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1. Background and objectives

The Max-Planck-Institute fir Plasmaphysik (IPP, EURATOM Association) with its head office
in Garching constructs a new fusion experiment of the Stellerator-type WENDELSTEIN 7-X
(W7-X) which will be set up in the Greifswald branch institute in the next few years. With the
objectives of a fusion power plant, the experiment W7-X is assigned to prove the suitability of
the Stellerator-conception as an alternative to the Tokamak. The experiment is assigned to
prove the suitability of the Stellerator concept for the construction of a fusion reactor de-
signed to generate electric power for commercial needs. Further information may be re-
trieved from our internet site http.//ipp.mpg.de.

The most important technical objectives W7-X include the demonstration of the stationary
operation of a Stellerator and its potentially modular construction. The modularity simplifies
assembly and maintenance and will be of particular significance for the forthcoming plants
which will have to cope with problems of radioactivity. The stationary operation distinguishes
the Stellerator from the inherently pulsed Tokamak and is considered as vital for a plant rele-
vant fusion reactor. Due to the significantly high energy requirements of the normal-
conductive coils, the main magnet field of W7-X is generated by superconducting coils. In
addition there will be The five normal-conductive coils which are externally arranged at the
central machine. These so called trim coils are designed to compensate asymmetries in the
main magnet field. The trim coils are going to be fed by a power supply system including the
power supply units (PSU) for each coil and all auxiliary systems like low voltage power sup-
ply, cooling for the PSU and control system. Fig. 1 gives an overview of all work packages
included in the power supply system.

This technical specification focuses on the PSU and is dedicated to the in kind contribution
by the Princeton Plasma Physics Laboratory (PPPL).

20 kY Experiment kain Centrel
Experiment Grid soeling Warer
PPPL
Exlsting
P8UEx
DC Link Switched Power Safety
Amplifier Disconnect &
Ground
Switch Trim
Coil
Installation Leecal Centrol Feedback
Controller
Incl.DCCTs

Fig 1 Scope of the trim coil power supply project with responsibilities
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2. Basic and additionally applicable documents

The Supplier has to guarantee that his subcontractors receive and observe all the required
information of this technical specification. Copies of this specification may therefore passed
on to other persons. The supplier must establish a modification-service in order to ensure
that any of the modifications of this technical specification and the applicable documents may
be properly passed on to the persons involved in the project. Following documents and this
technical documentation constitute the binding basis to enable the power supply for the trim
coils.

2.1. Enclosed documents (ED)

Following documents constitute equally value parts of this technical specification:

ED1: Identification standard for the trim coil power supply

ED2: Form sheet for progress report

ED3: Form sheet for change request

ED4: Form sheet for Non Conformity Report

ED5: Circuit diagram for control unit (complete plant)

ED6: Flow chart for cooling water supply

ED7: Layout for installation site 1, ground floor, building 3

ED8: Layout for installation site 2, second basement floor, building 0
ED9: Milestone plan

2.2 Applicable documents (AD)

The following documents are of particular significance for the execution of this order. How-
ever, the list does not claim to be exhaustive. Specific regulations of this specification take
priority.

AD1: Quality management systems DIN EN ISO 9001:2008
Corresponds to ISO 9001:2008 Quality management systems — Requirements

AD2: IEC 60364-4-41:2005 Low-voltage electrical installations- Part 4-41: Protection for
safety — Protection against electric shock

AD3: |EC 62103:2003 Electronic equipment for use in power installations
Corresponds to AS 62103-2006 Electronic equipment for use in power installations

AD4: [EC 60146-1-1:2009 Semiconductor converters general requirements and line com-
mutated converters

Corresponds to AS 60146.1.1-2002 Semiconductor converters - General require-
ments and line commutated converters - Specifications of basic requirements

AD5: EN 61000 (Part 2-4:2003, 6-2:2005 and 6-4:2007)

Corresponds to AS/NZS 61000.6.4:2007 Electromagnetic compatibility (EMC) - Ge-
neric standards - Emission standard for industrial environments

AS/NZS 61000.6.2:2006 Electromagnetic compatibility (EMC) - General standards -
Immunity for industrial environments

AS/NZS 61000.2.4:2009 Electromagnetic compatibility (EMC) - Environment - Com-
patibility levels in industrial plants for low-frequency conducted disturbances
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AD6: EN55011 Industrial, scientific and medical equipment - Radio-frequency disturbance
characteristics - Limits and methods of measurement

Corresponds to CISPR 11 Ed. 5.1 b:2010"Industrial, scientific and medical equipment
- Radio-frequency disturbance characteristics - Limits and methods of measurement”

AD7: 2006/95/EG: Low Voltage Directive
AD8: 2004/108/EG: EMC Directive

2.3  Data formats for electronic exchange and definition of system of units

Documents, CAD-models and drawings can be exchanges via CD-Rom, E-mail or FTP. Us-
able data formats:

e MS Word, Excel, Access, Project drawn up with version 2000 -2007
e Acrobat Reader PDF V8-V10
e CATIA V5, version R17: formats STEP(3D), IGES(3D)

Additional data formats may be agreed. However, it must be ensured that the data transfer
can be carried out error-free in both directions.

Reference is made to problems which may result from the different systems of units.

All documents, CAD-models and drawings which the customer delivers are based on the SI-
system (Systéme International d'Unités). The supplier or his subsuppliers shall both apply the
Sl-unit system for his documents including measured values, models, and data shown in
drawings or any other values.

3. Definitions

3.1. PSU

The PSU is a technical unit which consists of a rectifier, transformer, current converter,
safety disconnect switch, current measurement devices, local control with HMI and feedback
control systems, internal cable and bus bar connections including any other necessary ac-
cessories.

The unit comprises all components which are arranged between the 400 V feeding grid con-
nections and the power output to the trim coils. It can consist of multiple cabinets. It is de-
signed to feed one trim coil with electrical power.

3.2. Trim coils

The five (5) trim coils are normal conducting, water cooled copper coils. The two different
types of trim coils (type A four times and type B one time) differ from each other in their ge-
ometry, number of turns and nominal current and therefore in their electrical parameters.
They each need to be supplied with bidirectional direct current from one PSU. Trim coil pa-
rameters of both types are shown below in table 3.2-1.
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Table 3.2-1 Trim coil parameters

Designation Type A Type B
Number of turns 48 72
Conductor cross section (nominal) 180 mm? 180 mm?
Electric resistance (20°C) 54 mQ 59 mQ
Electric resistance (60°C) 62 mQ 68 mQ
Inductivity 18.3 mH 26.2 mH
Nominal coil current 1800 A 1950 A
Dissipated power 200 kW 260 kW'

“at nominal coil current

4. Guaranteed values and minimum functions of the PSU’s

This section describes the technical data and characteristics (guaranteed values) of each
power supply unit. Any data given in the related documents constitute part of this specifica-
tion and shall be referred to. The supplier shall be liable for the technical design of all com-
ponents as well as for the complete system including all data and the required design safety.

Guarantee values shall be verified by tests carried out as per section 5 before delivery. Not-
withstanding the aforementioned, the supplier shall be responsible that the guarantee values,
which can only be demonstrated during operation, can be achieved; in as far as this is within
the responsibility of the supplier and beyond the customer’s competence.

Furthermore, the supplier shall verify that potentially arising interactions, which can be
caused by interconnected components from the scope of delivery, are taken into considera-
tion for the design of the components as well as for the entire system.

If the suppliers comes across any inconsistencies in this specification (e.g. between text and
drawing) he shall obliged to contact the customer immediately.

41. PSU

Each of the five (5) PSU must have the guaranteed values as shown in table 4.1-1. The val-
ues for the PSU for the coil type B will differ from the others because of the significant differ-
ent parameters of the coil. All values have to be reached under the feeding grid conditions as
described in chapter 4.3.1
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Table 4.1-1 Guaranteed values for the power supply units

Designation Type A Coll Type B Coll Comments

Output voltage max. Ugimax 180 V 230V Root mean square; values
to be reached at grid voltage
minus 15 %

Output volte ripple frequency >16 kHz

Nominal output current |, 2000 A 2200 A

Current control range -2000A...+2000A | -2200 A...+2200 A |Contains  zero  crossing
without break

Ramp up / ramp down time 2000 A/s 2200 A/s

Maximum of power losses 25 kW 30 kW Max. difference between
power taken from 400 V
three-phase-power system
and output terminals

Current control accuracy 10 A Difference of momentary
value including residual
ripple of current from set
point value

Long term stability of current 10 A Difference of momentary

(30 min) value including residual
ripple of current from set
point value

Set minimum current value 10 A

Imin

Settling time <100 ms Time period from the first
time the real value reaches
the tolerance band of the
control accuracy to the point
fromwhere the real value
stays inside the control ac-
curacy

Residual ripple of current 5 Ass Maximum  current ripple
(peak to peak)

cos ¢ =0.95 For I, up to 75% I,

>0.9 under 75% |, up to 25% I,
<0.9 under 25%I,

Maximum noise 70 dB(A) accord. to ISO 3744:2010
corresponds to ANSI/ASA
S12.54-2011/1SO 3744:2010

EMC Class 3 An EMC input filter is rec-
ommended for the 400 V
input

Feedback to the grid 12-pulse
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Each power supply unit shall have a local operation and display section (HMI) which has to
enable not less than the below listed functions:

Table 4.1-2 Requirements given for the local operation and display system

Designation

Specifications

Displays

Operational state / Operational readiness
Set point / actual value of output current
Actual value of output voltage

Actual value of input currents

Actual value of input voltage

Error messages

Entries

Set point value of current (internal set point specification)

Switch

On / Off power supply unit

Switching of all operable devices

Key switch for switching between local operation and remote con-
trol *

Switch internal / external set point specification

Local emergency stop

Data links

Interface for Profi Bus DP and Ethernet (TCP/IP)
Interface for hardwired safety signals

Miscellaneous

Differential input for external set point specifications for output
current

Differential outputs for non-reactive readout of actual values for
output current and output voltage

Predefined current ramps for coil excitation and de-excitation
Elapsed operation time counter

* Remote control is enabled by the superordinated control unit (cf. section 4.3.4).

For the differential outputs of the non-reactive output for actual values of output current and
output voltage (cf. table 4.1-2) the below listed measuring accuracy in table 4.1-3 is to be

guaranteed.

Table 4.1-3 Measuring accuracy of differential outputs

Designation

Measuring accuracy

Actual current value

0.2% I,

Actual voltage value

0-4% Udimax.

Limit values for permissible current in the respective circuits shall be manually set in the indi-
vidual PSU. Same values have highest priority and must not be modifiable neither by the
superordinated control unit nor the W7-X-central control.

The PSU need to be designed and completed in such a way that any possible malfunctions
like over-, under voltage in the feeding grid and short circuit in the coil feed cannot affect their
proper functioning and neither the components or rectifiers.

In addition to failures induced by PSU e.g. breakdown of semi-conductor power devices or
overvoltage induced by inductive load, external failures such as breakdowns in the feeding
grid, network, cooling water supplies, short circuit or errors in data communication have to be
considered as well. For this a fast discharge freewheeling circuit has to be provided which
has to assure a controlled switch off for the trim coils.
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4.2. PSU Cooling system

For the entire system it is essential that components which show throughout standard opera-
tion significant loss of power need to be connected to the Institute’s cooling circuit for cooling
or re-cooling. Each heat load has to be monitored with at least a temperature sensor and a
flow switch. The PSU cooling water inlet has to be monitored at least with a pressure sensor.

Necessary cooling circuits for the PSU shall be planned, manufactured and connected by the
supplier. Minimum requests for the cooling system and data relating to the secondary cooling
water circuit of the Institute are shown in ED 6. Details of the primary circuit provided by IPP
will be developed in conjunction with PSU design.

4.3. Interfaces

Significant interfaces are at the power level of 400 V mains, the connection of the high cur-
rent cables to the trim coils, the cooling water supply and the data communicating with the
main control. The following sections describe particular interfaces in detail. Additional
agreements need to be discussed between supplier and customer.

4.3.1. Mains supply
The system voltage is 400 V (+10 /-15%) at a frequency of 50 Hz (+ 1 Hz).

The required power will be provided by a 2000 kVA-transformer (20 / 0.4 kV) which will be
connected to other loads, too. Here from, the Customer will provide 1600 kVA for the trim
coils. The necessary feed-in cable for the PSU goes as far as to the installation site of the
PSU at the ground floor of building 3 and will enter the area from the floor below.

When designing the input feeder bays of the PSU, it needs to be considered that the cables,
which run from the 2000 kVA-transformer, are laid in parallel for each phase. IPP will provide
the details for the cables. Another interface will arise from the emergency stop circuit of the
PSU and the power switches at the outgoing feeder bay of the low-voltage distribution mains.

4.3.2. High current power cables connection

The output connection terminal for each pole of the safety disconnect switch has to provide a
connection area of at least 200mmx x80 mm. The current line to the coil will be done by
means of three 630 mm? cables. The connection will be realised by cable shoes with one
M16 screw connection and MultiContact elements each. The length of one current line (one
way) to the coil will not exceed 60m.

4.3.3. Auxiliary voltage

Necessary auxiliary voltage for all components of the PSU shall be generated from the mains
voltage. Local energy storage mechanisms for auxiliary voltage must ensure that voltage
variations can be kept as low as possible to guarantee the faultless functioning of all con-
nected components. When components are operated from energy storages, it must be en-
sured that the components do not influence each other negatively.

4.3.4. Data communication with the superordinated trim coil control unit

All local controls of the PSU will be connected to a superordinated trim coil control unit. The
superordinated control unit coordinates the interacting of the five (5) PSU and their auxiliary
systems; it supervises the PSU and the auxiliary systems and allows communication with the
W?7-X main control. ED5 shows the circuit diagram of the power supply control with its essen-
tial components and functions. The following operational mode will be provided by the su-
perordinated control unit:

a) Standard operation
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Under standard operation the W7-X-main control is the master and directs all specified val-
ues; start or stop commands and the release signal for the central supervision of the experi-
ment and thus the remote control of the complete power supply system.

The superordinated control unit checks the signals coming from the W7-X-main control for
plausibility and compatibility with the loads imposed on the PSU and directs the respective
commands to the PSU. Same also receives and imparts signals to the W7-X-main control.

For standard operation, interventions from the superordinated control unit must be allowed to
ensure that the plant can be put into safe operation by the superordinated trim coil control
unit as well.

b) Autonomous remote operation

For autonomous remote operation, the superordinated trim coil control unit is the master and
directs the specified values and facilitates the remote control for the complete power supply
system. Pre-processed feedbacks from the PSU must however be passed on to the W7-X-
control room.

c) Autonomous local operation

For autonomous local operation, the superordinated control unit passes the user rights on to
the individual PSU which can then be controlled via their HMI.

Additional agreements like a detailed signal list shall be made between Contractor and Cus-
tomer after awarding of contract.

4.3.5. Local Fast Control Station

The differential outputs of the non-reactive output for actual values of the output current and
voltage will be fed to the Local Fast control station (cf. ED5).

4.3.6. Local Safety Control

Each PSU has to provide and receive hard wired safety signals which will be connected to a
local safety control unit (cf. EDS). Table 4.3-1 shows the minimum signals that need to be
established. All safety relevant components have to be of the safety category SIL 2 accord-
ing to IEC 62061
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Table 4.3-1 List of minimum safety signals

Signal Source Realization Safety function
Safety control Potential free | Lack of clearance while the PSU
Clearance safety contact | is switched off will prevent the
(closing contact) switching on of the PSU
Clearance = | Subtraction of the clearance
closed while the PSUs are on will
switch off the PSUs
PSU is PSU Potential free | Secured off will be signalled if all
safety contact | main breakers on the feeding
Secured Off (closing contact) grid side are switched off and
Secured off = the safety disconnect switch is
closed activated.
Safety control Potential free | Activation of the emergency stop
Emergency safety contact | of the safety control has imme-
Stop (closing contact) diately activate the emergency
active = open stop procedure of each PSU.
PSU signals PSU Potential free | Will be signaled if the local
safety contact | emergencs stop of the PSU has
glt”gergency (opening contact) | been  activated and the
P Signal Emergency | €mergency stop procedure has
St?)p _ closec? Y | been carried out
4.3.7. Cooling water supply

Each PSU has to provide an in- and outlet with valves for the cooling water supply. If the
PSU is divided into several cabinets, each cabinet that has to be connected to the cooling
water supply has to provide an in- and outlet with valves to ensure that every single PSU can
be disconnected completely from the cooling water supply.

4.4. Spatial arrangements

The PSU shall be arranged in two separated location. The safety disconnect switch will be
located in the second basement of the Torus Hall (building 0). All other components will be
arranged at the ground floor of building 3. For the connection of the high current line between
the both locations a cable tray infrastructure already exists. It is designed to carry up to 30
cables with a diameter of up to 45 mm.

441. Arrangement ground floor building 3

The PSU components shall be arranged on an approx. 37 m? area and are to be positioned
within the marked areas (cf. ED7). The whole area will have a raised floor which enables the
cable routing from below the cabinets. The height of the components must not exceed 2.3 m.
The height of the ceiling is 2.9 m while the raised floor will have a height of about 450 mm.
The distance to the location in the 2" basement of building 0 is about 25 m. The supplier
shall be liable to check all measurements after awarding of contract.
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For transport and installation, below listed constraints are to be observed prior to planning:

e Crane (up to 100 t) and fork lift (up to 5 t) transport inside building 3 close to the installa-
tion area can be enabled

¢ In the installation area the point load for one raised floor segment of 600 mm x 600 mm is
10 kN

442 Arrangement 2" basement building 0

The safety disconnect switches shall be arranged on an approx. 12 m? area and are to be
positioned within in the marked areas (cf. ED 8). The height of the components must not ex-
ceed 2.1 m. The supplier shall be liable to check all measurements after awarding of con-
tract.

For transport and installation, below listed constraints are to be observed prior to planning:

e Crane transport from the assembly platform in building O (trafficable for forklifts up to 5t
total weight) to the 2" basement floor of building 0 (transport weight 3 t) can be enabled

e Ceiling opening to the 2" basement floor 1 m x 1.80 m

e Transport on 2" basement floor only with industrial trucks
Note: pipes and cable below the ceiling may reduce the height to 1.8 m, the breadth be-
tween the columns on the 2" basement floor is locally narrowed to 1.2 m, the Customer
can provide detailed room measures if requested, however, all measures provided shall
be checked by the Contractor

e Max. permissible traffic load on the 2" basement floor in building 0: 20 kN / m?

e Max. permissible impact load on 2" basement floor in building 0: 125 kN

4.5, Special operating conditions

Due to the scattering of the Stellerator field, significant magnet fields around the power sup-
ply components which are located in the 2™ basement of building 0 are to be expected. High
current leads of other power supplies are likely to carry up to 20 kA. This and the scattering
fields arising from own and other high current connections must not affect the proper func-
tioning of the PSU components. Electromagnetic compatibility of relays, rectifier, current
measurement systems and control facilities for an external magnet field of up to 5 mT must
be ensured. The supplier has to proof the usability of all components with certain tests or
documented experiences. The use of glass tube relays is not permitted. For test purposes,
the Customer can provide adequate magnetic fields for smaller components. With regards to
ongoing tests, the Contractor shall notify his requests for tests in due time.

During plasma operation, a dose rate of up to 10 S/h can be generated in the experiment
hall. It is therefore not allowed to enter the experiment hall during plasma operation. Access
will be admitted only during stand-by-operation i.e. without active magnet field. Therefore, the
PSU components which are located in both locations need to be installed in such a way that
people will not be exposed to any risk. An electric operation sector shall be accommodated
at both locations.

4.6. Grounding

Every PSU is to be equipped with a local grounding device. It shall be positioned at a suit-
able site and must be clearly visible.

The grounding of the PSU at the output shall be centrically arranged via resistances which
decrease potential ground current to max. 2 A (cf. figure 2). The circuit breaker is designed to
eliminate potential arcs by switching off the ground current.
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Groundingresistor

.

Trimcoil —
—_

|::| Groundingresistor

fig. 22 Grounding of PSU

47. Life time

With regard to the at least 15 years total life time of the experiment, design and construction
of the components will have to meet the demands for material properties, material composi-
tion and treatment. If the state of technology does not permit to guarantee for the requested
lifetime-reliability, preventive measures (e.g. maintenance, service and periods for removal
including the possibly required manufacturing of spare parts) must be suggested.

4.8. Environmental protection, waste disposal, safety

The complete plant including its components must certify its compliance with the environ-
mental and safety restrictions issued for the protection of people and the environment. A
waste disposal plan must be drafted if environmentally-harmful substances are intended for
use during the commissioning or operation of plant. Special safety measures must be taken if
plant elements contain explosives.

5. Tests

This section describes the manufacturing- and final tests to ensure observance of the guar-
anteed values. The Contractor is liable for the execution of these tests and has to prepare
detailed test procedures, instructions and protocols for the Customer.

All necessary tests must be definitely carried out in compliance with the standards and rules
valid at the time of delivery.

For the tests a trim coil of Type A and B or a dummy load with the electrical properties of the
trim coils has to be provided by the contractor. In case the Contractor cannot provide the
appropriate coils, alternative tests shall be carried out to verify specific characteristics.

The Contractor has to elaborate suitable test or alternative test procedures in accordance
with point 8.4.

For the respective test, the Contractor has to provide the necessary documents and material
such as pre-test documents, drawings, protocols, calibrations, specifications and test instruc-
tions for non-destructive tests, test dummies, work specimens etc.

If a test reveals deficiencies, it must be partly or completely repeated after rectifying. For ir-
reparable deficiencies, a report of deviations must be submitted the IPP for further decision
taking.

Customer and Contractor will have to agree upon details of the test procedure after contract
agreement.
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5.1. Plant manufacturing tests at the Contractor’s premises

5.1.1. Testing of first PSU

After completion of the first PSU for the trim coil Type A and of the PSU for the trim coil type
B, the manufacturer will have to carry out following described tests in the presence of the
Customers’ representatives:

With regard to the current standards and rules, the supplier is particularly asked for a type
test according to AD4 point 4.1.4 which includes:

- Insulation test (pt. 4.2.1)
- Functional Test (pt. 4.2.2)
- Test with nominal current (pt. 4.2.3)
- Determination of power losses (pt. 4.2.4)
- Temperature rise test (pt. 4.2.5)
- Test of auxiliary components (pt. 4.2.7)
- Test of semiconductor control units (pt. 4.2.9)
- Test of safety components (pt. 4.2.10)

with additionally the determination of efficiency (point 4.2.6), and determination of superim-
posed periodic quantities on the d.c.-side (point 4.2.15).

Compliance with the requirements for emitted interference according AD5 and interference
immunity according AD6 has to be proven.

Furthermore the proper functioning of the PSU component under the influence of the static
magnet fields, as described in section 4.5, must be verified.

5.1.2. Tests for the remaining three PSU

The remaining three PSU have to be serially tested in compliance to AD4 point 4.1.4 which
includes:

- Insulation test (pt. 4.2.1)

- Functional Test (pt. 4.2.2)

- Test of auxiliary components (pt. 4.2.7)

- Test of semiconductor control units (pt. 4.2.9)

- Test of safety components (pt. 4.2.10)
5.2. Final testing after assembly

The final test will have to verify all guaranteed values as described in section 4 of this speci-
fication and in particular table 4.1-1, 4.1-2 and 4.1-3 by operating the trim coils. The proper
functioning of each PSU and the PSU reaction to error messages shall be demonstrated on
site. Partial acceptance of individual PSU can only be ensured after successfully completed
final test.

6. Design information

Due to the considerable distances between the two installation areas and the trim coils, the
ohmic resistances and inductivity of high current lines including the connections are to be
taken into consideration for the design of the PSU. Furthermore, reference is also made to
the under point 4.3.1 described tolerance of the system voltage which shall be regarded for
the design of the PSU.

Page 16 of 23



Technical Specification Power 1-AAQ [-S0001.0
Supply Trim Coils

7. Definition of Project Phases and Milestones

Project phases, activities, deadlines and the relevant technical milestones for the execution
of this order are defined in the milestone plan ED9. They shall be understood as a rough
structuring. It shall be at the discretion of both contractual partners to refine this structure if
necessary. The supplier has to integrate these sequences in his time schedule.

The milestone dates represents the customer target dates. The milestone plan in ED9 will be
replaced by a binding milestone plan developed by the supplier in agreement with the cus-
tomer.

Completion of a project phase or essential activities is defined by a technical milestone. As a
rule, customer and supplier shall meet for a review of completed activities whenever a new
milestone has been reached. If not otherwise agreed, the supplier has to provide the cus-
tomer with the documents that are required for the respective milestone not later than fifteen
(15) working days prior to the arrival date of such a milestone. Supplier und customer shall
make efforts to achieve mutual agreement on the documents.

8. Execution of order

Within the scope of this contract, the supplier has to execute all activities listed in this sec-
tion. The supplier shall be solely liable for the correct execution of this order

In general, all documents to be released by the supplier must be submitted to the Customer
in triplicate (documents in hardcopy form) or duplicate (documents on CD-ROM, DVD) at
least fifteen (15) working days prior to the agreed deadline of release.

After the review by the customer, the supplier receives a commented copy of the submitted
documents and the release note “Checked for IPP purpose” (“auf die Belange des IPP
geprift’) and an IPP-document number. For each revision the supplier must submit to the
IPP the relevant documents once again for review and release.

Review and release of documents by the customer does not release the supplier from his
overall liability and contractual obligations.

The costs that arise from the disregard of the release conditions are at the expense of the
supplier.

The supplier has to carry out all tasks that are necessary for the execution of the contract.
These include all the below listed tasks, but are not limited to them

8.1. Design

The supplier prepares the detailed design for the power supply. After completion of all design
activities customer and supplier shall meet for a design review. Afterwards, the supplier shall
submit all necessary documents for release by the customer. Prior to delivery, a representa-
tive of the supplier has to check and sign all documents.

Release of documents by the customer is subject to the procedure as described under point
8.

Subsequently, the supplier shall prepare the production documents. As described under 8, all
production documents shall be submitted for release to the customer prior to production.

8.2. Pre-tests

The supplier shall conduct all necessary pre-tests e.g. magnet field immunity tests to verify
required guarantee values. The supplier shall be in charge for the planning and test set-up,
carrying out, evaluation and documentation of the required pre-tests.
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8.3. Production

For all production processes which include guaranteed values, the supplier has to elaborate
the necessary documents such as work instructions, qualification reports, and production and
test sequence plans etc. Production may not start until the Customer has released the corre-
sponding documents.

Release of documents is subject to the procedure as described under point 8.

84. Tests and inspections

The obligation of the contractor regarding quality assurance for this contract includes, how-
ever not limited to, the execution of all tests and checks as described under section 5. Where
necessary, the contractor has to suggest his own test procedures that will have to be agreed
upon with the customer.

All tests shall be carried out in accordance with a detailed written test procedure. These pro-
cedures shall be submitted to the Customer for release at least ten working days prior to the
first execution of a test.

Prior to testing, forms have to be prepared indicating the type and extend of the test (guaran-
teed values to be tested, the test conditions, limiting values to be kept, test frequency,
method of testing, test medium and evaluation criteria). The prepared test form sheets shall
be submitted to the Customer for review and release at the latest fifteen working days before
execution of the first test.

All necessary documents and material such as pre-test documents, drawings, protocols,
calibrations, specifications and test instructions for destructive and non-destructive tests, test
dummies, samples etc. shall be made available by the Contractor for each test. The Contrac-
tor is liable to provide for suitable measuring and test equipment and has to guarantee that
these are in perfect working condition.

The Customer assumes that the Contractor’'s test equipment is calibrated and in perfect
working condition to fulfil the currently applicable standards.

At the latest ten working days after completion of the test, the Contractor shall submit a copy
of the completed test form and protocol to the Customer.

If the test result does not comply with the requirements of this specification or the current
regulations, the Contractor has to prepare a quality deviation report which informs about the
causes for quality deviations, necessary repair and correction measures including potential
extra tests. Any further proceeding must be coordinated with the Customer. The Contractor
has to bear the costs for this.

8.5. Procedure in Case of Changes

In case the supplier plans changes in documents/procedures/materials etc. which were re-
leased by the customer before, the supplier must submit an change request (form sheet ED
3). Changes require the approval and release of the customer.

8.6. Delivery

Delivery of components shall be coordinated with the Customer and needs to be notified at
least fifteen working days prior to delivery. For further delivery details, please see section 11
and 12.

8.7. Assembly and commissioning

The supplier has to ensure that only qualified staff will be entrusted with assembly and com-
missioning. Furthermore, the supplier has to ensure that necessary material; devices and
tools are available. The Customer assumes that the staff employed with the supplier is ade-
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quately qualified and all used material, devices and tools are up to the currently applicable
standards and rules.

8.8. Declaration of conformity

The supplier prepares a declaration of incorporation for the supplied power supply according
to the EC directive 2006/95/EC , dated 12 December 2006 on low voltage application (Ap-
pendix ).

9. Project management

The supplier has to appoint a project manager for all contractual matters and nominates the
member of the project team with their assigned tasks.

The supplier is obliged to submit the customer a detailed time schedule for all important ac-
tivities four weeks after the effective date of contract. This schedule is to be based on the
milestones given (see section 7). The time breakdown structure must be set with at least two
(2) weeks.

The supplier is obliged to update his time schedule monthly during the execution of contract.
For exceptions, the customer may demand shorter time periods and further refining of the
schedule. Progress shall be documented in work packages.

In case of circumstances affecting the time schedule, the supplier is obliged to take suitable
measures to ensure that the deadlines agreed upon will be met. It shall be not permissible to
shorten fabrication steps with technically dictated periods in order to compensate for an ex-
isting delay.

The supplier has to inform the customer regularly on the progress of works. His reports shall
be delivered to the customer until the 15" of each month at the latest (see ED2 form sheet).
In case of serious technically dictated problems or problems endangering the contractually
agreed milestones, the customer shall be allowed to request shorter reporting periods. Re-
ports shall be drawn up on the basis of the time schedule and need to be clearly laid out.

Independent from the regular reporting, the customer has to be informed about any circum-
stances which might have potential effects on the time-schedule. In case of serious problems
endangering the contractually agreed milestones, the customer must be informed without
any delays. Notification shall be given in writing (e-mail or fax).

The suppliers shall allow the customer or his representative without any restrictions to moni-
tor relevant procedures for the order handling at the supplier's and his sub supplier's prem-
ises. The supplier must prepare all the minutes of the meetings with the customer within five
working days. The minutes must be signed by the chief negotiators of both sides. The signa-
tures only confirm that the minutes correctly represent the agenda of the meeting and the
agreed upon actions. Handwritten minutes of the meeting signed by the chief negotiators are
regarded as sufficient for normal meetings

10. Quality management

The execution of this contract requires an excellent documentation of the supplier throughout
all phases. For the scope of supplier’s obligations see chapter 11. Documents have to be
prepared with MS-Office applications wherever necessary and feasible. For particular cases,
customer and supplier shall have to agree upon the use of special CAD-software.

The specification of the documents to be prepared and parts to be developed or manufac-
tured must comply with the specification standard for W7-X.

For reports, protocols etc, the supplier shall get his own number ranges (cf. document ED7).
Additional document numbers (KKS-numbers) will be allocated by the customer on request,
but no later than the first examination of the relevant document and must appear on the very
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spot of each page of any further issue of the document. Independently from the customer’s
documentation; the supplier must maintain a list of all prepared documents indicating the
status of revision.

Any deviations from the W7-X identification standard for the execution of this contract e.g.
production related standards require the consent of the customer.

Change requests, non-conformity reports and applications for extra release shall be duly
submitted (cf. chapter 8, ED2, 3 and 4). All measures suggested require the compulsory
consent of the customer and shall be executed only after the customer’s approval. The sup-
plier must record, document and inform the customer immediately about deficiencies and
contradictions occurring throughout the execution of this contract. In case that any circum-
stances affect the price, schedule or guarantee, the supplier shall apply for contract amend-
ments.

11. Scope of delivery
The scope of delivery includes all parts and documents listed under 11.1 and 11.2.
11.1  Components to be delivered
The following components are to be delivered:
- five PSU

- cabling, connection leads, fittings and parts listed under point 4 of this technical
specification

- Special devices and tools which are necessary for handling, installation, operation
and maintenance

- Licences for applied software development environments (e.g. Step7, WinCC etc.)
and issued for the IPP including the necessary handbooks

- Necessary hardware for applied software development environments (such as
PC/Laptop, interface cable, development boards etc.)

11.2 Documents

Following contractual documents are to be submitted to the customer either accord. to time
schedule or within the time period agreed upon. Note that the plant documentation is not the
same as the contract documentation.

11.2.1 Contract documentation

Contract documentation comprises all documents which are required for the execution of
contract on the part of the Contractor and Customer. These documents are shown in table
11.2.1-1.
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Table 11.2.1-1 Overview contract documentation

Title Quantitiy Deadline Comments
1 Project management plan 1 VB + 3 months new version after
modifications
2 | Quality management plan 1 VB + 3 months new version after
modifications
3 | Time schedule/plan of proce- |1 VB + 6 months every following
dures month
4 | Progress report 1 every month, on 3rd WD
5 | Application for modification " if requested
6 |Protocol 5 WD after meeting
7 | Production plan 15 WD prior to produc-
tion
8 |Test documents ? 15 WD prior to produc-
tion
9 |Test protocols ? 10 WD after test
10 | Protocols 5 WD after meeting
11 | Deficiency report If required

" Modifications which refer to the plant will be attached to the plant documentation (cf.
11.2.2.3).

2 Constitute part of the plant documentation

11.2.2 Plant documentation

The plant documentation includes all documents which describe the design, production,
tests, installation and operation of the plant and the plant with all its components. The docu-
mentation includes a life service file for every main component of the plant and the docu-
ments which the subcontractors have to prepare within their scope of work. Furthermore, it
also contains the documentation of the software and the applied programs.

11.2.2.1 Design documentation

The design documentation includes the following documents; however it is not limited to
them. The Customer reserves the right to request more detailed information at any time.

- Requirements specification

- Calculations

- Simulations

- Pre-tests

- Design drawings

- Circuit diagrams

- Program schedules

- Arrangement plan

- Determination of software documentation (cf. 11.2.2.4)
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11.2.2.2 Production documentation

The production documentation includes the last version of the design documentation and the
following documents; however it is not limited to them. The Customer reserves the right to
request more detailed information at any time.

- Production drawings
- Production instructions
- Wiring and terminal diagram
- Cable installation diagram
- Parts lists
- Data sheets for vendor parts
- Acceptance protocol for vendor parts
- Documentation of self-produced electronic components including:
e Circuit diagram
e Layout of boards
e Parts list

e Description of function

Assembly instructions

Operational and maintenance instructions

11.2.2.3 Documents for delivery

This documentation includes the final draft of the production documentation and the following
listed documents; however it is not limited to them. The Customer reserves the right to re-
quest more detailed information at any time.

- Installation- and assembly instructions
- Repair documents
- List of modification applications

- List of quality deviations

11.2.2.4 Software documentation

If the installation and compilation of the software development environment or the software
projects require settings or parameterizations which differ from the descriptions given in the
handbook or turn out to be incomplete, detailed instructions must be prepared. Same must
enable the Customer to adapt the delivered software projects and the software development
environment at any time.

If feasible, the documentation of the software projects shall be enabled with a software tool
(e.g. Doxygen and Dokpro for Step 7) to prepare the paper documentation as well as Html-
assistance. The source code must be documented in compliance with common rules.

11.2.2.5 Documentation for final acceptance test

The final documentation includes the last version of the documentation from pt. 11.2.2.3 and
11.2.2.4. It comprises up-dated as build data (arrangement plan and cable installation dia-
gram), but is not limited to them.
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12 Terms of delivery

After inspection in the manufacturing plant, the supplier informs the customer of the readi-
ness for shipment and agrees the delivery date together with the customer. Shipment may
only be executed after customer’s approval.

The Contractor shall be responsible for proper packaging, transport and handling.

Storage, packaging, conservation and transport of components must be carried out appropri-
ately in order to protect them from any quality deterioration. Sensitive components (e.g. ter-
minals) must be transported and stored in special containers to protect them from any dam-
age or overstrain.

The Supplier will have to bear any costs caused by improper packaging, storage or transport.

Products must be clearly and unambiguously marked to enable their identification at any
time.

If necessary, transport devices with lifting gear shall be mounted; all lifting points for crane
gear must be marked.

Same shall also apply to all details referring to transport of dismantled components.

13 Assembly and commissioning

The PSU shall be installed at the premises i.e. in the rooms of the IPP in Greifswald and
must comply with common technical rules and instructions. Assembly includes all electrical
as well as any other connections which are necessary for the proper functioning of the sys-
tem.

The rooms where the plant is to be set up are at the beginning not classified as electrical
operating areas. The Contractor is liable for the planning and implementation of necessary
safety instructions and protective measures for the plant; this applies in particular to tempo-
rarily high-voltage plant components. To accomplish works, the Contractor has to establish
special operating sectors. Adequate decisions have to be taken together with the Customer’s
building department and the respective responsible divisions.

For assembly restrictions please refer to point 4.4 of this technical specification.

Commissioning shall be effected after completion of the entire power supply system and in
interconnected operation with all trim coils.

Commissioning will include the operation of all PSU via local operation panels, operation of
one or more PSU by superordinated control, handing over of user rights to the W7-X control
room and the remote control of the entire plant via the W7-X control room including reactions
of the entire plant.
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