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Abstract—This paper illustrates how a simplified 
methodology has been derived from the analytic procedure in 
determining back-flashover rate (BFOR) and tower grounding 
resistance performances of high voltage (HV) overhead 
transmission lines (OHTLs) design. The proposed methodology 
is suitable for application at design stage whenever the analytic, 
full procedure envisaged in CIGRÉ Technical Brochure 63 
cannot be implemented due to unavailable data – pretty 
frequent at the design stage – or its inherent complexity. A 
simplified algorithm can be used for design purposes without 
detrimental impact on the level of confidence of the expected 
results. The proposed simplified procedure has been validated 
by comparing computed results with records of a real case of 
application, where operating data were available, here reported. 
The paper also presents the result of a case of application to 
recently designed OHTLs in Tanzania Mainland. 
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I. INTRODUCTION  

High voltage overhead lines (HV OHLs) engineering at 
any level, mostly in transmission system planning studies, 
requires methodologies and practical tools that allow 
comprehensive estimation of the expected performances in a 
balanced manner to avoid too complex analyses/modelling, 
without however a detrimental impact on the level of 
confidence in the results. This was the premise underlying the 
authors’ intention of tuning the reference CIGRÉ analytical 
procedures to the design of OHLs, where simplified models 
and rule-of-thumb approaches are lawful. 

Among the major causes of backflashover (BFO) of line 
insulation, steep-fronted current surges produced by lightning 
strokes on HV OHLs tower chimneys or shield wires are the 
most probable and severe. 

The backflashover rate (BFOR) is the number of lightning 
strikes that terminate on the tower or in the shield wires 
resulting in insulation flashover. To avert back-flashes, 
grounding arrangements making use of counterpoises are 
commonly applied to OHL towers built on medium-to-high 
resistivity soils. 

The study of BFO in HV OHLs includes many aspects, 
among which lightning current waveform, tower geometry, 

grounding system, line insulation as BFO occurrence is 
mostly driven by the struck tower grounding transient 
response, soil non-linear ionization phenomena and even the 
corona effect. This is the reason why time-domain simulation 
of direct lightning strokes to OHLs by means of circuit-
oriented programs, supported by statistical algorithms (e.g. 
Monte Carlo analysis) are utilised nowadays. 

The proposed simplified approach, object of the present 
study, allows tower grounding resistance estimation in the 
practical range of interest based on the BFOR calculation. 

It is worthwhile recalling that no universal agreement 
exists as to recommended design value of the BFOR since this 
is a function of the utility design and not only of economics. 
As far as reliability is concerned, the BFOR target has to 
account for the behaviour of the project, that is, the specific 
case of application of transmission and sub-transmission 
systems planning and expansion aimed at feeding rural 
localities in Sub-Saharan Africa. 

II. OBJECTIVE 

Historically, shielding design has been achieved by 
implementing electrogeometric models as suggested by IEEE 
Standard 1243 [1, 2]. Alternatively, a statistical approach has 
been recently introduced and largely reported [3, 4] by 
implementing a lightning attachment model derived from 
scale model experiments. In practice, an effective shielding of 
the line against direct lightning strikes to phase conductors is 
assessed based on acceptable shielding failure flashover rate 
(SFFOR). 

The line outage rate due to lightning depends both on 
backflashovers and shielding penetration flashover.  

The procedure adopted by CIGRÉ [5] for the calculation 
of the line BFOR is specifically aimed at calculating the 
critical current and the resultant BFOR value, making 
reference to the representation of the travelling wave 
phenomena that take place for both cases of a lightning stroke 
to a tower or to an overhead ground wire. The procedure 
makes use of the local ground flash density Ng peculiar to the 
region where the OHLs design is destined, which is by far the 
most relevant factor in lightning protection of ground-based 
installations. 
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