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Suspension Insulator Selection Guide: Disc Count,
SML, and Creepage Distance

A systematic methodology for selecting cap-and-pin suspension insulators —

voltage class disc count, IEC 60815 pollution severity, SML mechanical load,
and ball-socket hardware compatibility per IEC 60305 and ANSI C29.2.

<, DOWNLOAD PDF DATASHEET

A suspension insulator is a cap-and-pin or long-rod insulating assembly that hangs vertically in
conductors at transmission and distribution towers. Unlike line post or station post insulators, w
suspension insulators carry conductor weight and tension in pure tensile mode — a mechanica

scales from 11 kV distribution to 800 kV ultra-high-voltage transmission by adding discs to the :

Cap-and-pin disc insulators per IEC 60305 and ANSI C29.2 are the dominant suspension insule
consists of a porcelain or glass shell bonded to a cast-iron cap and a forged-steel pin; discs are
couplings into a string of specified length. Correct selection requires systematic evaluation of fi
(disc count), pollution environment (creepage distance), conductor load (Specified Mechanical

compatibility (coupling size and socket type).
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Determine Voltage Class and Baseline Disc Count
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Disc count is a function of the system's highest voltage (Um) and the minimum dry flashove

requirements per IEC 60305 or ANSI C29.2. The baseline disc count assumes a lightly pollut

correction is applied in Step 2.

SYSTEM VOLTAGE (UM)

NOMINAL VOLTAGE

BASELINE DISC COUNT (SPS-A)

STRING LENGTH (A

12 kV

24 kv

52 kV

72.5kV

145 kV

245 kV

420 kV

550 kV

800 kV

1 kV

22 kV

45 kV

66 kV

132 kV

220 kV

400 kV

500 kV

765 kV

2 discs

3-4 discs

4-5 discs

5-6 discs

8 discs

13-14 discs

22-24 discs

28-32 discs

40-45 discs

~330 mm

~480-620 mm

~620-770 mm

~770-920 mm

~1,200 mm

~1,950-2,100 mm

~3,300-3,600 mm

~4,200-4,800 mm

~6,000-6,750 mm

Note: Disc spacing varies by disc type (standard 146 mm vs. aerodynamic 170 mm profile). String len:

actual disc spacing from the IEC 60305 type-test report, not a generic 146 mm assumption.

Apply IEC 60815 Pollution Correction
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IEC 60815:2008 (Parts 1-3) defines four Site Pollution Severity (SPS) levels — a, b, ¢, and d -
Specific Creepage Distances (USCD) of 16, 20, 25, and 31 mm/kV respectively, referenced t
Um. When the calculated minimum creepage distance at baseline disc count is insufficient f

discs must be added.

SPS LEVEL POLLUTION SEVERITY MIN. SPECIFIC CREEPAGE (MM/KV) TYPICAL ENVIRONME

SPS-a Very Light 16 mm/kV Inland, low industrial ¢
SPS-b Light 20 mm/kV Agricultural areas, mc
SPS-c Medium 25 mm/kV Industrial zones, area:
SPS-d Heavy 31 mm/kV Coastal (within 3-10 k
SPS-e Very Heavy >31 mm/kV + profile selection Direct coastal (within

Calculating Required Disc Count for Creepage

The required creepage distance (mm) = USCD (mm/kV) x Um (kV). Divide by the creepage
60305 type-test report — typically 295-320 mm for standard 146 mm profile discs). Round

Example — 132 kV line in an SPS-c zone: Um = 145 kV. Required creepage = 25 mm/kV x 145 kV = 3,
= 320 mm. Required discs = [3,625 + 320] = 12 discs — versus 8 discs at SPS-a. For SPS-d: 31 x 14!
15 discs. The pollution environment drives a 50-90% increase in string length at higher severity levels

Profile Selection for High-Pollution Sites

Where disc count alone cannot achieve the required creepage without impractical string len
disc profiles provide higher creepage per disc (360-420 mm vs. 295-320 mm for standard |
disc diameter. Anti-fog discs are the standard specification in SPS-d and SPS-e environmen

geometry resists pollution deposit accumulation in humid conditions.
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Specify Mechanical Load Class (SMIL)
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The Specified Mechanical Load (SML) is the maximum sustained tensile load the insulator st

mechanical failure under service conditions. It is the contractual design parameter — not Mi

which is a destructive test figure used to verify manufacturing quality.

SML CLASS (IEC 60305)

Class 40

Class 70

Class 100

Class 120

Class 160

Class 210

Class 300

NOMINAL SML (KN)

40 kN

70 kN

100 kN

120 kN

160 kN

210 kN

300 kN

How to Calculate Required SML

TYPICAL APPLICATION

Distribution 11-33 kV, short spans

Distribution and sub-transmission up to 132 kV

Transmission 132-220 kV, standard spans

Transmission 220-400 kV, standard spans

Heavy transmission, double circuits, long spans

River crossings, mountainous terrain, EHV

UHVAC/DC, long spans, bundled conductors >4 su

The design SML must exceed the maximum conductor everyday tension (EDT) plus dynamic

conductor stringing. Apply a safety factor per the relevant national grid code — typically 2.C

strings on standard spans. For dead-end (tension) strings the SML requirement is substantiz

calculated per the line's maximum conductor tension under broken-wire conditions.

Identify the maximum conductor tension (kN) under the governing load case (maximum wind +

Apply safety factor per grid code (typically 2.0-2.5x for suspension, 3.0x for tension)

Select the next standard SML class above the calculated value

Verify that the selected class is compatible with the hardware coupling size (Step 4)

SML vs. MFL clarification: IEC 60305 requires that the test MFL = 1.5x SML for Class 70-120, and = 1
manufacturer quotes "MFL 105 kN", the implied SML is 70 kN — not 105 kN. Always verify and specify
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Verify Ball-Socket Hardware Compatibility

Suspension insulator strings are assembled with hardware fittings (ball clevis, socket clevis,

horns) that must match the disc coupling size. IEC 60372 defines three ball-and-socket cou

IEC 60372 SERIES BALL DIAMETER NOMINAL SML RANGE COMPATIBLE

Series 11 1T mm Up to 40 kN IEC 60372 111
Series 16 16 mm 70-120 kN IEC 60372 16
Series 20 20 mm 120-300 kN IEC 60372 20

Critical checks before finalising a bill of materials:

Ball diameter tolerance: IEC 60372 Series 16 ball is 15.9-16.1 mm. Mixing insulators from differer
string is allowed only if both carry IEC 60372 compliance marks — ball tolerance stacking can ¢
cannot rotate freely) under load

W-type vs. Z-type socket geometry: W-type (widely used in Europe and Asia) and Z-type (Nort
not interchangeable. ANSI C29.2 strings use W-type geometry, but verify with the hardware su

Corona ring integration: At 220 kV and above, arcing rings or corona rings are required at the ¢
Specify the ring attachment type (side-mounted vs. bolt-on) and its compatibility with the top-c¢

Choose Disc Material: Porcelain vs. Toughened Glass

PARAMETER PORCELAIN (IEC 60672 GRADE C-120) TOUGHENED GLAS
Failure mode Gradual — cracks propagate slowly; failed disc Spontaneous frag
retains partial mechanical integrity metal cap and pin
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PARAMETER PORCELAIN (IEC 60672 GRADE C-120) TOUGHENED GLAS
Live-line inspection Requires electrical testing (zero-value detection) — Visual inspection-

no visible failure indication shell is immediate
Pollution performance Slightly higher surface roughness accelerates Smooth glass suri

pollution deposit; wash interval shorter

Vandalism resistance Moderate — projectile impact causes radial cracking Low — single imp

fragmentation

Typical unit weight 3.8-6.2 kg per disc (70-160 kN class) 3.2-5.5 kg per dis
Long-term UV stability Excellent — no UV degradation Excellent — no U\
Common preference Africa, South Asia, Latin America Europe, East Asia,

Glass disc spontaneous breakage rate: High-quality toughened glass discs have a spontaneous bre:
disc-year in service. A string of 20 discs at this rate has a <0.2% annual probability of experiencing o

manageable when visual inspection protocols are in place.

Six Common Suspension Insulator Specification Errors

Specifying ANSI C29.2 disc count on an IEC 60305 line: ANSI and IEC disc creepage values diff
approximately 280 mm creepage vs. 320 mm for the IEC equivalent. Substituting ANSI discs withol
deliver creepage in SPS-c/d zones.

Ignoring coupling size when mixing SML classes: Upgrading mid-string from Class 70 to Class
hardware will introduce a 16 mm ball into a 20 mm socket — catastrophic strand-lock under dynamr

Quoting MFL as the design load: Structural calculations submitted with MFL figures overstate th
and EPC contractors expect SML. Convert MFL + 1.5 to obtain the implied SML before using manuf

Using standard profile discs in SPS-d environments without counting total creepage: A string
mm = 2,560 mm) at 132 kV SPS-d requires 31 x 145 = 4,495 mm — a deficit of 1,935 mm. Switchins
SPS-d requires 11 discs (11 x 420 = 4,620 mm). Specifying standard profile discs in this caseis a 3

Omitting corona ring specification at 220 kV and above: Without properly rated corona rings, el
conductor end fitting exceeds the threshold for corona discharge and accelerates insulator degrad
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ring — it must be specified separately per IEC 61284.

Purchasing discs and hardware from different manufacturers without verifying IEC 60372 con
stack between non-conforming suppliers is the leading cause of unexpected string lockup during ¢
IEC 60372 type test certificates for both insulator and hardware.

Need a disc-count and SML calculation for your transmission project? Submit your voltage class, span dz

technical review.

REQUEST TECHNICAL REVIEW =

Related Technical Topics

Suspension insulator selection interfaces directly with several adjacent engineering decisions. |

creepage distance calculation methodology, see the

comparison between pin-type and post-type insulators used in distribution line applications, se
. For a full overview of insulator types across transmissior

see

Frequently Asked Questions

How many suspension insulator discs are needed for a 132 kV line?

For a 132 kV system in a lightly polluted environment (SPS-a/b), a standard string of 8 discs (IEC 60305 70 kl
specified. In medium or heavy pollution zones the disc count increases to 9-12 to meet the IEC 60815 minimt
mm/kV.

What is the difference between SML and MFL in suspension insulators?
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SML (Specified Mechanical Load) is the guaranteed load the insulator must withstand without any mechanic:
design reference figure. MFL (Maximum Failing Load) is the load at which the insulator fractures in a destruc
Always specify and verify by SML, not MFL.

When should | choose a long-rod instead of a cap-and-pin string?

Long-rod insulators (IEC 62155) are preferred in high-vandalism corridors because they have no metal parts
cascade flashover of a whole string would be catastrophic. Cap-and-pin strings offer easier disc replacemer
for most transmission lines. In heavily polluted coastal or industrial zones, aerodynamic profile discs in a cap

effective than long-rods.

What hardware socket size should | specify with IEC 60305 suspension discs?

IEC 60372 defines ball-and-socket couplings in 11 mm, 16 mm, and 20 mm nominal sizes. The 70 kN and 100
and above typically use 20 mm coupling. Always specify the coupling size explicitly on the purchase order —

manufacturers can cause strand-lock issues if mixed.

Can porcelain and toughened glass suspension discs be used in the same string?

They can be coupled mechanically if both comply with IEC 60372 coupling geometry and the same SML clas
discouraged. Different thermal expansion coefficients and failure modes create unpredictable mechanical be
single material throughout each string.

Suspension Insulator Supply

IEC 60305 disc strings, 40-300 kN SML, standard and anti-fog profiles, with full type-test documentation.

REQUEST TECHNICAL PROPOSAL
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IEC 60815 Pollution Severity and Creepage Distance Guide
Different Types of Transmission Line Insulators
Pin Insulator vs Post Insulator: Key Differences

Ceramic Insulator Datasheet & Specifications

Ready to Specify Your Suspension Insulator String?

Submit your voltage class, pollution zone, and conductor tension data. Our technical team will

provide a disc count, SML, and hardware compatibility review with full IEC 60305 documentation.

REQUEST TECHNICAL PROPOSAL =~

BACK TO TECHNICAL CENTER

VUULCAN.

PRODUCTS
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