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The reproduction, transmission or use of this document or
contents is not permitted without express written authority
of M&I Materials Ltd.

All rights, including rights created by patent grant or
registration of a utility model or design, are reserved.

M&I Materials Ltd hereby confirms that the information
described herein accurately reflects the state of the
current products. Nonetheless, differences might exist and
therefore we cannot guarantee that they are completely
identical.

The information given in this publication is reviewed

at regular intervals and any corrections that might be
necessary are made in the subsequent printings. If in doubt,
please contact M&I Materials Ltd or your geographical
authorised representative.

© M&I Materials Ltd 2026.
Registered Design No. ZL201630317880.5.
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These operating instructions do not purport to cover all
details or variations in equipment, nor do they provide for
every possible contingency to be met in connection with
installation, operation or maintenance.

Should further information be desired, or should particular
problems arise which are not covered sufficiently for the
purchaser’s purposes, the matter should be referred to M&l
Materials’ Sales Office.

The contents of this Installation & Maintenance Manual
shall not become part of or modify any prior or existing
agreement, commitment or relationship.

The sales contract contains the entire obligations of M&I
Materials Ltd. The warranty contained in the contract
between the parties is the sole warranty of M&I Materials
Ltd. Any statements contained herein do not create new
warranties or modify the existing warranty.
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1.0 Safety Information

Metrosil varistors may be subjected to electrical Voltages - death, severe bodily injury or significant material damage
can occur if these safety measures are not followed. Only qualified personnel who are knowledgeable about the
varistors and the provided information, can install, operate or troubleshoot the varistors.

The varistors must be installed in accordance with all relevant safety regulations and other national or local
regulations. Operational safety and reliability must be ensured by correct grounding, cable dimensioning and
appropriate short-circuit protection.

Ensure that the power supply is disconnected and locked out before carrying out visual checks and maintenance
work. Both varistors and excitation systems have hazardous voltage levels present. Carefully follow the relevant
instructions and observe all danger, warning and cautionary instructions.

This does not represent a full listing of all the measures necessary for safe operation of the equipment. If you require
further information, or if problems occur that are not handled within this Installation & Maintenance Manual, please
contact your local M&I Materials office for further advice.

The safe and successful operation of this equipment is dependent on proper handling, installation and maintenance.

Q DANGER indicates an imminently hazardous situation which, if not avoided, will result in death or
serious injury.

WARNING indicates a potentially hazardous situation which, if not avoided, could result in death or
serious injury.

A CAUTION used with the safety alert symbol indicates a potentially hazardous situation which, if not avoided,
may result in minor or moderate injury.

CAUTION used without the safety alert symbol indicates a potentially hazardous situation which, if not avoided, may
result in property damage.

NOTICE used without the safety alert symbol indicates a potential situation which, if not avoided, may result in an
undesirable result or state.

Heavy Wear protection protection
object gloves must be must be
worn worn

CAUTION: appropriate personal protective equipment MUST be worn. Failure to lift the Metrosil varistor units in the
correct manner can result in bodily injury and/or property damage.

For the purpose of this manual and product labels, a “Qualified Person” is someone who is familiar with the installation,
construction and operation of the equipment and the hazards involved. They must have the following qualifications:

1. Trained and authorised to energise, de-energise, clear, ground and tag circuits and equipment in accordance with
established safety procedures.
2. Trained in the proper care and use of protective equipment in accordance with established safety procedures.



A
. . F—N
Metrosil 8000 Series 4
Installation & Maintenance Manual v

METROSIL

English Version 1.4 2026 PROTECTION BUILT-IN

2.0 Technical Data

2.1 Environment

Metrosil varistors must only be operated and stored within the following environments.

Operational Ambient Temperature: 0°C to 50°C

Degree of Protection: IPOO
Mechanical Impact: Direct striking impact onto the silicon carbide discs may cause damage.
Cooling: Metrosil varistors should be mounted in such a way that cooling by convection is

ensured unless forced air cooling is in use. Thus, they are normally mounted
horizontally. Adequate space must be left around each assembly to allow
airflow.

Isolation: Isolated Voltage up to 6,000 VAC.

If an assembly is not installed immediately, it must be stored in a dry environment in its original packaging.

3.0 Goods Inspection

Carefully observe the information on the packaging relating to transportation, storage and proper handling. Ensure
that the package is protected against severe jolts and shocks during transportation. The packaging materials consist
of cardboard and corrugated paper and should be disposed of according to regulations. Upon receipt of the goods, the
shipping label and delivery notes must be inspected to confirm that their description and the contents of the packaging
agree with the scope of the placed order.

& :
~ METROSIL
PROTECTION BUILT-IN
Set and unit Customer: Example Mad order number
information M&I Order No:  SME00085 Unit descripti
(not applicable for Type: 600A/US16/P l”' eslc.rlp !on
single units or single Spec No- 8000 Unit specification
discs) Set: 10f 4
Assembly: A of AtoD PARALLEL assemblies must

share SAME SET NUMBER

FRAGILE HANDLE WITH CARE ~ STORE IN A DRY PLACE

IMPORTANT: All products are delivered in protective packaging.
Once opened M&I Materials Ltd can take no responsibility for the damage of goods.

~ M&I MATERIALS . www.metrosil.com
Unit 2, Centenary Park Made in the UK t: +44 (0)161 864 5456
Coronet Way, Salford, M50 1RE, UK MELSBJO1 t: +44 (0)161 864 5444

I I M&I contact details

Figure 1: Example Shipping Label for a Matched Set Unit

If any delivery discrepancies are found, please contact M&l Materials Ltd or your local representative. If you discover
damage that has occurred during shipment, please inform your shipping agent immediately. Until any discrepancy is
resolved, further installation must not take place. The goods must be left in their original packaging and stored in a
dry, safe location.
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3.1 Metrosil Identification

It is highly recommended that the end-user checks the Metrosil varistor part code to ensure that it meets the required
specification. The following information explains how the part number code is derived.

Each Metrosil resistor type is identified by a series of letters and numbers, for example:

A BC
FME/8000/600A/US10/P/2PP/2SS

A is the number of discs in a single unit

B indicates the type of connection in the assembly S = discs in series pairs
P = number of parallel pathways

C indicates the arrangement of matched sets (if applicable) PP = in parallel
SS = in series

The example provided above describes four matched units, arranged as two units in parallel, in series with another two
units in parallel

3.2 Visual Inspection Prior to Installation
To ensure reliable performance, the following steps should be performed prior to installation:

e Store in dry conditions
¢ Handle units with care
¢ Inspect units for transit damage:

- Chips

- Cracked discs or discs that look to have suffered an impact
- Bent terminals or contact plates

- Bent busbars

CAUTION: Under no circumstances should the central stud fastenings be adjusted. This is pre-set at the factory to ensure
correct operation during the service life of the equipment. Any attempt to adjust the central stud fastenings will invalidate
the product warranty.

In the case of uncertainty as to whether a unit is fit for installation, or damage is found, then this should be reported to
M&I Materials Ltd and/or the local representative. Until any such discrepancy is resolved, further installation must not take
place. The goods must be left in their original packing and stored in a dry, safe location.
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3.3 Rating Plate

Each unit is supplied with a rating plate, this rating plate should be inspected to confirm that the specifications
listed correlate with those that were originally requested. If any technical discrepancies are found between the order
specification and the rating plate, please contact M&I Materials Ltd or your local representative.

IMPORTANT: Do not mix units between sets - please see section 4.3 for an explanation of this requirement. The mixing of
clearly identified ‘matched’ set units will invalidate the product warranty.

g — O
g < M&I MATERIALS MADE IN THE UK L

www.mimaterials.com

1 Set number
UNIT NUMBERl I
Parallel units must have the same set & order number
M&I order number
1 UNIT RATING
. P : M&I Order No. l Voltage V .
Unit specification | | 9 System rating parameters

Spec No. | | Current A
O Cust No. | | Energy kJ O

.

Customer
order number

Figure 2: Example Rating Plate

PLEASE NOTE: The set number is indicated on the rating plate of each assembly. All assemblies with the same set number
MUST be used together.

5 ) s- o
[ TITAT TSI

éMETROSIL SET 1A
8000 SE
pERAEANNENT INNRAN, 5
4 5-s—— °

Figure 3: Matched Set Example
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4.0 Product Description

A varistor describes a resistor that has non-linear voltage and current characteristics. In comparison to a standard linear
resistor, these characteristics allow the conductivity of the varistor to be low at low voltages and high at high voltages.
These characteristics are required for clamping high voltage transients in surge suppressor applications, thus preventing
damage to electrical components or insulation systems.

The following section describes how excitation systems are protected using Metrosil varistors.

Figure 4: Examples of the 8000 Series Units

4.1 Exciter Discharge

An excitation system within a synchronous generator controls the DC supply to the electromagnetic field winding, situated
on the rotor. If there is a need to shut down the generator, for maintenance purposes or due to a fault, suitable means to
discharge the current and energy stored in the excitation system must be made available.

As described in IEEE 421.6, the role of a silicon carbide varistor in an exciter discharge system is to:

¢ Clamp the magnitude of the back EMF created by the collapse of the current to the field winding

* Absorb the energy stored in the field winding

* Provide a rapid discharge time to limit the extent of any damage that may be caused to the generator or associated
plant if there is a fault

The non-linear V-I characteristics of Metrosil varistors provide a much faster discharge time in comparison to linear
resistors. Silicon carbide varistors are also able to reliably share currents and energies between varistor discs within a unit.

500

‘; ——Metrosil
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400
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Figure 5: Non-Linear Vs. Linear Electrical Characteristics
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4.2 Exciter Discharge Varistor Operating Principle

4.2.1 Switched-in Configuration

Field Breaker

Crowbar

Field
Winding

Metrosil

Rectifier &

Figure 6: Representative Arrangement of Switched-in Configuration

For large static exciter discharge applications, it is common to switch in the exciter discharge system at the same time as
switching out the supply voltage. This may be achieved via a thyristor crowbar control system or a field breaker. In these
applications, the Metrosil system is not connected across the electrical supply under normal operating conditions, and as
such, considerations towards continuous power dissipation in the discs is not necessary. Under discharge conditions, in
terms of the disc requirements of the units, considerations need to be made concerning the magnitude of the clamping
voltage at the discharge current and the temperature rise due to the discharge energy stored in the field winding.

4.2.2 Permanently Connected Configuration

Permanently connected configurations are common in small static excitation systems and rotor mounted brushless
excitation systems. During normal operational and field forcing conditions, the varistor shows a highly resistive behaviour,
however considerations for leakage current and continuous power dissipations must be made. During a discharge event,
the resistance of the varistor decreases, allowing the magnitude of the voltage to be clamped when subject to the
discharge current. The temperature rise of units must also be considered when subject to the discharge energy stored in
the field winding.

Field Breaker

+
. Field
Metrosil

Winding

Rectifier

Figure 7: Representative Arrangement of Permanently Connected Configuration
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4.3 Multiple Units in Matched Sets

If several units are to be used within a system it is critical that they are connected together as MATCHED SETS (see Figure
8). The set number and the unit letter are indicated on the units rating plate. All units with the same set number MUST be
used together. Do not mismatch units.

PLEASE NOTE: M&I Materials Ltd will not be held responsible for units that are not connected as matched sets.

1A \ 2A \
1B > 2B »
METROSIL METROSIL
R SET1 N SET 2
1C / 2C /
1D 2D

Figure 8: Example of Matched Sets

4.4 Frequency of Discharge Events

If a Metrosil unit is to be subjected to a number of discharge events in a short period of time, it is essential that the
residual temperature of the unit is taken into account when defining its energy rating.

M&I Materials Ltd. provides the Event Monitor option for users who wish to know their varistors condition after a discharge.
The Event Monitor provides full alarm monitoring so that users are informed in real-time that their varistor system may be
in danger of over-heating due to excessive or rapid discharges.

The customer must define this minimum period between discharges.
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Figure 9: Typical Disc Cooling Curve - Unspaced 8000 Series unit at 20°C ambient
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5.0 Site Installation Procedure

Before installation commences, the installer should refer to Section 1.0 of this manual to ensure that they are familiar with
the equipment and the local site’s health and safety policies and procedures.

5.1 Requirements for the Installation Site

The installation location must be in a safe, electrically isolated condition in accordance with site health and safety
requirements. Unrestricted access clear of all obstacles, slipping and tripping hazards must be provided to ensure the
safe, final positioning of a unit.

Operating facilities must be dry and dust-free. Air or forced-air cooling fed into the installation cabinets must be filtered
to ensure it does not contain any gases, potentially flammable vapours, dusts or oil mists that may become electrically
conductive, or detrimental to the functioning of the enclosed equipment.

5.2 Unit Installation

5.2.1 Mechanical Fixing

1. The varistor unit must be mounted on a stable supporting location within a dry environment of sufficient
strength that is capable of bearing the weight of the unit being installed

2. The end-user must ensure that there is sufficient clearance between installed units to ensure the free flow of
air for cooling purposes

3. The varistors are handled by the points indicated in Figure 10 — twisting of units should be avoided and
the units should be supported during installation until all the mounting bolts are secured in place

4, Varistor units are fitted with mounting brackets, with pre-drilled holes to enable them to be fixed securely to the
installation

5. Mounting hole locations can be found within Figure 11, minimum spacing requirements can be found within Figure
12

6. Whilst preparing the installation location, material swarf or cuttings must be removed to avoid contamination

7. Varistor units should be fixed in place using appropriately sized fasteners of sufficient material grade

Figure 10: Lifting Points

11
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5.2.2 Footprint Drawings and Minimum Spacings

The below table and footprint drawings represent discs that are 20mm thick.

No. of Discs Mounting Footprint No. of Discs Mounting Footprint
1-4 A 9-10 C
5-8 B 11-14 D
A B (o4 D
$152.40 ©152.40

o o
S S
8 8 g 3
o v
S 3 i3
o 0 N
g 5 8
¢}
N ]
@»
79.00
119.00 119.00 119.00

Figure 11: Mounting Footprints

Only 4 securing bolts are required. These drawings are for reference purposes only, for footprint and mounting dimensions
please refer to your customer order drawing.

26.00
70.00

45.00
/6.00

-
T METROSIL
BOOO 5F el 5

Figure 12: Minimum Suggested Spacing for Installation
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5.2.3 Electrical Connection Configurations

It is highly recommended that Metrosil units are mounted onto a mounting plate or cabinet prior to the attachment of
installation cables. The following electrical connection methods are recommended for correct performance.

In both instances, the figures below show the varistor units connected to bus-bars using appropriately sized flexible
cables. Figure 13 shows a single varistor unit connection arrangement, whereas Figure 14 illustrates a multi-unit
installation.

Installation bus-bars to
the exciter terminals

Installation bus-bars to
the exciter terminals

‘7

Figure 13: Single Varistor Unit Bus-Bar Connections

IMPORTANT % erosi.

8000 SERIES

It is the responsibility of the end-user to size and select
the correctly rated external bus-bars and flexible cables
for the required discharge conditions. This will ensure @
that each varistor unit will perform to its intended
specification and that the equipment will operate in a
safe manner.

)
I |
= METROSIL SET 1D
8000 SERIES
ol 1 AN [ T 1
o

. . To additional matched sets as necessary
Do not use bus-bars of units as interconnects between — to meet the design specification —

units. The bus bars are only rated for the current capacity
of a single unit.

Figure 14: Multiple Varistor Unit Bus-Bar Connection

5.2.4 Electrical Connection for Bolted Terminations

The bus-bars on the varistor units are terminated with M10 connecting holes as circled in Figure 15 below.

=~ METROSIL
8000 SERIES

Figure 15: Bolted Electrical Lug Mounts

” N
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5.2.5 Post Installation Inspection and Testing

Upon completion of the mechanical and electrical installation work, the following checks should be made:

e Conduct a final visual inspection to ensure all mechanical and electrical fastenings have been made and are secure
and sufficiently tight

* Check that there are no remaining installation materials (e.g. loose fasteners that could cause electrical shorts)

¢ Ensure that there is adequate clearance between the electrical terminals and the back plate

e Ensure that no other items of equipment or electrical cables already present at the installation location are in
contact with a unit

* Ensure that the anti-rotation spacer is fitted (see Figure 16)

* Ensure that the installation location is clean of any installation waste materials

Figure 16: Anti-Rotation Spacer

5.2.6 Factory Testing

Factory testing of the equipment is conducted at M&I Materials on our High Energy Test Laboratory (HETL). Providing
varistor units have been correctly stored and installed, they are ready to be put into service in-line with the end-users
operating procedures.

As Metrosil units are high current, high Voltage, high energy devices, the use of hand-held test meters will not give a
true indication of their condition or electrical characteristics. These test meters cannot be used as a valid method for
functional, routine maintenance or post-installation testing.

M&I Materials Ltd. provides the Event Monitor option for users who wish to know their varistors condition after a discharge.

The Event Monitor provides full alarm monitoring so that users are informed in real-time that their varistor system may be
in danger of over-heating due to excessive or rapid discharges.

14
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6.0 Routine Maintenance of Units

Once installed, Metrosil units do not require special maintenance - there are no user serviceable parts and the units should
not be dismantled. If routine inspection is required, the safety advice as outlined in Section 1 of this manual should be
followed.

Assuming a unit has not been subject to conditions outside of specified design limits, the following routine maintenance
checks are recommended:

Inspect units and discs for indications of observable heat damage

Inspect units for signs of paint flaking or blistering

Carefully check the discs for mechanical damage, such as chips or cracks

Inspect units for signs of electrical flash-over and for burn marks due to current puncture

Check that all mechanical and electrical connections are tight and that cables/bus-bars are not damaged
Clean any dust and dirt from disc edges and off the insulating bushes — use a dry cloth or brush only

If any damage is observed, please contact M&I Materials Ltd or your local distributor for further advice and do
not energise

No O FwbhR

NOTE: If the integrity of a unit within a matched set has been compromised, then all units should be replaced. Individual
discs or units cannot be replaced because of the matching requirements of discs in parallel.

7.0 Warranty

Please refer to M&| Materials Ltd’s terms and conditions of sale.

8.0 Applicable Standards

IEEE 421.6 Recommended Practice for the Specification and Design of Field Discharge Equipment for Synchronous
Machines.

Any recommendation or suggestion relating to the use, storage, handling or properties of the products supplied by M&I Materials Ltd, or any
member of its group, either in sales and technical literature or in response to a specific enquiry or otherwise, is given in good faith but it is for the
customer to satisfy itself of the suitability of the product for its own particular purposes and to ensure that the product is used correctly and safely
in accordance with the manufacturer’s written instructions. Data quoted within this manual represents typical values. The published values may be
altered without notice and do not constitute a specification. © M&I Materials Ltd 2026.
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