 
phase of the alternator compared to its nominal heating. The nominal heating is given for a nominal current I and is 
worth by definition 100%. If the alternator functions with its nominal current during sufficiently a long time, its 
heating is worth 100%. 
The formula of computation of this heating is as follows: 
 












−





×+= −− 1

2

1 n
nom

nn E
I

I
Tx
Nte

EE  

Figure 21 - Thermal image formula 

 
En:  heating of the machine at the moment n (en %) 
En-1: heating of the machine at the moment n-1 (en %) 
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Nte: Thermal delay of heating (E1083) for calibration (in S) 
Tx:  Thermal time-constant of the machine (E1084) (in minutes) 
I:  Instantanneous current (Amp RMS) 
Inom: Nominal current (Amp RMS) 
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Figure 22 - Synoptic Security Thermal Image 

E0033  Heating phase 1  
E0034  Heating phase 2  
E0035  Heating phase 3  
E2197  Inhibition of the safety measures  
E2114  Fault direct heating (before validation)  
E2113  Fault heating  
E1082  Maximum threshold of heating  
E1085  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay 1  
E2202  Relay 2  
 
The threshold is adjustable from 0  to  999.9%, the default value being of  120 %. 

6.4.3. Overload Current (ANSI 32) 
The security of current overload is carried out on current RMS of each of the three phases of the generator. It is 
delayed. 
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Figure 23 - Synoptic security overload current  

E0006 Current phase 1  
E00 07  Current phase 2  
E00 08  Current phase 3  
E2197  Inhibition of the safety measures  
E21 38  Fault direct overload current (before delay and validation)  
E2137  Fault overload current 
E2140  Counter of the delay  
E1052  Maximum threshold of current  
E1053  Delay setpoint of the security  
E1054  Validation and control  
E2069  RESET  
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E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from 0  to  120%, the value by default being of  120%.  
The delay is adjustable from  0  to 999.9s, the value by default being  10.0s. 

6.4.4. Maximum of frequency (ANSI 81) 
The security of maximum of frequency is carried out on the frequency of the generator, expressed as a percentage of 
the rated frequency. It is delayed. 
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Figure 24 - Synoptic security maximum of frequency 

E0 151  Frequency generator  
E2197  Inhibition of the safety measures  
E2 098  Maximum of frequency direct fault (before delay and validation)  
E2097  Maximum of frequency fault  
E2100  Counter of the delay  
E1022  Maximum threshold of frequency  
E1023  Delay  
E1024  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from  0  to  999.9%, the default value being of  102.0%.  
The delay is adjustable from  0  to  999.9s, the default value being  10.0s. 

6.4.5. Minimum of frequency (ANSI 81) 
The security of minimum of frequency is carried out on the frequency of the generator, expressed as a percentage of 
the rated frequency. It is delayed. 
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Figure 25 - Synoptic of the security minimum of frequency 

E0151  Frequency generator  
E2197  Inhibition of the safety measures  
E21 02  Direct fault minimum of frequency (before delay and validation)  
E2101  Fault minimum of frequency  
E2104  Counter of the delay  
E1025  Threshold of frequency min imum  
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E1026  Delay  
E1027  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from  0  to  999.9%, the default value being of  98.0%.  
The delay is adjustable from  0  to  999.9s, the default value being  10.0s. 

6.4.6. Maximum of voltage (ANSI 59) 
The security of maximum of voltage is carried out on the phase to phase voltages of each of the three phases of the 
generator, expressed as a percentage of the nominal voltage. It is delayed. 
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Figure 26 - Synoptic of the security maximum of voltage 

E0148  Phase to phase voltage phase 1  
E0149  Phase to phase voltage phase 2  
E0150  Phase to phase voltage phase 3  
E2197  Inhibition of the safety measures  
E21 10  Direct fault maximum of voltage (before delay and validation)  
E2109  Fault maximum of voltage  
E2112  Counter of the delay  
E1031  Maximum threshold  of  voltage  
E1032  Delay  
E1033  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from  0  to  999.9%, the default value being of  105.0%.  
The delay is adjustable from  0  to 999.9s, the default value being  10.0s. 

6.4.7. Minimum of voltage (ANSI 27) 
The security of minimum of voltage is carried out on the phase to phase voltages of each of the three phases of the 
generator, expressed as a percentage of the nominal voltage. It is delayed. 
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Figure 27 - Synoptic of the security minimum of voltage 
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E0148  Phase to phase voltage phase 1  
E0149  Phase to phase voltage phase 2  
E0150  Phase to phase voltage phase 3  
E2197  Inhibition of the safety measures  
E21 06  Direct fault minimum of voltage (before delay and validation)  
E2105  Fault minimum of voltage  
E2108  Counter of the delay  
E1028  Threshold of  voltage min imum  
E1029  Delay  
E1030  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from 0  to  999.9%, the default value being of  95.0%.  
The delay is adjustable from 0 to 999.9s, the default value being  10.0s. 

6.4.8. Maximum of active power (ANSI 32-2) 
The security of maximum of active power is carried out on the total active power of the generator, expressed as a 
percentage of the nominal active power. It is delayed. 
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Figure 28 - Synoptic "maximum security of active power" 

E0 042[N-1 ]  Active power of generator N  
E2197  Inhibition of the safety measures  
E2 134  Direct fault maximum of active power (before delay and validation)  
E2133  Fault maximum of active power  
E2136  Counter of the delay  
E1049  Threshold of  active power  maximum  
E1050  Delay  
E1051  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from 0  to  999.9%, the default value being of  120.0%.  
The delay is adjustable from  0 to  999.9s, the default value being  6 0.0s. 

6.4.9. Minimum of active power (ANSI 32-2) 
The security of minimum of active power is carried out on the total active power of the generator, expressed as a 
percentage of the nominal active power. It is delayed. 
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Figure 29 - Synoptic security minimum of active power 

E0 042[N-1 ]  Active power of generator N  
E2197  Inhibition of the safety measures  
E2 130  Direct fault "minimum of active power" (before delay and validation)  
E2129  fault "minimum of active power"  
E2132  Counter of the delay  
E1046  Threshold of  active power  m in imum  
E1047  Delay  
E1048  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from  0  to  999.9%, the default value being of  20.0%.  
The delay is adjustable from 0  to 999.9s, the default value being  18 0.0s. 

6.4.10. Return of active power (ANSI 32-1) 
The security of reverse active power is carried out on the total active power of the generator, expressed as a 
percentage of the nominal power. It is delayed at constante time. 
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Figure 30 - Synoptic security active reverse power 

E0 042[N-1 ]  Active power of generator N  
E2197  Inhibition of the safety measures  
E2 122  Direct fault active reverse power (before delay and validation)  
E2121  Fault active reverse power 
E2124  Counter of the delay  
E1040  Threshold of  active power  m in imum  
E1041  Delay  
E1042  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from 0  to  999.9%, the default value being of  10.0%.  
The delay is adjustable from  0  to  999.9s, the default value being  1 0.0s.  
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6.4.11. Maximum of reactive power (ANSI 32) 
The security of maximum of reactive power is carried out on the total reactive power of the generator, expressed as 
a percentage of the rated power. It is delayed. 
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Figure 31 - Synoptic maximum security of reactive power 

E0 132[N-1 ]  Reactive power of generator N  
E2197  Inhibition of the safety measures  
E2 118  Direct fault reactive reverse power (before delay and validation)  
E2117  Fault reactive reverse power 
E2120  Counter of the delay  
E1037  Threshold of  reactive power  maximum  
E1038  Delay  
E1039  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from  0  to  999.9%, the default value being of  120.0%.  
The delay is adjustable from  0  to 999.9s, the default value being  6 0.0s. 

6.4.12. Reverse power reactive (ANSI 40, 32) 
The security of reverse reactive power is carried out on the total reactive power of the generator, expressed as a 
percentage of the nominal reactive power. It is delayed at constante time. 
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Figure 32 - Synoptic security reverse reactive power 

E0 132[N-1 ]  Reactive power of generator N  
E2197  Inhibition of the safety measures  
E2 126  Direct fault minimum of reactive power (before delay and validation)  
E2125  Fault minimum of reactive power  
E2128  Counter of the delay  
E1043  Threshold of  reactive power  m in imum  
E1044  Delay  
E1045  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
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The threshold is adjustable from  0  to  999.9%, the default value being of  10.0%.  
The delay is adjustable from 0 to 999.9s, the default value being  1 0.0s.  
 

6.4.13. dF/dt ROCOF (ANSI 78) 
The security dF/dt (rocof) applies to the frequency of the generator. It is instantaneous.  
The module dF/dt calculates permanently the derivative of the frequency of the generator (the three phase to phase 
voltages are monitored). If one of the three absolute values of derivative exceeds the parameterized threshold, the 
security is engaged.  
 
Note 1: The security dF/dt is active only if the circuit breaker Mains, the circuit breaker plant and the circuit breaker 
genset are closed and that the delay of activation of protections Mains is finished.  
Note 2  The security dF/dt is taken into account only if it is detected over at least six consecutive periods, in order to 
avoid starting on a disturbance.  
Note 3  The fault is maintained during 1 second after its effective disappearance. 
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Figure 33 - Synoptic security dF/dt 

U12~  Sinusoid of phase to phase voltage  
U23~  Sinusoid of phase to phase voltage  
U31~  Sinusoid of phase to phase voltage  
E2000  Position circuit breaker Mains  
E2001  Position circuit breaker Genset  
E2008  Position circuit breaker Plant  
E2197  Inhibition of the safety measures  
E2171  Fault df/dt  
E2186  Protection Mains activated  
E2555  Counter of the delay  of startup of protections Mains  
E1072  Threshold  of variation of frequency  maximum  
E1637  Delay of startup of protections Mains  
E1073  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from  0 to 50.0Hz/s,  the default value being of  0.5Hz/s.  
The delay of activation of protections Mains is adjustable from 0 to 999.9s, the default value being of  1 0s. 

6.4.14. Vector jump (ANSI 21, 78) 
The security vector jump applies to the frequency of the generator. It is instantaneous.  
The module vector jump permanently calculates the moment of passage to 0Volt of the voltages of the generator 
(the three phase to phase voltages are monitored). If one of the three voltages passes to 0Volt apart from the range 
envisaged, the fault is activated.  
 
Note 1: The security vector jump is active only if the circuit breaker Mains, the circuit breaker plant and the circuit 
breaker genset are closed and that the delay of activation of protections Mains is finished.  
Note 2: The security vector jump is taken into account only if it is detected only once over three consecutive 
periods, in order to avoid starting on a disturbance.  
Note 3: The fault is maintained during 1 second after its effective disappearance. 
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Figure 34 - Synoptic security vector jump 

U12~  Sinusoid of phase to phase voltage  
U23~  Sinusoid of phase to phase voltage  
U31~  Sinusoid of phase to phase voltage  
E2000  Position circuit breaker Mains  
E2001  Position circuit breaker Genset  
E2008  Position circuit breaker Plant  
E2197  Inhibition of the safety measures  
E2170  Fault vector jump  
E2186  Protection Mains activated  
E2555  Counter of the delay  of startup of protections Mains  
E1070  Threshold of  angle shift 
E1637  Delay of startup of protections Mains  
E1071  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from 0 to 180°,  the default value being of  20°.  
The delay of activation of protections Mains is adjustable from 0 to  999.9s, the default value being of  1 0s. 

6.4.15. Minimum of voltage of power supply 
The security of minimum of voltage of power supply is carried out on the voltage of power supply of the module. It 
is delayed. 
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Figure 35 - Synoptic security minimum of voltage of power supply 

E0041  Voltage of power supply  
E2197  Inhibition of the safety measures  
E21 89  Direct fault minimum of voltage of power supply (before delay and validation)  
E2188  Fault minimum of voltage of power supply  
E2191  Counter of the delay  
E1172  Threshold of voltage min imum  
E1173  Delay  
E1174  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
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The threshold is adjustable from  0  to  99.99V, the default value being of  18.00V.  
The delay is adjustable from 0  to  999.9s, the default value being  60 0s. 

6.4.16. Maximum of voltage of power supply 
The security of maximum of voltage of power supply is carried out on the voltage of power supply of the module. It 
is delayed. 
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Figure 36 - Synoptic maximum security of voltage of power supply 

E0041  Voltage of power supply   
E2197  Inhibition of the safety measures  
E2275  Direct fault maximum of voltage of power supply (before delay and validation)  
E2274  Fault maximum of voltage of power supply  
E2277  Counter of the delay  
E1086  Threshold of voltage max imum  
E1053  Delay  
E1098  Validation and control  
E2069  RESET  
E2200  Alarm  
E2201  Relay fault 1  
E2202  Relay 2 (not used on  Module of regulation)  
 
The threshold is adjustable from 0  to  99.99V, the default value being of  28.00V.  
The delay is adjustable from 0  to  999.9s, the default value being  60 0s. 

6.5. Special functions 

6.5.1. Management of sub-plant 
The functionality "sub-plant" makes it possible to make function a plant of gensets in several small sub-plant 
independent. It is then possible to carry out all the configurations permitted by the architecture of the plant without 
generating fault on the level of the intermodule communication.  
Below an example of what it is possible to realize : 
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Figure 37 - Synoptic "sub -plant" 

In the example above, the GE1 and GE2 can only function on load 1, whereas the GE3, GE4 and GE5 function sets 
on loads 2 and 3. The interconnection of different sub-plant can be carried out at stop (without particular devices) or 
dynamically (thanks to the C2S III).  
The selection of the configurations is carried out by  the base,  while coming to write in the variables of validations 
of each  Module of regulation  (E1261 to E1276 for the validation of genset 1 to 16) one 0 to ignore the genset 
corresponding. Default, these 16 variables are to 1.  
In the example above, the configuration of each genset would be as follows: 
 

 GE1 GE2 GE3 GE4 GE5 
1261 (validation GE1) 1 1 0 0 0 
1262 (validation GE2) 1 1 0 0 0 
1263 (validation GE3) 0 0 1 1 1 
1264 (validation GE4) 0 0 1 1 1 
1265 (validation GE5) 0 0 1 1 1 

Figure 38 - Example of configuration sub-plant 

6.5.2. Angular shifting 
During the use of transformers DYN11 for paralleling in high voltage, a shift of phase of 30° appears between the 
primary and secondary voltages. 
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Figure 39 - Paralleling MT DYN11 

 
In order to use a standard transformer step-down for measurements, and thus to save a transformer of shifting, the 
phase shift of 30° is compensated in-house to the measures of voltage of the bus (terminals 288,229 and 230) in  the 
M odule of regulation.  
The base  can validate this shift by configuring the E1134  variable  to 1.  
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In the same way it is possible to readjust the values of voltage by configuring the E1135  variable  with a value 
different from 100%. 
 

 

CAUTION:   
A misuse of this functionality can generated a false paralleling.  
In order to secure itself against a misconfiguration, the E1134  variables  and  E1135  are taken into 
account only if the E1136  variable  is worth  0x55AA  (21930) 

 

6.5.3. Management of impacts 
In order to as well as possible help the genset in the event of impact of load positive or negative,  the Module of 
regulation  has triple system of anticipation: 

6.5.3.1. Active and reactive load pulse 
The load pulse functions on the effect of inertia of the engine. Indeed, at the time of an impact of load, speed or 
the voltage will not vary instantaneously, but with a light delay. The load pulse thus puts has profit this delay to 
ask an acceleration (if positive impact of KW), a deceleration (if negative impact of KW), an increase in the 
voltage (if positive impact of KVAR) or for a reduction in the voltage (if negative impact of KVAR) 
proportional to the power.  
Operation is done in open loop and must thus be adapted to the globality of the installation.  
In order to guarantee the normal operation of the system, a minimum threshold of variation power makes it 
possible to start the system only when this is necessary. 
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Figure 40 - Operation load pulse 

For  each load pulse (active or reactive), there are three parameters making it possible to optimize the tunings:  
 

• The dead band  ∆P (E1521) or  ∆Q (E1522), allows a targeted release of the load pulse for a minimal 
variation of the power. Below this limit, the load pulse is inactive.  

• The gain K (E1074  for speed and  E1155  for the voltage), allows the tuning of the maximum intensity 
of the reaction of the anticipator.  

• The time-constant  τ (E1154  for speed and  E1157  for the voltage), allows the tuning of the dynamics 
of the reaction of the anticipator. 
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Figure 41 – Action of the parameters K and  ττ  on load pulse 

6.5.3.2. Limiting device of voltage 
The function limiting device of voltage is based on the same principle that the load pulse, it uses the parameters 
of the load pulse besides reactive. The two functions cannot thus be used simultaneously. The selection between 
load pulse reactive and limiting device of voltage is carried out thanks to the parameter K (E1155):   

• K > 0: load pulse  
• K<0: limiting device of voltage  

The E1157  τ functions in the same way as for the load pulse.  
The E1522  parameter is not any more one variation of reactive power,  but of active power.  
The objective of the limiting device of voltage is to cause a fall of the voltage on an impact of active load. The 
voltage decreasing, the active power required by the load decreases and the genset can take again its rated 
frequency more easily. 
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Figure 42 - Operation of the limiting device of voltage 

6.5.3.3. Ballast 
The function ballast consists of the emission of the PDO1 (fast) with bit 38 "Opening ballast" to 1 if the positive 
variation of P is higher than + ∆P(E1521), or bit 39 "Closing ballast" to 1 if the negative variation of P is higher 
than - ∆P.  
The activation of the function is also found in the variables  E2157  and  E2158. At the time the variation of 
active power exceeds the limit, these variables are put at 1 during one duration equalizes with 3 times the E1154  

τ (parameter ). 
It is possible to recover this information to open or close a contactor on a resistance thus making it possible to 
smooth the load and thus to attenuate the variations of frequencies due to the impacts of active power. 
 
Note: In case of positive load impact, the load ramping is bypassed in order to provide the maximum available 
power to the load. 

6.5.4. Harmonics 
The Module of regulation  permanently calculates the harmonic content of measurements of current and voltages 
for rows 3, 5 and 7. This rate is expressed as a percentage given value of the fundamental one.  
The numerical values of these measurements are in variables from E0157 to E0192. 
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6.5.5. System  Roto-phase 
The Module of regulation  displays thanks to two LEDs two-tone (red/green) the direction of rotation of the phases 
of the voltages generator (terminals 220 to 223) and bus (terminals 228 to 230).  
Three states are possible:  

• In the absence of sufficient voltage or if a phase is missing, the LED is extinct.  
• If the rotation of the phases is done in the clockwise direction, the LED is green.  
• If the rotation of the phases is done in the counter-clockwise direction, the LED is red.  

The carryforward of this information is also available in the variables  E0022  and  E0024.  
 
Note: In the event of unmatched indications, the authorization of paralleling will not be given. 
 

 

CAUTION:   
It is significant that at the time of the paralleling both LEDs (LED4 and LED5) are same color.  
However, the fact that both LEDs are identical colors, guaranteed not a direction of rotation of the phases 
identical at the boundaries of the circuit breaker (because of an error of wiring for example)  
Ones must always ensure himself of the reality of the indication. 

 

6.5.6. Meters of energies kWh and KVARh 
A message CANOpen (PDO1) is sent to  the base  when a certain quantity of Wh (or VARh) was measured. This 
quantity is skeletal and can be worth 100Wh (or VARh), 1000Wh (or VARh) or 10000Wh (or VARh). The 
configuration is carried out thanks to the variables  E1604 and E1605  (see  Annexe C " Table of the variables"page  
42)  
The refresh rate of the calculation of Wh and KVARh is carried out all the 100ms.  
 
Note: It is significant to note that  the Module of regulation  does not store in memory these information. 

6.5.7. Archiving on fault 
At the time of the first fault, the electrical measurements  Power, Cos phi, IN,  3 ANGLES,  3 I heating are filed in 
order to  be able to diagnose the cause of the fault a posteriori. Values are stored in variables from E0296  to E0307.  
Moreover, the electrical measurements  U12, U23, U31, I1, I2, I3, Io, F are stored during the 500ms which precede 
the fault (5 recordings) and 500ms after the fault (5 recordings).  Values are stored in variables from E0402  to  
E0473.  
 
Note 1: Archiving is not permanent, it is stored in read-write memory (RAM) and is erased at the time of a cut of 
power supply.  
Note 2: Archiving is saved only at the time of a fault, if the reset of the preceding fault were required. 

6.5.8. System of diagnostic 
The Module of regulation  can be placed in a diagnostic mode making it possible for the base  to take the hand on 
the inputs. It is then possible of programm  the Module of regulation  in order to simulate voltages, currents, 
frequencies…. 
 

 

CAUTION:   
The diagnostic mode is a special mode and must be used with precaution, each inputs/ouputs being able to 
be controlled directly by  the base.  
In order to guarantee the security of the installation, the command of closing circuit breaker is excluded 
from the diagnostic mode.  

6.5.9. Redundancy of the CAN buses 
In the possibility of a breakdown of the CAN bus between  the bases, it is possible to use the intermodule CAN bus 
to convey information of the bus in fault. In this case  the base  must send these messages on the bus CAN of  the 
modules of regulation  by modifying Cob-id, so that  the module of regulation  can determine the arrival of a 
message of this type. All the messages arriving with this type of  Cob-id, are completely copied and routed towards 
the second CAN bus without any analysis.  
Cob-id for routing of the message: 0xFn where n is the number of the transmitting base. 
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Annexe A CAN Open 
 

The Module of regulation has a bus CAN using the CANopen protocol. This bus is dedicated to the communication with  the 
base  KERYS which controls it.  The base  is regarded as the Master and the modules are the slaves. 
 
 

A.1. DESCRIPTION 
 

A.1.1.  CAN Parameters  
 
Speed of communication: 125kbit/s.  
Standard identifier of 11bits.  
Address CAN of each module defined by a quadruple DIP-switch.  
Uses the internal CAN peripheral of the C167 microcontroler.  
The status of the module is materialized by a twinkling green LED (voir 2.4 "Leds, Inters & Strap" page 8). 
 

A.1.2. Supported messages 
 
The Module of regulation is configured to transmit or receive the following messages: 
 

• Reception of NMT.  
• 1 EMERGENCY in emission.  
• 1 SDO in reception.  
• 1 SDO in emission.  
• Reception of SYNC.  
• 20 PDO in emission.  
• 2 PDO in reception. 

 

A.1.3. Topology 
 

The communication speed allows a maximum CAN bus length of 300m (500m theoretical).  
It is recommended to use special cables with a characteristic impedance of 120 Ω for the CAN bus connections and 
to use a 120 Ω termination resistance at each end of the bus. 

 
 

A.2. PROTOCOL 
 

A.2.1. Objects of communication 

A.2.1.1. Process Data Object (PDO) 
 

These objects are configured when the CANOpen protocol is in pre-operational status to be used when the 
CANOpen protocol is in operational status.  
They send (TXPDO) or directly receive (RXPDO) the data of the variables defined during configuration.  
The transmission can be defined in a cyclic (by multiple of  SYNC, or multiple of 100ms) or acyclic (on 
content changes) way.  
The use of these objects is the transport of data of process (E/S, controls…) with strong concept of real time. 

 

A.2.1.2. Service Data Object (SDO) 
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These objects are used for the configuration of the PDO  when the CANOpen protocol is  in pre-operational 
status.  
With the occasion, they can also be used for to write (or read) punctually in a variable.  
The use of these objects is the configuration and the specific control without concept of real time. 

 

A.2.1.3. Synchronization Object (SYNC) 
 

It is the object of synchronization. It is generated by  the Base.  
When the module receives a SYNC, it starts sending of TxPDO configured for this type of emission.  
 
Note:   The Base  should not send more than 1 SYNC by interval of 100ms. 

 

A.2.1.4. Emergency Object (EMCY) 
 
It is sent when an error is detected on the card. The managed errors can be of too weak the voltage type of 
power supply, error of communication, generic error, material problem or software…  
The software reloads the 2 variables: Error Codes (V0238) and Error Register (V0236).  
On change of the variable Error Codes processing EMCY is launched (Checking of all the 100ms).  
 
Treatment sequence EMCY :  
 

Sending message EMCY : [ CC1  CC2  RR  00h 00h 00h 00h 00h ] 
CC1 = most significant byte of the error code, 
CC2 = least significant byte of the error code, 
RR = error register. 

 
Filling of the table "Pre-defined Field Error" which backs up of the 20 last errors. 

The last error is in sub-index 1.  
Definition of the errors object: [ 00h  RR  CC1  CC2 ], 
CC1 = most significant byte of the error code, 
CC2 = least significant byte of the error code, 
RR = error register. 

 
The module is put then in status STOP. 

 
Error Code Supported:  
 0000h: no error, reset of the errors.  
 1000h: generic error  
 3000h: voltage of power supply (only on module A44Z1)  
 5000h: material problem  
 6000h: software problem  
 8000h: monitoring 
 
The register error is of format 8bits: 
 Bit 0: generic error  
 Bit 1: current  – Not supported  
 Bit 2: voltage  
 Bit 3: temperature  – Not supported  
 Bit 4: error of communication   
 Bit 5: specific to the hardware  
  Bit 6: reserved  
 Bit 7: specific to the manufacturer 
 

A.2.1.5. Network Management Object (NMT) 
 

This message is used by the Master to change the status modules. 
 
The Cob-id identifier of message NMT is: 000h 
 
Format of the messages:  

Start Remote Node :  [  01h  ID  00h  00h  00h  00h  00h  00h  ] 
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Stop Remote Node :  [  02h  ID  00h  00h  00h  00h  00h  00h  ] 
Reset Node :  [  81h  ID  00h  00h  00h  00h  00h  00h  ] 
Enter Pre-Op :  [  80h  ID  00h  00h  00h  00h  00h  00h  ] 

 
Note 1: ID is the identifier of the module (defined by DIP-switch).  
 
Note 2: One can send these messages to all the modules at the same time by taking a ID equal to 00h. 
 

A.2.2. Status of the protocol 

 

Figure 43 - State Machine of CANOpen  

 
The variable  Status  of card  (PRE OP, OPERATIONAL…)  is  available  in E2565. 

 
The LED CANopen  (see  Figure 4 - Leds, Inters et Strap page  9) flickers according to the status of the module as 
indicated in the table below: 
 

STATUS State of the LED CANopen 
Initialisation Very fast flickering 

Stop Fast flickering 
Pre operational Slow flickering 

Operational Lit continuously 

Figure 44 - List CANOpen states 

 
The definite table following the link between the status and the objects of communication, i.e. the state in which 
CANOpen must be so that a type of object can circulate on the bus CAN: 
 

 Initialisation Pre operational Operational Stopped 
PDO   X  
SDO  X X  
SYNC  X X  
EMCY  X X  
NMT  X X X 

Figure 45 - Links Object/State CANOpen 

 
 

A.2.3. Object dictionary 
All the objects defined by the DS.301 standard are not supported by the cards. The obligatory objects appear, like 
certain optional (COB-ID SYNC, COB-ID EMCY,…). 
 
Obligatoires : 
  Device Type    index 1000h 
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 Error Register   index 1001h 
 Identity object    index 1018h 
  Vendor ID = nonwell informed 
  Product code = nonwell informed 
  Revision number = index of the software: (ex: 135Ah) 
  Serial number = ex: 1203A014h 
 
Optionnel: 

Pre defined Error Field  index 1003h 
  Ss-index 0 : error count occurred (20 au max) 
  Ss-index 1 à 20 : code errors 

COB-ID SYNC   index 1005h 
 Manufacturer device name  index 1008h: « CRE » 
 COB-ID EMCY   index 1014h 

 
The objects concerning the configuration of the SDO' S and the PDO' S are with the indices defined by the standard. 
A server of SDO:   index 1200h 

 Ss-Index 0 : 2 (Nb of under following index) 
 Ss-Index 1 : COB-ID du RxSDO 
 Ss-Index 2 : COB-ID du TxSDO 
 

RxPDO1 Communication Parameter:  Index 1400h 
  Ss-Index 0 : 2 (nb de sous index suivant) 
  Ss-Index 1 : COB-ID du RxPDO1 
  Ss-Index 2 : transmission type 
 
RxPDO2 Communication Parameter:  Index 1401h 
  Ss-Index identique à RxPDO1 
 
RxPDO1 Mapping Parameter:  Index 1600h 
  Ss-Index 0 : 0-4 (Nb of under following index  which is used) 
  Ss-Index 1 : Variable 1 
  Ss-Index 2 : Variable 2 
  Ss-Index 3 : Variable 3 
  Ss-Index 4 : Variable 4 
 
RxPDO2 Mapping Parameter: Index 1601h 
  Ss-index : idem 
 
TxPDO1 Communication Parameter: Index 1800h 
  Ss-Index 0 : 0-5 (Nb of under following index which is used) 
  Ss-Index 1 : COB-ID du RxPDO1 
  Ss-Index 2 : transmission type 
  Ss-Index 3 : inhibit time 
  Ss-Index 4 : réservé 
  Ss-Index 5 : event timer 
 
TxPDO2 Communication Parameter: Index 1801h 
…  
TxPDO20 Communication Parameter: Index 1814h 
  
TxPDO1 Mapping Parameter:  Index 1A00h 
  Ss-Index : idem mapping RxPDO 
 
TxPDO2 Mapping Parameter: Index 1A01h 
…  
TxPDO20 Mapping Parameter: Index 1A14h 

 
Note 1: An error message will be returned for any request towards an object not supported. 

 
Note 2: Correspondence Dictionary of objects and Number of variable  
A new block of variable 3xxx was created for the CANopen objects.  
One finds all the variables (E0000 with E 3 999) starting from the index 2000h (hexadecimal) under index 0.  
Example:  
 E0000   is with   index 2000h  sub index 0, 
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 E1000   is with   index 23E8h  sub index 0, 
 E2000   is  with   index 27D0h  sub index 0, 
 E3000   is  with   index 2BB8h  sub index 0, 
 

 

A.2.4. COMMUNICATION SDO 

A.2.4.1. Format of message  SDO 
[  CS  IIL  IIH  SI  DD1  DD2  DD3  DD4  ] 
 

CS : Specific control (Writing, reading, Nb of byte) 
IIL : LSB of the index of the object considered 

 IIH : MSB of the index 
 SI : Sub Index 
 DDi : data (4 octets max) 
 
Note: Only the simple SDO (without segment) are supported; i.e. the transferable number of bytes of data is 
limited to 4 per message.  
 

A.2.4.2. Format of the data in messages SDO 
 
If the data has a format 16bits (2 bytes), it appears in the message with these bytes of MSB and LSB reversed: 

Message : [ XX  XX  XX  XX  LL  HH  00  00 ] 
    Data 16bits 
If the data has a format 32bits (4 octets), the LSB is on the left, until the MSB all on the right message: 
Message : [ XX  XX  XX  XX  LL  HH  LL  HH ] 
    LSB MSB 
 
In short, one always reads the data "with back":  

The LSB on the left instead of right-hand side and  
The MSB on the right instead of left.  

 
The data received and returned by the A44 modules will be signed or not according to the definition of the 
variable (see  Annexe C " Table of the variables"page  42) 

 

A.2.4.3. Recommendations 
 

 

CAUTION:   
If the RxSDO request is a request for writing on 4 bytes (starts with ` 23h '), then one writes the 2 bytes of 
LSB in the variable indicated and the 2 bytes of MSB on the following variable. This is the format adopted 
for all the variables of the type ` long' on the A44 cards. 

 

 

CAUTION:   
If the RxSDO request is a request for reading of a variable of the type ` long':  

• If request for 2 bytes (starts with ` 4Bh '), then only the 2 octets of  LSB are returned.  
• If request for 4 bytes (starts with ` 43h '), then the 4 bytes are returned. 

 

A.2.5. COMMUNICATION PDO 

A.2.5.1. Format of message PDO 
  
[  DD1  DD2  DD3  DD4  DD5  DD6  DD7  DD8  ] 
 DDi : data 
 

 

SIGNIFICANT:   
PDO messages contain only data. It is thus extremely significant that  the base  and  the regulation 
module are configured the same way so that these data are treated in a coherent way. 
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A.2.5.2. Configuration of the PDO 
 
Each PDO in emission requires the configuration of 3 parameters of communication:  
 

Transmission type (Ss-index 2)  
= 0 : not supported 

    = 1 – 240 : transmitted by multiple of SYNC 
= 254 : transmitted by multiple of 100ms or on change of variable 

    = 255 : not supported 
 Timer event (Ss-index 5)   

= 0 : transmission on change of variable 
    = 1 – 65535 : multiple of 100ms 

Inihibit time (Ss-index 3)  
= 0 – 65535 : minimal interval between 2 of the same PDO Cob-id (10ms) 

  
Note: Like there are no logical inputs/outputs, the configuration of the PDO's will be limited to 4 16bits variables 
to the maximum by PDO (or 2 variables of 32bits). 
 
The mapping and parameters of communication use indexes and sub-indexes defined in standard DS.301.  
For example:  mapping of RxPDO1 in index 1600h  
  mapping of TxPDO18 in index 1A11h 
 
Example of definition of a variable in the mapping: 
Variable 2 of the mapping of TxPDO5: 
 Index 1A04h, sub-index 3 
 Donnée  [ HH  LL  SS  BB ]  
  BB = number of bits of the variable  
  SS = sub index of the variable 
  HH LL = Index of variable (MSB in first) 
 
Bit RTR: no RTR request is authorized. Bit 30 of the COB-ID parameter will not be modifiable and will always 
be equal to 1. 
 
Order of the data in message PDO:  
  [  DD1  DD2  DD3  DD4  DD5  DD6  DD7  DD8  ] 
 
Example:  the V1 variable of the mapping made 16bits,  
  the variable V2 32bits,  
  the variable V3 16bits  
  and not of V4 variable. 
 
Then [DD1, DD2] = [V1L, V1H] 
 [DD3, DD4, DD5, DD6] = [V2LSB-L, V2LSB-H, V2MSB-L, V2MSB-H]  
 [DD7, DD8] = [V3L, V3H] 
 
Numerical example: V1 = 0x1234, V2 = 0x20304050, V3 = 0x2436 
The message will be: [ 0x34, 0x12, 0x50, 0x40, 0x30, 0x20, 0x36, 0x24 ]   
 
Note 1: The mapping and the parameters of communication of the PDO can only be modified in the status Pre-
operational.  
 
Note 2: The values received in RxPDO are signed or not according to the definition of the variable (see  Annexe 
C " Table of the variables"page  42) 
 
Instructions for the configuration of a PDO: 
1. Deactivate the PDO: message [23h, I IL, I IH, 01h,  00h, 00h, 00h, 80h] 
2. Configure the other parameters (trans type, timer..) and the mapping. 
3. Give the identifier Cob-id (DDh, DDh) while remaining deactivated: 
    [23h, I IL, I IH, 01h,  DDh, DDh, 00h, 80h] 
4. Activate the PDO: message [23h, I IL, I IH, 01h,  00h, 00h, 00h, 00h] 
 Note : the identifier will not be crushed by these 00h  at the time of this last message. 
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Concerning RxPDO, the received data are immediately updated in their associated variables. 
 

 

NOTES:   
A certain number of COB-ID are reserved. See table of standard DS301. For example, one should not 
especially take the identifier 0x580 to define the 5 2nd  TxPDO because this identifier is already reserved for 
TxSDO. 

 
 

 

NOTES:   
At the time of a file transfer between a KERYS card and a PC, the CANopen messages are not transmitted 
any more. The transmission normally restarts at the end of the download process. This is due to a higher 
level of priority of the RS-232 connection compared to the CAN. 

 
 

Annexe B CAN Inter-Module 
 

B.1. Description and operation 
 
Each  Module of regulation  has an address ranging from 1 to 16 correspondent with the number of the genset (1-15) 
or with the number reserved to the Mains modules (16).  
 
The information sent by each module on the bus are:  

• kW, kVAR, frequency, voltage, operating conditions (E2071), circuit breaker genset (100ms)  
• Nominal kW, nominal kVAR (1s)  

 
The Mains modules provide the following information:  

• kW, kVAR of setpoint (100ms)  
• Frequency, voltage of automatic and manual synchronization (100ms)  

 
It is possible to see on each  Module of regulation  the parameters sent by all the others:  

• E0042  to  E0057: kW  
• E0073  to  E0088: Nominal kW  
• E0089  to E0104: Nominal kVAR  
• E0109  to E0124: Operating conditions  
• E0132  to E0147: kVAR  
• E0330  to E0324: Frequency  
• E0346  to E0361: Voltage 

 

B.2. Fault CAN Bus 
 
During the exchanges between  the Modules of regulation, if one of the modules stops sending data during more than 
500ms (5 frames), it is declared "Out of order" by the other modules on the network.The error is stored in the E0130  
variable of each module, it will remain to 1 as long as a RESET (E2069 = 1) is not activated. 
The Module of regulation  passes then under degraded operation, the droop voltage and frequency is activated. 
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Annexe C Table of the variables 
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789 :[
789 :\ ]^ _` ab cd e fg c

789 :h ]^ _i ab cd e fg c

789 9 M ]^ _j ab cd e fg c

789 9 8 ]^ _k ab cd e fg c

789 9 : ]^ _l ab cd e fg c

789 9 9 ]^ _m ab cd e fg c

789 9 n ]^ _o ab cd e fg c

789 9 p ]^ _q ab cd e fg c

789 9 ; ]^ _r ab cd e fg c

789 9 [ ]^ ` _ ab cd e fg c

789 9 \ ]^ _` st uvw

789 9 h ]^ _i s t uvw

789 n M ]^ _j s t uvw

789 n8 ]^ _k s t uvw

789 n : ]^ _l s t uvw

789 n9 ]^ _m s t uvw

789 n n ]^ _o s t uvw

789 n p ]^ _q s t uvw

789 n; ]^ _r s t uvw

789 n[ ]^ ` _ st uvw

789 n\ ]^ _` xv u f s f ew

789 nh ]^ _i xv u f s f ew

789 p M ]^ _j xv u f s f ew

789 p8 ]^ _k xv u f s f ew

789 p : ]^ _l xv u f s f ew

789 p9 ]^ _m xv u f s f ew

789 p n ]^ _o xv u f s f ew

789 p p ]^ _q xv u f s f ew

789 p; ]^ _r xv u f s f ew

789 p[ ]^ ` _ xv u f s f ew

789 p\ ]^ _` s fy t d e fg c

789 ph ]^ _i s fy t d e fg c

789 ; M ]^ _j s fy t d e fg c

789 ; 8 ]^ _k s fy t d e fg c

789 ; : ]^ _l s fy t d e fg c

789 ;9 ]^ _m s fy t d e fg c

789 ; n ]^ _o s fy t d e fg c

789 ; p ]^ _q s fy t d e fg c

789 ; ; ]^ _r s fy t d e fg c
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¼½¾ ÌÜ ðñ í Ä Ç Á â ä Ï Á ãÃÐ ÒÈ Ç Å Ã Ï Á ðñ í ×ÇÈ Ô é ãÇ ÒÅò ½ ó ë é Ù Ò × éÈ Ç Å Ã Ï Á ÔÓ Õ Ç Ù Ï Á ãÃÐ ÒÈ Ç Å Ã Ï Á ÒØ Ã Á Ó ÔÓ Ø ðñ í

¼½¾ ÌÝ èÃ Ú Ò Õ Ç Å ÏÈ

Ú Ï ÔÓ

åÙ Ù ôØ Ç Ò Ú Ï ÔÓ èÃ Ú Ò Õ Ç Å Ã Ï Á Ê ¾ Ë ËÌ Ë Í Í Í

¼½¾ É Ê ê À ¿ ½ ÆÇ Õ Ã ÔÃÅ á ¼Á Å È éÓ ÆÃÈ Å ÒÓ Õ Õ Ó ¿ ½ ó ê Ç Õ Ã ÔÃÅ é Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ É½ ê À ¿ ¿ ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ É ¿ ê À ¿Ì ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ÉÌ ê À ¿ É ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ É É ê À ¿ Ë ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ É Ë ê À ¿¾ ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï Ò Ù ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ É¾ ê À ¿ Û ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ É Û ê À ¿Ü ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ÉÜ ê À ¿Ý ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ÉÝ ê ÀÌ Ê ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë Ê ê ÀÌ ½ ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë½ ê ÀÌ ¿ ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë ¿ ê ÀÌ Ì ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ËÌ ê ÀÌ É ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë É ê ÀÌ Ë ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë Ë ê ÀÌ ¾ ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë¾ ê ÀÌ Û ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ Ë Û ê ÀÌ Ü ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ËÜ ê ÀÌ Ý ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ËÝ ê À É Ê ÆÇ Õ Ã ÔÃÅ á Ê ¿Ý Ý Ý Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å

¼½¾ ¾ Ê ê À ¿ ½ ÔÃÈ Ó Ù Å Ã Ï Á Ê Ì Í Í Í ÎÏÐ ÃÑ ÒÓ Ç Ô ÔÃ Å Ã Ï Á Á Ó Õ Õ Ó Ö Á Ó ×ÇØ Å Ï ÒÙ ÂÓ È × Ï ÒÈ Õ Ó Ú Ï ÚÓ Á Å
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õö÷ ÷ ö øù ú úû üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ ÷ ú øù ú � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ ÷ � øù ú� û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ ÷ � øù ú� û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ ÷ � øù ú÷ û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ ÷ ÷ øù ú� û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
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õö÷ ÷ � øù ú� û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ ÷ � øù � �û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � ö û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ö øù � úû üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ú øù � � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù �÷ û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ÷ øù � � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � �û üýþ ÿ � ü� � � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù ú ö � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ö øù ú ú � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ú øù ú � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù ú� � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù ú� � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù ú÷ � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ÷ øù ú� � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù ú� � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù ú� � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � ö � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ö øù � ú � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ú øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù �÷ � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � ÷ øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
 � �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �

õö÷ � � øù � � � 	 � ÿ � ü � � � ú� � � � � � �� � ü� 	þ 
û û ü � ü� � �þ � �þ � �þ 
 
� �� 	 ÿ �þ ý 
� 	ý �þ �� �þ � �
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�� � �G 34 56 7 84 84 9 C 6 C H 9 54 I H C4 9 94 ? @ # #
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Åµ Æ Æ ¿ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ Æ Æ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ ÆÇ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ Æ Á ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ Æ À ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ ÆÈ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ ÆÉ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ ÇÊ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ Ç ³ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯

Åµ Æ Ç µ ©ª« ¬ ­« ® ­¯ ª« ° ¬« ® ­¯ ±² ° ­¯ ª ¯ ­³ ´µ ¶·¸ ¯¹ º« » ¬ ²¼ ½ ¾ ¿µ À Á À ¿µ À Á À Â Â Â Ã²¼ Ä » ¬ ²¼ ¬¼ »¯ °¼ ¯
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ËÌ ÍÎÏ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ ÍÎ Í ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ ÍÎ Î ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ ÍÎ æ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ ÍÎ å ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ ÍÎê ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ ÍÎë ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æì ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æÚ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æÌ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æÏ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æ Í ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æÎ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æ æ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æ å ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æê ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í æë ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åì ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åÚ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åÌ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åÏ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í å Í ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åÎ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í å æ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í å å ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åê ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Í åë ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê ì ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê Ú ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê Ì ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê Ï ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê Í ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê Î ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê æ ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê å ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê ê ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íê ë ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íë ì ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íë Ú ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íë Ì ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íë Ï ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö

ËÌ Íë Í ÐÑÒ Ó ÔÒ Õ ÔÖ ÑÒ × ÓÒ Õ ÔÖ ØÙ × ÔÖ Ñ Ö ÔÚ Û Ì ÜÝÞ Öß àÒ á Ó Ùâ ã äÏ Ì å æ å Ï Ì å æ å ç ç ç èÙâ é á Ó Ùâ Óâ áÖ ×â Ö
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Ö×Ø ÙÚ ÛÜ ÝÞ ßà áâ ãä åæ ç ÛÜ ÝÞ ßà áä è èé ç êëì í ê ä ç Ýì îì èæ íæ î ï ð ñä é òó ê ç ôæ Ü ï ôæ õö ä ÷ø æ í ö ë ä è èé ç êëì í ê ä ç åì îì èæ íæ î ä ù ÛÜ ÝÞ ßú öüûý ç ô êþ é æ õ æ çä è ÷ îæ ôæ òä é òó ê ç ôæ Ü îæ ç òæ êÿ ç �ûÖ×Ø Ù� ÛÜ ÝÞ ßà á ß� óý Þ

áâ ãä åæ ç ÛÜ ÝÞ ßà áä è è Ýì îì è ó á ß�
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ýÞ � õ ä �æ î � ï � ð ð� ð ë ä î îæ ò åä ç ôì é Ü ÷ ê í ï 	 ú ðû
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 ÛÜ ÝÞ ßà ý Þ � áâ ãä åæ ç ÛÜ ÝÞ ßà áä è è Ýì îì è ó á ß�
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ýÞ � é å åæ î � ï � ð ð� ð ë ä î îæ ò åä ç ôì é Ü ÷ ê íú � 	 � ú ûÖ×Ø ×Ø ÛÜ ÝÞ ßà í îì ç òû áâ ãä åæ ç ÛÜ ÝÞ ßà áä è è Ýì îì è ó í îì ç ò è ê ò ò ê ä ç í� åæ ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø × � ÛÜ ÝÞ ßà ê ç � ê ÷û áâ ãä åæ ç ÛÜ ÝÞ ßà áä è è Ýì îì è ó ê ç � ê ÷ ê í í ê èæ ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø × Ù ÛÜ ÝÞ ßà

îæ òæ î
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Ö×Ø × × ÛÜ ÝÞ ßà í ê èæ î áâ ãä åæ ç ÛÜ ÝÞ ßà áä è è Ýì îì è ó æ 
 æ ç í í ê èæ î ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë
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Ö×Ø � � ÛÜ ÝÞ ß� áâ ãä åæ ç ÛÜ ÝÞ ß� áä è èé ç êëì í ê ä ç Ýì îì èæ íæ î ï ð æ Ü å õ êëì í ê ä ç
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ýÞ � õ ä �æ î � ï � ð ð� ð æ Ü å õ êëì í ê ä ç
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 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø �
 ÛÜ ÝÞ ß ð á ß� óý Þ

áâ ãä åæ ç ÛÜ ÝÞ ß ð áä è è Ýì îì è ó á ß�
�

ýÞ � õ ä �æ î � ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ô ä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø �Ø ÛÜ ÝÞ ß ð ý Þ � áâ ãä åæ ç ÛÜ ÝÞ ß ð áä è è Ýì îì è ó á ß�
�

ýÞ � é å åæ î � ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø � � ÛÜ ÝÞ ß ð í îì ç òû áâ ãä åæ ç ÛÜ ÝÞ ß ð áä è è Ýì îì è ó í îì ç ò è ê ò ò ê ä ç í� åæ ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø � Ù ÛÜ ÝÞ ß ð ê ç � ê ÷û áâ ãä åæ ç ÛÜ ÝÞ ß ð áä è è Ýì îì è ó ê ç � ê ÷ ê í í ê èæ ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø �× ÛÜ ÝÞ ß ð

îæ òæ î


áâ ãä åæ ç ÛÜ ÝÞ ß ð áä è è Ýì îì è ó î � òæ î
 � ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø � � ÛÜ ÝÞ ß ð í ê èæ î áâ ãä åæ ç ÛÜ ÝÞ ß ð áä è è Ýì îì è ó æ 
 æ ç í í ê èæ î ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø � � ÛÜ ÝÞ ß � áâ ãä åæ ç ÛÜ ÝÞ ß � áä è èé ç êëì í ê ä ç Ýì îì èæ íæ î ï ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø � � ÛÜ ÝÞ ß � á ß� ó

ý Þ

áâ ãä åæ ç ÛÜ ÝÞ ß � áä è è Ýì îì è ó á ß�
�

ýÞ � õ ä �æ î � ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø �Ú ÛÜ ÝÞ ß � ý Þ � áâ ãä åæ ç ÛÜ ÝÞ ß � áä è è Ýì îì è ó á ß�
�

ýÞ � é å åæ î � ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø �� ÛÜ ÝÞ ß � í îì ç òû áâ ãä åæ ç ÛÜ ÝÞ ß � áä è è Ýì îì è ó í îì ç ò è ê ò ò ê ä ç í� åæ ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë

Ö×Ø �
 ÛÜ ÝÞ ß � ê ç � ê ÷û áâ ãä åæ ç ÛÜ ÝÞ ß � áä è è Ýì îì è ó ê ç � ê ÷ ê í í ê èæ ï � ð ð� ð æ Ü å õ êëì í ê ä ç
 ä ê î ôä ë é èæ ç í ò å �ë ê ù êëì í ê ä ç áâ ãä åæ ç � �ú à ï ï ï ïë û ô ä ë
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QR ST U VW XY Z[ [ \ Z] ^

_ Y

\` ab cd e VW XY Z[ [ \b f f Xg h g f ^ \ Z]
i

_Y jk b ld h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST � VW XY Z[ [ _Y � \` ab cd e VW XY Z[ [ \b f f Xg h g f ^ \ Z]
i

_Y jw c cd h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST R VW XY Z[ [

t h g ex ~

\` ab cd e VW XY Z[ [ \b f f Xg h g f ^ t h g ex fr x x r b e t� cd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST � VW XY Z[ [ r e �r �
~ \` ab cd e VW XY Z[ [ \b f f Xg h g f ^r e �r �r t tr fd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~

v b s

QR ST � VW XY Z[ [

hd x d hu

\` ab cd e VW XY Z[ [ \b f f Xg h g f ^ h yx d hu y n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST � VW XY Z[ [ tr fd h \` ab cd e VW XY Z[ [ \b f f Xg h g f ^ d u d e t tr fd h n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST � VW XY Z[ } \` ab cd e VW XY Z[ } \b f fw er s g tr b e X g h g fd td h n p d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST � VW XY Z[ } \ Z] ^

_ Y

\` ab cd e VW XY Z[ } \b f f X g h g f ^ \ Z]
i

_ Y jk b ld h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR ST T VW XY Z[ } _ Y � \` ab cd e VW XY Z[ } \b f f X g h g f ^ \ Z]
i

_ Y jw c cd h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S S VW XY Z[ }

t h g ex ~

\` ab cd e VW XY Z[ } \b f f X g h g f ^ t h g ex fr x x r b e t� cd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S U VW XY Z[ }

r e �r �
~

\` ab cd e VW XY Z[ } \b f f X g h g f ^ r e �r �r t tr fd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S � VW XY Z[ }

hd x d hu

\` ab cd e VW XY Z[ } \b f f X g h g f ^ h yx d hu y n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U SR VW XY Z[ }

tr fd h

\` ab cd e VW XY Z[ } \b f f X g h g f ^ d u d e t tr fd h n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S � VW XY Z[ q \` ab cd e VW XY Z[ q \b f fw er s g tr b e X g h g fd td h n p d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S � VW XY Z[ q \ Z] ^

_ Y

\` ab cd e VW XY Z[ q \b f f X g h g f ^ \ Z]
i

_ Y jk b ld h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S � VW XY Z[ q _ Y � \` ab cd e VW XY Z[ q \b f f X g h g f ^ \ Z]
i

_ Y jw c cd h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S � VW XY Z[ q

t h g ex ~

\` ab cd e VW XY Z[ q \b f f X g h g f ^ t h g ex fr x x r b e t� cd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U S � VW XY Z[ q

r e �r �
~

\` ab cd e VW XY Z[ q \b f f X g h g f ^ r e �r �r t tr fd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U ST VW XY Z[ q

hd x d hu

\` ab cd e VW XY Z[ q \b f f X g h g f ^ h yx d hu y n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U S VW XY Z[ q

tr fd h

\` ab cd e VW XY Z[ q \b f f X g h g f ^ d u d e t tr fd h n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U U VW XY Z[ � \` ab cd e VW XY Z[ � \b f fw er s g tr b e X g h g fd td h n p d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U � VW XY Z[ � \ Z] ^

_ Y

\` ab cd e VW XY Z[ � \b f f X g h g f ^ \ Z]
i

_ Y jk b ld h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U R VW XY Z[ � _ Y � \` ab cd e VW XY Z[ � \b f f X g h g f ^ \ Z]
i

_ Y jw c cd h m n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U � VW XY Z[ �

t h g ex ~

\` ab cd e VW XY Z[ � \b f f X g h g f ^ t h g ex fr x x r b e t� cd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U � VW XY Z[ �

r e �r �
~

\` ab cd e VW XY Z[ � \b f f X g h g f ^ r e �r �r t tr fd n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s

QR U U � VW XY Z[ �

hd x d hu

\` ab cd e VW XY Z[ � \b f f X g h g f ^ h yx d hu y n op p qp d W ckr s g tr b eu b r h vb sw fd e tx c y sr zr s g tr b e \` ab cd e { |[ } n n n n s~
v b s
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ÅÆ ÇÈ Æ ÉÊ ËÌ ÍÎ Ï

ÐÑ Ò Ð Ó
Ô

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ Ï ÕØ Û Û ËÜ ÝÜ Û Þ ÐÑ Ò Ð Ó Ðß ß Ð ÛÚ à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ ÇÈ È ÉÊ ËÌ ÍÎ Ï

ÝÚ éÚ Ý æ

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ Ï ÕØ Û Û ËÜ ÝÜ Û Þ Ý ê éÚ Ý æ ê à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ ÇÈ ï ÉÊ ËÌ ÍÎ Ï

ß Ð ÛÚ Ý

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ Ï ÕØ Û Û ËÜ ÝÜ Û Þ Ú æÚ Ñ ß ß Ð ÛÚ Ý à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ ÇÈ ð ÉÊ ËÌ ÍÎ ñ ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û èÑ Ð å Ü ß Ð Ø Ñ ËÜ ÝÜ ÛÚ ß Ú Ý à â Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ ÇÈ ò ÉÊ ËÌ ÍÎ ñ Õ Íó Þ

ô Ì

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û ËÜ ÝÜ Û Þ Õ Íó
õ

ô Ì ö ä Ø ÷Ú Ý ø à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ ÇÈ ù ÉÊ ËÌ ÍÎ ñ ô Ì ú ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û ËÜ ÝÜ Û Þ Õ Íó
õ

ô Ì ö è Ù ÙÚ Ý ø à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ ÇÈ û ÉÊ ËÌ ÍÎ ñ

ß ÝÜ Ñ éÔ

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û ËÜ ÝÜ Û Þ ß ÝÜ Ñ é Û Ð é é Ð Ø Ñ ß ü ÙÚ à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ïý ÉÊ ËÌ ÍÎ ñ

ÐÑ Ò Ð Ó
Ô

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û ËÜ ÝÜ Û Þ ÐÑ Ò Ð Ó Ðß ß Ð ÛÚ à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ï Ç ÉÊ ËÌ ÍÎ ñ

ÝÚ éÚ Ý æ

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û ËÜ ÝÜ ÛÞ Ý ê éÚ Ý æ ê à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ïþ ÉÊ ËÌ ÍÎ ñ

ß Ð ÛÚ Ý

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ ÍÎ ñ ÕØ Û Û ËÜ ÝÜ Û Þ Ú æÚ Ñ ß ß Ð ÛÚ Ý à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ïÆ ÉÊ ËÌ Í î à ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û èÑ Ð å Ü ß Ð Ø Ñ ËÜ ÝÜ ÛÚ ß Ú Ý à â Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ïÈ ÉÊ ËÌ Í î à

Õ Íó Þ ô Ì

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û ËÜ ÝÜ Û Þ Õ Íó
õ

ôÌ ö ä Ø ÷Ú Ý ø à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ï ï ÉÊ ËÌ Í î à ôÌ

ú

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û ËÜ ÝÜ Û Þ Õ Íó
õ

ôÌ ö è Ù ÙÚ Ý ø à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ï ð ÉÊ ËÌ Í î à

ß ÝÜ Ñ éÔ

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û ËÜ ÝÜ Û Þ ß ÝÜ Ñ é Û Ð é é Ð Ø Ñ ß ü ÙÚ à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ï ò ÉÊ ËÌ Í î à

ÐÑ Ò Ð Ó
Ô

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û ËÜ ÝÜ Û Þ ÐÑ Ò Ð Ó Ðß ß Ð ÛÚ à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ï ù ÉÊ ËÌ Í î à

ÝÚ éÚ Ý æ

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û ËÜ ÝÜ Û Þ Ý ê éÚ Ý æ ê à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ï û ÉÊ ËÌ Í î à

ß Ð ÛÚ Ý

ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î à ÕØ Û Û ËÜ ÝÜ Û Þ Ú æÚ Ñ ß ß Ð ÛÚ Ý à áâ â ãâ Ú Ê Ù ä Ðå Ü ß Ð Ø Ñ æØ Ð Ý çØ å è ÛÚ Ñ ß é Ù êå Ð ë Ðå Ü ß Ð Ø Ñ ÕÖ ×Ø ÙÚ Ñ ì íÎ î à à à àå Ô
ç Ø å

ÅÆ Ç ðý ÉÊ ËÌ Í î ÿÜ Ù ÕÖ ×Ø ÙÚ Ñ ÉÊ ËÌ Í î ÿÜ Ù Ù ÐÑ � ËÜ ÝÜ ÛÚ ß Ú Ý à � �Ø è éÞ ÐÑ çÚ Ê à
Ô Ñ Ø Û Ó ÝÚ çÚ æÜ Ý Ð Ü Ó ä Ú ÛÜ Ù Ù êÚ é
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Annexe D PC Connection 
 

D.1. Windows  Configuration 
 

 

SIGNIFICANT:   
To connect a PC to  the Module of regulation  it is necessary to use a standard DB9/DB9 straight full cable  
(9 wires).  
Under Windows NT, 2000, XP only the administrator has a total access to the parameters. It is thus 
necessary to be logged as an Administrator. 

 
 

A few steps are required to configure a PC before controlling a KERYS: 
• Check the network properties. 
• Install the modem. 
• Create a Dial-Up Networking Connection. 
• Set-up the internet properties. 

 
Communication between the KERYS and the PC is carried out by Dial-Up Networking. 
The PC must be configured to communicate with a 19.2K bps modem with TCP/IP networking enabled. 

 
 

D.1.1. Check the network properties 
 

• Click Start, Settings, and Control Panel. 
• In Control Panel, double click the networks icon. 
• Dial-Up Adapter and TCP/IP -> Dial-Up Adapter protocol must be present in the list. If they are not there, use the 

Add button to add them into the list. For the 2 components, select the Microsoft constructor. 
• Select Dial-Up Adapter and click on Properties. In the Bindings tab, TCP/IP -> Dial-Up Adapter must be 

enabled. In the Advanced tab, select Enable Point To Point IP and the value must be Yes. 
 
 
D.1.2. Install the Modem 

 
• Click Start, Settings, and Control Panel. 
• In the Control Panel, double-click the Modems icon. 
• In the Modems Properties dialog box, click Add. 
• Only for Windows 95: in the initial dialog box of the Install New Modem wizard, click Other to enable that option, 

and then click Next. For Windows 98 & ME see the next step. 
• In the next dialog box, click Don't detect my modem; I will select it from a list to enable that option, and then click 

Next. 
• In the next dialog box, under Manufacturers, Standard Model Types should be selected. Under Models, select 

Standard 19200 bps Modem, then click Next. 
• In the next dialog box, select Communications Port (COM1) as the port, and then click Next. 
• After Windows installs the modem, click Finish. 

 
D.1.3. Set the Modem Properties 

 
• Back in the Modems Properties dialog box, select the new modem (Standard 19200 bps Modem) and then click 

Properties. 
• In the Standard 19200 bps Modem Properties dialog box (cf. figure 21), under the General tab, ensure that 

Communications Port (COM1) is selected as the Port. Change the Maximum Speed to 19200. 
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Figure 46 - Modem properties 

 
• Under the Connection tab, ensure that the modem is configured for 8 data bits, no parity, and one stop bit. Then 

click Advanced. 
• In the Advanced Connection Settings dialog box, ensure that the Use flow control and Hardware (RTS/CTS) 

options are enabled. Then click OK. 
• Under the Connection tab, click Port Settings. 
• In the Port Settings dialog box, ensure that the Use FIFO Buffers option is disabled. Then click OK. 
• Click OK to close the Standard 19200 bps Modem Properties dialog box and Close to close the Modem Properties 

dialog box. 
 
 

D.1.4. Create a Dial-Up Networking Connection 
 

• Double-click on My Computer, and then on Dial-Up Networking. 
• In the Dial-Up Networking dialog box, double-click the Make New Connection icon. 
• In the initial dialog box of the Make New Connection wizard, where it asks you to enter a name for the computer you 

are dialling, enter KERYS Ensure that the selected modem is Standard 19200 bps Modem. Then click Next. 
• In the next dialog box, phone number must be 1, area code must be empty. Then click Next. 
• In the next dialog box, click Finish. 

 
 

D.1.5. Set the Dial-Up Networking Properties 
 

• In the Dial-Up Networking dialog box, point to the new KERYS connection icon. Click the right mouse button and 
select Properties. 

• Under the General tab, ensure that Standard 19200 bps Modem is selected at the bottom. 
• Under the Server Types tab (cf. figure 22), ensure that the type of dial-up server is set to PPP: Internet, Windows 

NT Server, Windows 98 (or similar PPP setting under Windows 95/ME). Ensure that all Advanced options are 
disabled. Under Allowed network protocols, select TCP/IP and ensure that all other network protocols are disabled.  
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Figure 47 - Dial-up networking options 

 
• Under the Server Types tab, click TCP/IP Settings. 
• In the TCP/IP Settings dialog box (cf. figure 23), click Specify an IP address and type in the following IP address: 

192.168.11.2. The Server assigned name server addresses option should be enabled. The options Use IP header 
compression and Use fault gateway on remote network should be disabled. When all options are set correctly, 
click OK. 

 

 

NOTE : 
For Windows NT, 2000 and XP it is sometimes required to enable the Specify name server addresses 
option. The Server assigned name server addresses is then disabled and DNS and Wins options can be 
left to 0.0.0.0.  

 
 
 

 

Figure 48 - TCP-IP settings 

 
• Under the Scripting tab, ensure that the Start terminal screen minimised is enabled. 
• If there is a Multilink tab, ensure that its Do not use additional devices option is checked, and click OK. 
• Point to the KERYS icon, click the right mouse button, select Create Shortcut, and answer Yes. A shortcut to the 

KERYS icon should appear on the Windows desktop. 
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D.1.6. Set-up the internet properties 
 

• Click Start, Settings, and Control Panel. 
• In the control panel, if you have a WINSOCK software icons. Double-click on it. Turn-off (unchecked) any proxy 

server settings. Click OK. 
• In the Control Panel, double-click the Options Internet icon. 
• Under the Security tab, select Trusted Sites and click on Add Sites…. Check that Require server verification 

(https: ) for all sites in the zone is disabled. In the Zone field write "http://KERYS" and click on Add. Click OK. 
• Under the Security tab, select trusted sites, click on Customize…. In Java (or Java VM for 95, or Microsoft VM for 

ME) and Java permissions, select Custom. Click on Java Custom Settings button. Under the Edit permissions tab, 
enable the Access to all Network Addresses in the Run Unsigned Content part. Click OK. Click OK. If a dialog 
box appears, click YES. 

• Under the Connection tab, click on Never establish connection. Select KERYS modem in the modem list Click on 
Settings, Use a proxy server must be disabled. Click OK. 

• Under the Advanced tab, in the Java VM field (Microsoft VM for ME), check that Java JIT enabled is selected. 
Click OK. 

• Close Control panel. 
• Insert the CD Rom delivered with the KERYS. 
• Copy the file named hosts from cdrom\kerys directory to c:\windows directory. 
 
 
D.1.7. Connect the KERYS 

 
• Connect one end of a DB-9 serial cable to COM1 port of the PC. Connect the other end of the cable to the connector 

labelled RS232 to PC or modem on the KERYS. 
• Double-click the Shortcut to KERYS icon. In the Connect To dialog box, click CONNECT. Click close. 
• If the connection is OK, an icon (2 small computers) in the bottom right of the screen appears. 

 
 

D.1.8. View Web Pages from the KERYS Web Server 
 

After the TCP/IP connection has been established with KERYS, you can view KERYS menus with any standard 
Web browser such as Netscape or Internet Explorer. 
 
• Start the web browser (Internet explorer, Netscape …) . 
• In the “Location” or “Address” field of the web browser, enter the URL of the KERYS: http://KERYS 
• The KERYS password page should appear in the browser window. Enter your password. 
• You can now browse through the different KERYS menus. 
• To close the connection, double-click the connection icon in the status bar of Windows 95/98/ME. In the Connected 

To KERYS dialog box, click Disconnect. Close your web browser. 
 
 

Annexe E Internal PLC 
 

E.1. Introduction 
 

The core of the system of  the Module of  Regulation  is based on a table of preset variables (see  Annexe C " Table of 
the variables"page  42).  
The format used to describe the variables is as follows:  
 

• 1 digit for the type of variable   
 
• 0: Real measurements or real time value (Ex: Voltage phase 1, Fault BUS CAN…)  
• 1: Parameters having to be recorded in FLASH  (Ex: Number of genset, Rated power…)  
• 2: Variables of general use    (Ex: Alarms, Counters…)  
 

• 3 digits containing the number of the variable  
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All the parameters (variables 1000 to 1999) are stored in non-voltile memory (FLASH) in the module. It is possible to 
recover the totality of these parameters thanks to connection PC. All these values can be backed up in a textual file. The 
following chapter describes the format of this file. 

E.2. Description of the text file 
 
The textual file is composed of 5 parts:  
 

• The definition of the parameters  
• The definition of the labels  
• The definition of the units  
• The code of initialization  
• The code of the equations 
 

E.2.1. Block of definition of the parameters 
 
The starting point of this block is marked by the tag  "{PARAMETERS} ".  
Each parameter (variable 1xxx) has an input (line) in this block. The structure of each input is as follows:  

• The number of variable preceded by the letter V  (Ex:  V1006)  
• The current value of the parameter    (Ex:  320)  
• The label of the parameter (indicative)    (Ex:  Nominal Gen KW)  
• The minimal value (code)     (Ex:  +00000)  
• The maximum value (code)     (Ex:  +65535)  

 
Ex:  
{PARAMETERS}  
V1006  320  nominal Gen kw  +00000  +65535  
V1007  1.00  Gen Pt ratio     +00000  +65535  
 
It is possible to directly modify the value of the parameter in the textual file before reloading it in the Module of 
Regulation. The user must then be on the modified value belongs   to the authorized range. In the contrary case, 
an error message will be generated at the time of the downloading.  
It is also possible to download an incomplete textual file. At the time of the downloading, only the parameters of 
the textual file will be updated, the others will remain unchanged. This mechanism makes it possible to download 
the parameters of a former version of the software, or to activate only certain functionalities independently from/to 
each other. 
.  
 

E.2.2. Block of definitions of the labels 
 
The starting point of this block is marked by the tag "{LABELS}".   
Only the virtual digital inputs can appear in this block.  
The structure of each input is as follows:  

• The number of the variable preceded by the letter L  (Ex:  L1130)  
• The text of the label (14 characters maximum)  (Ex:  Sample label) 

 
Ex: 
{LABELS} 
L1130 Sample label 
 

E.2.3. Block of definitions of the units 
 
The starting point of this block is marked by the tag "{UNITS} ".  
 
For  the Module of regulation,  this block is always empty.  
 
List valid units:  
00: no unit  
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01 : V 
02 : kV 
03 : mA 
04 : A 
05 : kA 
06 : Hz 
07 : kW 
08 : kWh 
09 : kVAR 
10 : kVARh 
11 : rpm 
12 : % 
13 : Bar 
14 : mBar 
15 : kPa 
16 : PSI 
17 : ° 
18 : °C 
19 : °F 
20 : L 
21 : Gal 
22 : s 
23 : h 
24 : days 
25 : Hz/s 
26 : m3/h 
27 : Gal/h 
28 : L/h 
 
Ex: 
{UNITS} 
U00029 14 
 

E.2.4. Blocks of initializations 
 
The starting point of these blocks is marked by the tags "{INIT1} ", "{INIT2} " or  "{INIT3} " according to the 
level of  the equations which composes it.  A user connected with the password of level 0 (no password) will never 
obtain these blocks! A user connected to level 2 will obtain the blocks of level 1 and 2 but not 3.  
The utility of these blocks is to allow various codes users (end-user, brought into service, engineering) to be 
carried out with the starting of the module only one and single time. It is possible to program in these 
initializations the setting with 1 or 0 of variables, the configuration of certain parameters to special values.  
For more details on the programming language to see  E.3 " Description of the programming language"page  116. 
 

E.2.5. Blocks of the equations 
 

The starting point of these blocks is marked by the tags  "{EQUATIONS  L1}",  "{EQUATIONS L 2}" or  
"{EQUATIONS L3}"  according to the level of  equations which composes it.  A user connected with the 
password of level 0 (no password) will never obtain these blocks! A user connected to level 2 will obtain the 
blocks of level 1 and 2 but not 3. These blocks contain the equations which will be carried out recurringly (every 
100ms). It is possible to put the equations here not standards to manage a specific operation of the installation (ex: 
Additional thresholds, alarms…)  
 
For more details on the programming language to see  E.3 " Description of the programming language"page  116. 

 

E.2.6. End of file 
 
Each textual file must end in the tag "{END OF FILE} ".  
All the following texts this tag of end are regarded as comments and are not compiled.  
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Note: It is strongly recommended not to add too many comments at the end of the file. Total size not having to 
exceed 62Kbyte. 
 

 

NOTE:   
This file is a textual file alone. To read or to modify it, one never should use a text processing (like 
Microsoft Word) but only a text editor (Notepad for example).  
The size of the file is limited to 62 Kbyte. If a file greater is downloaded in the Module of Regulation, it 
will be rejected.  
It is imperative that the genset is stopped to download a file. Into the contrary case, the file will be rejected.  

 

 

CAUTION:  
At the time of the remote loading, it is recommended to disconnect all the cables except for the power 
supply.  

 
 
 
 

E.3. Description of the programming language 
 
It  is strongly recommended to follow a training before using programming PLC. Contact DSF-Technologies to obtain the 
planning of these trainings. 
 
The PLC is a simplified programming language having a reduced instruction set. It is used to adapt the Module of 
regulation to the application if necessary. The achievable code generated by the internal compiler is intrinsically linear, 
no loop is possible. 
Part "INIT" of the code is executed only at starting whereas part "PROG" is executed every 100ms. 
In the equations sources, it is possible to use the totality of the internal variables of the Module of regulation in the 
following way: 
 

• Variables 0000 to 0999 can be read but not written.  
• The variables 1000 to 1999 can be read and written if they were individually unbolted.  

The modification relates only to the current value, the modified value is not written in FLASH. Attention 
however, it will be written in FLASH at the next request of the user.  

• The variables 2000 to 2999 can be read and written without restrictions.  
 
Note: A variable written by a piece of code of level 1, could not be written a code of level 0. On the other hand, a code of 
level 2 to come to rewrite another value and to cancel the result of the code of level 1. 
 

E.3.1. Instruction set 
 

• Program:     PROG, INIT, .  
• Blocks:      BLOC, BEND 
• Logical operators:     AND, OR, XOR, ! 
• Arithmetic operators:    +, -, *, / 
• Operators of comparisons:   EQ (equal) 

NE (different) 
GT (greater than) 
LT (lower than) 
GE (greater or equal) 
LE (lower or equal) 

• Assignments:    E2xxx:= calculation. 
• Arrays:     E2xxx[calculation]:= calculation 
• Calculations:    Any combination of terms and logical operators or   

arithmetic. 
• Tests:      TEST, THEN, ELIF, ELSE, TEND 
• Incrementings:    INC 
• Decrementings:     DEC 
• Comments:     @ 
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Note 1:  Each instruction must end with a semicolon (;) except the reserved words BEND, ELIF, ELSE, TEND. 
Note 2:  Each block of program started with  a PROG  ends with a dot (.) 

 
Syntax: 

• Examples of tests: 
 
TEST condition THEN instruction TEND; 
If the condition is true then instruction  is executed,  if not  the instruction folllowing TENDS is executed. 
 
TEST condition THEN BLOC instruction; instruction;…; instruction BEND TEND; 
If the condition is true then the instructions contained between BLOCK and BEND are executed, if not the 
instruction folowing TENDS is executed. 
 
TEST condition1 THEN BLOC instruction11; instruction12;…; instruction1N  BEND 
ELIF condition2 THEN BLOC instruction21; instruction22;…; instruction2N  BEND 
ELIF condition3 THEN BLOC instruction31; instruction32;…; instruction3N  BEND 
ELSE BLOC instruction41; instruction42;…; instruction4N BEND 
TEND; 
If the condition1 is true then the instructions11 to 1N contained between BLOCK and BEND are executed, 
if not If the condition2 is true then the instructions21 to 2N contained between BLOCK and BEND are 
executed, if not If the condition3 is true then the instructions31 to 3N contained between BLOCK and 
BEND are executed, if not the instructions41 with 4N contained between BLOCK and BEND executed. 
 

• Examples of calculations and instructions: 
E2680:=(E2000+E2001+E2002+E2003)/4; 
E2680 contains the average of the values of E2000 to E2003. 
 
E2000:=2; E2680[E2000+1]:=10; 
E2000 contains 2, thus E2000+1 is equal to 3 and E2680[3]=E2683 contains 10.  
 
E2680:=(E0030 GT 1450) AND ((E0030 GT 1500) OR E2680); 
Fulfill the function threshold 1500 on the E0030 variable with a hysteresis of 50. 

 
• Examples of conditions: 

TEST E2050 EQ 1 THEN ... 
Execute the instructions if the variable 2050 is equal to 1. 
 
TEST E0030 GT 1500 THEN ... 
Execute the instructions if variable 0030 is larger than 1500. 
 
TEST (!E2046) AND E2055 AND ((E2071 EQ 14) OR (E2071 EQ 15)) EQ 1 THEN …  
Execute the instructions if the variable 2046 is to 0 and 2055 is to 1 and …  

 

E.3.2. Use of the variables 
 

The modifiable variables (2000 to 2999) are used in two manners. When the number is preceded by the letter E, 
the value of the variable is that recorded at the time of the input in the equations (instantaneous photography).   
On the contrary, when the number of variable is preceded by letter X, the value of the variable is the current 
value, which wants to say that it could be modified by part of the code executed before.  
It is strongly recommended to use E2xxx syntax, the X2xx version having to be used only for special purposes 
and identified well by people highly qualified.  
The risk of a badly controlled use of X2xx syntax is the appearance of a nonpredictive operation since depend on 
the code to execute before.  

 
Note  1: All the variables are coded on 16 bits and signed. This means that the maximum value of a variable is 
+32767 and its minimal value is -32768.  
Note 2: When the variable is a floating number, coding remains that of note 1. This means that the programming 
must take account of the position of the comma in the variable. Ex: 1.01 is coded 101. 

 

Annexe F Troubleshooting 
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Annexe G History of the Software 
Version Date Commentaires 

Beta 2 (V0.2) 06/01/2003 First delivered version 
Beta 3 (V0.3) 27/02/2003 First version tested with bench SDMO (03 Mars 2003) 
Beta 4 (V0.4) 28/04/2003 Modifications made in test at SDMO 
Beta 5 (V0.5) 28/04/2003 Idem 
Beta 6 (V0.6) 22/04/2003 - Correction of the management of the numbers with dots by CANopen.  

- On Web site: posting of values 65535 [32767] for the parameters of the whole type 
[signed]. These two points correct the problems of configuration of TC and TP.   
- Harmonization of the DIP switch of CANopen identifier (the made-to-order of 
charts A44Z2). - Addition of a parameter for the selection of configurations PDO (the 
associated program is not implemented).   
- Addition of the V0xxx parameters for filing such as definite the 17/04/03 (the 
associated program is not implemented).   
- Suppression of dependence GENSYS for the applet of the Web site.   
- Taking into account of the parameters V3xxx (CANopen) in the calculation of 
checksum. The speed of update of the checksum depends on the load of the processor, 
mainly on the level of communications (CANopen and TCP-IP in particular). = > To 
await 50ms to be certain validity of the checksum after modification of a parameter. 

Beta 7 (V0.6) 05/05/2003  

Figure 49 – Software revisions 

 
 


