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1. Scope
This specification covers the materials used for the insulation system of the PF1 coil. All electrical insulation applied to ITER PF1 coil windings is formed by a multi-layer sandwich double barrier system manufactured by wrapping non bonded glass-polyimide tapes impregnated with epoxy resin. Given the pulsed nature of PF coils, the presence of voids in the cured composite would degrade the electrical strength. IO specifies a qualified vacuum pressure impregnation process to reduce the presence of voids and guarantee the initial electrical strength during the machine life time.
2. Referenced documents
The following Codes and Standards shall be referred to in this specification: 
ASTM D-882-91, Method A - Standard Test Method for Tensile Properties of Thin Plastic Sheeting
ASTM D-1505-90 - Standard Test Method for Density of Plastics by the Density-Gradient Technique
ASTM D-2176-89 - Standard Test Method for Folding Endurance of Paper by the M.I.T. Tester
ASTM D-1894-90 - Standard Test Method for Static and Kinetic Coefficients of Friction of Plastic Film and Sheeting
IPC-TM-650 Method 2.2.4A - Standard Test Method for Polyimide Resin Film for Electrical Insulation and Dielectric Application
ASTM D-5214-91 - Standard Test Method for Polyimide Resin Film for Electrical Insulation and Dielectric Application
ASTM D-2863-87 - Standard Test Method for Measuring the Minimum Oxygen Concentration to Support Candle-Like Combustion of Plastics
ASTM D-149-91 - Standard Test Method for Dielectric Breakdown Voltage and Dielectric Strength of Solid Electrical Insulating Materials
ASTM D-150-92 - Standard Test Methods for AC Loss Characteristics and Permittivity (Dielectric Constant) of Solid Electrical Insulation
ASTM D-257-91 - Standard Test Methods for DC Resistance or Conductance of Insulating Materials
ISO 527 - Determination of tensile properties of Plastics
ISO 178 -  Standard Test Method for Determination of flexural properties of Plastics
ISO 11357-2 - Standard Test Method for Differential scanning calorimetric of Plastics
ISO 62 -  Standard Test Method for Determination of water absorption of Plastics
IEC 60243-1 - Standard Test Method for Electrical strength of insulating materials
IEC 60112 - Standard Test Method for the determination of the proof and the comparative tracking indices of solid insulating materials
IEC 60426 - Standard Test Method for Determination of electrolytic corrosion caused by insulating materials
3. Ordering information
The amount of insulation system to be procured shall be specified by the concerned Domestic Agency (DA) and shall include appropriate contingency to face unexpected difficulties, to remake rejected parts and to repair parts with insufficient quality.

4. Physical Requirements
All materials used for insulation are chosen to withstand the irradiation level and mechanical cycling at the location of their application, without degradation of its electromechanical characteristics below the minimum design levels. The insulation shall withstand a total neutron fluence of 1x1017 n/m² and an integrated dose of 1x105 Gy of gamma radiation, in the most irradiated areas (the areas facing the CS for PF1 and PF6). Radiation levels in the joint regions are expected to be one order of magnitude lower.

All materials used for insulation are chosen to withstand the thermo cycling loading in the interval from 300K to 6K at the location of their application 
5. Mechanical and Electrical Properties 

5.1 Polyimide tape
· General
Name: polyimide tape
Thickness: 50,8 µm 

Width: 32±0.2 mm 

Unit length: 400±5 m
Storage conditions: Storage in a dry place at temperatures ranging from -10 to +35 ° C and relative humidity of 75%. 
The polyimide tape shall be corona resistant surface treatment

· Properties of polyimide tape
Table 1. Properties of polyimide tape:
	Name of property
	Unit of measurement
	Value
	Test Standard

	Ultimate Tensile Stress (at 23º С)
	MPa
	231
	ASTM D-882-91, Method A

	Ultimate Tensile Stress (at 200º С)
	MPa
	139
	ASTM D-882-91, Method A

	Ultimate Elongation (at 23º С)
	%
	82
	ASTM D-882-91, Method A

	Ultimate Elongation (at 200º С)
	%
	83
	ASTM D-882-91, Method A

	Stretch Factor(at 23º С)
	GPa
	2,5
	ASTM D-882-91, Method A

	Stretch Factor(at 200º С)
	Gpa
	2,0
	ASTM D-882-91, Method A

	Density
	g/cm3
	1,42
	ASTM D-1505-90

	fracture strength
(M.I.T.-test)
	cycles
	55 000
	ASTM D-2176-89

	Yield Strength (3%) (at 23º С)
	МPа
	69
	ASTM D-882-91

	Yield Strength (3%) (at 200º С)
	МPа
	41
	ASTM D-882-91

	Friction coefficient (thin-thin), kinetic
	
	0,48
	ASTM D-1894-90

	Friction coefficient (thin-thin), static
	
	0,63
	ASTM D-1894-90

	Shrinkage, % (30 min. At 150 º С)
	
	0,17
	IPC-TM-650

Method 2.2.4A

	Shrinkage, % (120 min. At 400 º С)
	
	1,25
	ASTM D-5214-91

	Limiting oxygen index
	
	37-45
	ASTM D-2863-87

	Dielectric Strength
	V/m
	240
	ASTM D-149-91

	Dielectric constant
	
	3,4
	ASTM D-150-92

	Corona resistance
	hr at 20 kV/mm at 50 Hz
	>200
	IEC 343

	Volume resistivity
	
	1,5 х 1017
	ASTM D-257-91


The Supplier shall provide the Inspection Certificate which shall include:
· Certificate number;

· Name and designation;
· Name of the manufacturer;
· The batch number;
· Date of issue the Certificate of Conformity;
· Contract number;
· Product name;
· Density;
· Power;
· Date of test;
· Date of expiry;
· Dicamit order;

· Tensile strength;

· Elongation at break;

· Electrical operating frequency intensity;

· Heat contraction rate (Longitudinal and Transverse);

· Dielectric strength.
All documents shall be in the English language and all measures shall be given in the metric system SI. Each document shall be provided as an electronic file in PDF format.
5.2 Fiberglass tape
· General
Name: fiberglass tape
Thickness: 0.25 mm 

Width: 40±0.5 mm 

Unit length: 50±0.5 m
Density of the weave: 66 tex maximum
Fiberglass tape shall be boron free. The boron content shall be measured.

Glass fibers should be R or S-type according to DIN 1250/1 and with the maximun diameter of the fibers of 10um

Fiber surface treatment must not contain any starches, grease or oil; silans are acceptable
Type of woven tapes: 

· plain weave or twill weave tapes;

· no. of threads: wrap-fill: min. 8 – 10/cm

· selvedge yarn, if any, of the same fibre material

Storage conditions: Storage in a dry place at temperatures ranging from -10 to +35 ° C and relative humidity of 75%.
· Properties of fiberglass tape
Table 2. Properties of fiberglass tape (at 23°С):
	Name of property
	Unit of measurement
	Value
	Test Standard

	Density
	g/cm3
	2,48
	ACTM D-2176-89

	Dielectric constant
	MHz
	5,3
	ACTM D-150-92

	Elastic modulus
	GPa
	87
	ACTM D-882-91

	Destruction temperature
	°C
	760
	ACTM D-882-91

	Ultimate Tensile Stress
	MPa
	490
	ACTM D-882-91


The Supplier shall provide the Inspection Certificate which shall include:
· Certificate number;

· Name and designation;
· Name of the manufacturer;
· The batch number;
· Date of issue the Certificate of Conformity;
· Volume of in the package;
· Contract number;
· Product name;
· Confirmation of the absence of boron
· Glass tape width;
· Thickness Glass tape;
· The length of the roll;
· Density.
All documents shall be in the English language and all measures shall be given in the metric system SI. Each document shall be provided as an electronic file in PDF format.
5.3 Compound components
5.3.1 Compound properties
· General
Name: compound components
Compound components consists of: epoxy resin, hardener and accelerator
The minimum pot life of the compound should be 24 h

The mixed compound should require following characteristics.
· Properties of compound

Table 3. Properties of compound (at 23°С):
	Name of property
	Unit of measurement
	Value
	Test Standard

	Tensile strength.
	MPa
	95 - 105
	ISO 527

	Elongation
	%
	7 - 8
	ISO 527

	Bending strength
	MPa
	145 - 155
	ISO 178

	Surface tension
	%
	5 - 6
	ISO 178

	Thermal vitrification
	°C
	105 - 115
	ISO 11357-2

	Water absorption
	
	
	

	10 days at 23°С
	% weight
	0.20 - 0.30
	ISO 62

	60 min at 100°С
	% weight
	0.15 - 0.25
	ISO 62

	Dielectric strength
	kV/mm
	20 - 25
	IEC 60243-1

	Arc resistance
	CTI
	> 600 - <1
	IEC 60112

	Electrical corrosion
	grade
	A1
	IEC 60426


5.3.2 Epoxy resin properties
· General

Name: Epoxy resin
The types of epoxy resin system are DGEBA and DGEBF
The epoxy resin should require following characteristics.
· Properties of epoxy resin

Table 4. Properties of epoxy resin (at 23°С):
	Name of property
	Unit of measurement
	Value
	Test Standard

	Viscosity
	mPa.s
	3300 - 4100
	ISO 12058

	Density
	g/cm³
	1.18 - 1.20
	ISO 1675

	Flash point
	°C
	> 200
	ISO 1523

	Vapor pressure
	Pa
	< 0.01.
	Knudsen


The Supplier shall provide the Inspection Certificate which shall include:
· Certificate number;

· Name and designation;
· Name of the manufacturer;
· The batch number;
· Date of issue the Certificate of Conformity;
· Volume of in the package;
· Contract number;
· Product name;
· Date of test;
· Date of expiry;
· Color Code GARDENER;
· Viscosity;

· Epoxy index;

· Weight.
All documents shall be in the English language and all measures shall be given in the metric system SI. Each document shall be provided as an electronic file in PDF format.
5.3.3 Hardener properties
· General

Name: Hardener
The hardener should require following characteristics.
· Properties of hardener
Table 5. Properties of hardener (at 23°С):
	Name of property
	Unit of measurement
	Value
	Test Standard

	Viscosity
	mPa.s
	50 - 80
	ISO 12058

	Density
	g/cm³
	1.18 - 1.24
	ISO 1675

	Flash point
	°C
	159
	ISO 1523

	Vapor pressure
	Pa
	appr. 1
	Knudsen

	Vapor pressure at 60°С
	Pa
	appr. 10
	Knudsen


The Supplier shall provide the Inspection Certificate which shall include:
· Certificate number;

· Name and designation;
· Name of the manufacturer;
· The batch number;
· Date of issue the Certificate of Conformity;
· Volume of in the package;
· Contract number;
· Product number;
· Date of test;
· Date of expiry;
· Color Code GARDENER;
· Viscosity;

· Free Acid, Eq/kg;
· Free Acid, %;

· Gel time at 140 C;

· Glass transition TG 1/2
All documents shall be in the English language and all measures shall be given in the metric system SI. Each document shall be provided as an electronic file in PDF format.
5.3.4 Accelerator properties
· General

Name: Accelerator
The accelerator should require following characteristics.
· Properties of accelerator
Table 6. Properties of accelerator (at 23°С):
	Name of property
	Unit of measurement
	Value
	Test Standard

	Viscosity
	mPa.s
	5 - 15
	ISO 12058

	Density
	g/cm³
	0.95 - 1.00
	ISO 1675

	Flash point
	°C
	82
	ISO 1523

	Vapor pressure
	Pa
	< 6
	Knudsen


The Supplier shall provide the Inspection Certificate which shall include:
· Certificate number;

· Name and designation;
· Name of the manufacturer;
· The batch number;
· Date of issue the Certificate of Conformity;
· Volume of in the package;
· Contract number;
· Product number;
· Date of test;
· Date of expiry;
· Color Code GARDENER;
· Gel time at 120 C;

· Glass transition TG 1/2
All documents shall be in the English language and all measures shall be given in the metric system SI. Each document shall be provided as an electronic file in PDF format.
6. Documentation
The Supplier shall provide the Inspection Certificate type 3.1 in accordance with EN 10204 which include at least the following information: 

· Description of the material designation and marking

· Lot number

· Identification of Supplier

· Results of mechanical, electric and chemical analysis

· Packaging data.

Delivery documentation condition

· Manufacture’s Quality Plan,

· the Inspection Certificate,
· In case of delivery to the broker, the broker needs to present title - page of Manufacture’s Quality Plan, where is indicated the broker’s company and the signature of the representative of a broker.
7. Quality Assurance Requirements 
Prior to start manufacturing the material, the Supplier shall provide the Quality Plan approved by RF DA and MO ITER.
8. Packaging
The supply covers the following items: 

1. Manufacture of the total quantity of insulation system.

2. Organization of quality at works. Elaboration of all procedures required for the manufacturing, inspection (including analyses), packaging, storage and delivery. Time schedules and documentation.

3. To perform all the inspections and tests during and after manufacturing envisaged in this specification.

4. Storage, packaging and delivery
Each packing of insulation system shall be identified with follow information:
· Name and designation;
· Certificate number;
· Manufacturing date;
The marking shall be performed by impression stamping or other acceptable means agreed between supplier and purchaser.

The supplier shall ensure that consignments comply with regulatory requirements applicable to transport and to the country of destination.
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