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Abstract—Lightning poses a well-documented yet preventable
hazard to spaceflight operations. Decades of research and em-
pirical testing have enabled the development of highly effective
lightning protection systems (LPS) that safeguard launch vehi-
cles, payloads, and personnel. However, the absence of unified,
enforceable standards across commercial spaceports has resulted
in inconsistent safety practices and elevated mission risk.

This first part of a three-part series focuses on the historical
evolution of lightning protection strategies, the identification
of triggered lightning as a unique hazard to launch vehicles,
and lessons learned from catastrophic incidents such as SA-204,
Apollo 12, and Atlas-Centaur AC-67. It also addresses early mis-
conceptions in lightning mitigation and debunks pseudoscientific
alternatives that persist in the commercial sector.

By establishing the foundational history and physical mecha-
nisms of lightning-related launch failures, this paper frames the
technical and operational need for validated lightning protection
systems. The next papers in this series will address standards,
regulatory gaps, engineering architectures, and infrastructure
resilience across U.S. and allied spaceports.

Index Terms—Lightning Protection Systems, Spaceport,
Launch Complex, Lightning-Induced Failures, Launch Safety,
Spaceflight.

I. INTRODUCTION

The Kennedy Space Center (KSC) and Cape Canaveral

Space Force Station (CCSFS) are located in one of the most

lightning-prone regions in the United States, with a ground

flash density exceeding 10 flashes/km²/year [1]. This necessi-

tates robust lightning protection systems (LPS) to safeguard

launch vehicles, ground support equipment (GSE), and per-

sonnel. For over two decades, NASA and its research partners

have conducted extensive studies on thunderstorm behavior,

lightning formation, and atmospheric electricity, making KSC

a global center for lightning research and mitigation strategies

[2].

Early space programs quickly recognized lightning as a

significant threat to launch operations. Before the implemen-

tation of modern LPS, launch vehicles and associated GSE

were highly vulnerable to direct lightning strikes at the pad,

resulting in avionics failures, power disruptions, and structural

damage. A notable example occurred on July 27, 1967, when

the SA-204 launch vehicle, undergoing system testing at

Launch Complex 37, was struck by lightning. The resulting

currents damaged the acceptance checkout equipment (ACE),

rendering multiple circuit boards inoperative and exposing the

limitations of grounding and shielding practices [3].

Apollo-era facilities primarily relied on launcher umbilical

towers (LUTs) for structural and electrical interfaces with

the vehicle. However, these towers also acted as paths for

lightning currents, allowing damaging surges to propagate into

spacecraft avionics and ground support equipment. The Apollo

15 lightning strikes demonstrated that cable shielding and

grounding practices were insufficient, reinforcing the need for

overhead protection [5].

Lightning-induced failures are not limited to pre-launch

exposure. On November 14, 1969, Apollo 12 triggered two

lightning discharges during ascent, causing temporary teleme-

try and guidance loss; the crew recovered functionality [6].

On March 26, 1987, Atlas-Centaur AC-67 triggered lightning

shortly after launch, causing loss of control and destruction

by the Range Safety Officer [7]. These events led to the

development of stringent Lightning Launch Commit Criteria

(LLCC) to avoid ascent through electrified atmospheres. Trig-

gered lightning arises when structures like rockets or towers

enhance electric fields and initiate discharges that would not

occur naturally.

To mitigate lightning threats, NASA transitioned to insu-

lated masts and catenary wire systems, which significantly

improved vehicle protection. NASA implemented its first

catenary wire system with insulated masts at Launch Complex

39B for the Apollo-Soyuz Test Project (ASTP) in 1975.

The system was tested by multiple high-energy lightning

discharges, successfully shielding the vehicle from damage [8].

This marked a pivotal transition in launch pad lightning pro-

tection, demonstrating the effectiveness of diverting lightning

currents away from critical infrastructure. Over time, NASA

and the U.S. Air Force refined these systems, culminating in

the state-of-the-art LPS deployed at modern launch complexes,

such as LC-39B, which utilizes 594-ft steel towers, with fiber

reinforced plastic (FRP) insulating masts, supporting catenary
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wires to divert strikes safely away from launch vehicles and

pad structures [9].

Despite decades of LPS advancements, the commercial

space sector has not universally adopted NASA’s validated

protection strategies. NASA’s catenary wire system with in-

sulating masts, extensively tested at Launch Complex 39B

[8], has demonstrated its ability to withstand multiple direct

lightning strikes exceeding 100 kA1. However, commercial

spaceports operate without a uniform regulatory mandate,

leading to significant variability in LPS implementation.

While some launch providers, including those operating at

CCSFS, have implemented NASA- and Air Force-derived LPS

configurations, others rely on lower-cost solutions or even

unproven technologies [10]. The absence of a standardized

compliance framework allows for the continued deployment of

pseudoscientific technologies, which have been scientifically

debunked [20], [21].

This lack of regulatory enforcement poses risks not only

to individual launch providers but also to shared spaceports,

where lightning-induced failures at one pad can disrupt opera-

tions for multiple stakeholders. A notable example is Kennedy

Space Center’s multi-user model, where launch delays caused

by lightning-related incidents can propagate across multiple

commercial tenants.

Without a clear regulatory mandate, the industry remains

vulnerable to avoidable mission failures, infrastructure dam-

age, and launch delays caused by inconsistent or inadequate

LPS design. The following sections examine existing LPS

regulations, identifying critical gaps that must be addressed

to ensure uniform protection across all spaceports.

This paper traces the evolution of lightning protection

systems at launch facilities, from early umbilical tower-based

designs to modern catenary wire configurations with insulating

masts. It examines historical case studies, including SA-204,

Apollo-era lightning incidents, and the Atlas-Centaur AC-

67 failure, highlighting the critical lessons that have shaped

contemporary LPS. Additionally, it critiques the current frag-

mented regulatory landscape, where some spaceports adhere

to scientifically validated LPS methodologies while others opt

for cost-cutting or unverified protection strategies. By pre-

senting engineering analyses, regulatory gaps, and historical

failures, this paper advocates for a standardized, physics-based

regulatory framework that ensures all spaceports implement

rigorously tested, mission-proven LPS designs.

Shared spaceports amplify risks, as a lightning failure at one

pad can disrupt multiple operators, increasing mission delays

and costs. Unlike dedicated launch facilities, where delays

only affect a single provider, commercial spaceports servicing

multiple clients face complex scheduling conflicts when one

tenant experiences a lightning-induced failure. The inability

to ensure robust lightning protection at every pad could

result in cascading delays, impacting operational efficiency

and increasing costs for all involved parties.

1This information has been obtained from the KSC WX Subsystem, who
operates the LC-39B lightning instrumentation.

The historical record is unambiguous: lightning-induced

mission failures will persist unless decisive regulatory action

is taken, and launch complex lightning protection evolves

alongside infrastructure changes. The commercial space indus-

try must prioritize scientifically validated lightning protection,

integrating risk assessments, transient modeling, and real-time

monitoring into launch operations. Furthermore, regulatory

enforcement must be strengthened through specialized training

programs for reviewers and compliance teams. Only through

continuous LPS adaptation, expert oversight, and rigorous

enforcement can the industry mitigate the risks posed by one

of nature’s most destructive and predictable forces—lightning.

Understanding the evolution of lightning protection requires

examining past incidents where lightning impacted launch

operations. These historical cases reveal vulnerabilities that

shaped modern protection strategies.

II. HISTORY OF LIGHTNING AND ROCKETS

Lightning has posed a persistent challenge to spaceflight

operations, with historical incidents exposing vulnerabilities in

early launch pad designs. Before modern lightning protection

systems (LPS), launch vehicles and ground infrastructure

were highly susceptible to both direct lightning attachment

and induced transients. The shift from inadequate protection

methods—such as launcher umbilical towers (LUTs) serving

as inadvertent downconductors—to catenary wire systems with

insulating masts was driven by repeated mission problems

linked to lightning events.

The first documented case of lightning interfering with

spaceflight operations occurred on July 27, 1967, when the

SA-204 launch vehicle was struck while undergoing system

testing at Launch Complex 37. A 50,000-ampere discharge

damaged the Acceptance Checkout Equipment (ACE), ren-

dering multiple circuit boards inoperative [2]. This incident

underscored the need for more robust grounding, shielding,

and surge protection.

Other significant lightning incidents provided further evi-

dence of the need for enhanced LPS. Between June and July

1971, Apollo 15 experienced six lightning strikes while sta-

tioned at Launch Complex 39A. The most powerful strike, at

98,000 amperes, vaporized the LUT lightning rod and caused

ground equipment failures due to improperly grounded cable

shields [3]. Skylab 3, positioned at LC-39B, was struck by sev-

eral high-energy lightning discharges exceeding 100,000 am-

peres, resulting in damage to signal conditioning systems [3].

Similarly, the Viking I launch campaign was affected when a

lightning-induced power surge triggered an unintended switch

closure, requiring a hardware replacement before launch [3].

Figure 1 illustrates how lightning current could divide through

the airframe, LUT structure, and umbilicals, highlighting the

importance of strategic grounding and shielding in future

launch pad designs.

During the Apollo-Soyuz Test Project (ASTP) in 1975,

NASA implemented an insulated lightning mast and catenary

wire system at Launch Complex 39B for the first time.

The system was struck multiple times during the campaign,



Fig. 1. Lightning current pathways through the Apollo vehicle at the launch
pad following a direct strike to the Launcher Umbilical Tower (LUT). The cur-
rent divides through multiple conductive paths, including the vehicle airframe,
umbilical connections, and LUT grounding system. These divisions were
studied using small-scale geometric models and electrical circuit analyses.
The resulting transient overvoltages contributed to avionics malfunctions,
emphasizing the necessity of improved shielding and isolation techniques in
modern LPS designs (adopted from [5]).

with recorded peak currents exceeding 100,000 amperes [3].

Despite these extreme conditions, the system successfully

shielded the vehicle, validating the effectiveness of catenary

wire LPS.

Early lightning current measurements, particularly those

from the 1960s and 1970s, relied on low-resolution sensors

with indirect estimation methods. These limitations meant

that peak currents exceeding 100,000 amperes—such as those

recorded during Apollo 15—should be interpreted with cau-

tion. Unlike these early approximations, modern high-speed

lightning instrumentation, first deployed at LC-39B in 2010,

provides precise, real-time peak current and charge transfer

data with validated calibration [4].

For example, one of the most powerful lightning strikes ever

recorded at Kennedy Space Center (KSC) occurred on April

2, 2022, when a 140,000-ampere positive flash terminated on

the LC-39B catenary system. This strike was accurately mea-

sured using high-fidelity sensors with validated calibration,

demonstrating the effectiveness of NASA’s modern LPS in

safely redirecting lightning energy away from both the vehicle

and ground support equipment [4]. This event serves as a

benchmark for evaluating the shielding capabilities of modern

LPS designs.

A key evolution in launch pad lightning protection has been

Fig. 2. Frame of a high-speed video captured by a Jupiter OLS system
installed on level E of LC-39B lightning protection tower 2, showing the
termination point of the ≈140 kA positive flash to the LC-39B catenary wire
system, near tower 1.

driven by the increasing vulnerability of modern spacecraft

avionics to electromagnetic interference (EMI). While Apollo-

era hardware featured low-frequency, high-voltage analog sys-

tems, contemporary spaceflight electronics are high-density

digital architectures, operating at low voltage thresholds,

making them significantly more susceptible to transient EMI

events.

This shift in vehicle design has direct consequences for

LPS requirements. Not only must modern systems shield

against direct lightning attachment, but they must also actively

manage the lightning electromagnetic environment (LEME),

minimizing transient surges that could disrupt vehicle guid-

ance, telemetry, or payload functionality.

The introduction of insulated masts and catenary wire

systems marked a major step forward in launch pad light-

ning protection. However, the evolution of spaceflight hard-

ware—from robust, low-frequency Apollo-era electronics to

highly miniaturized, EMI-sensitive digital avionics—demands

even greater emphasis on electromagnetic shielding and tran-

sient mitigation. Despite these advancements, the commercial

space sector has yet to standardize and enforce scientifically

validated LPS methodologies. The next section will explore

how NASA and CCSFS refined LPS over time, where gaps

still exist in commercial launch facilities, and the risks posed

by unproven technologies.

III. ROCKETS TRIGGERING LIGHTNING

On November 14, 1969, Apollo 12 triggered two lightning

discharges within 36 seconds of flight, causing telemetry and

guidance failures. Fortunately, quick-thinking flight controllers

instructed astronaut Alan Bean to switch to the auxiliary

guidance system, restoring telemetry and allowing the mis-

sion to continue successfully [6]. This near-catastrophic event

underscored the need for stringent weather-related launch con-

straints, leading to the development of the Lightning Launch



Commit Criteria (LLCC) to mitigate the risk of triggered

lightning [11].

Triggered lightning occurs when a launch vehicle passes

through an electrified atmosphere with high ambient electric

fields, creating a conductive plasma trail that can initiate a

lightning discharge. This phenomenon differs from natural

lightning, which forms due to charge separation within clouds.

A launch vehicle’s exhaust plume enhances the electrical

conductivity of the air, significantly increasing the probability

of triggering a strike even when natural lightning is not

imminent [7].

To mitigate this risk, NASA introduced the LLCC, which

established flight constraints based on electric field measure-

ments, cloud characteristics, and the presence of pre-existing

lightning activity. The LLCC has since evolved into a critical

component of launch operations, ensuring that vehicles do

not fly through electrified clouds capable of inducing light-

ning strikes. This policy has been instrumental in preventing

lightning-triggered incidents during the Space Shuttle and

commercial launch eras [9], [10].

A similarly severe case occurred on March 26, 1987, when

an Atlas-Centaur ELV (AC-67) was destroyed after triggering

lightning shortly after liftoff from Cape Canaveral Air Force

Station (CCAFS). The strike resulted in immediate loss of

control, leading the Range Safety Officer to issue a destruct

command. This incident remains one of the few documented

cases where lightning directly caused the loss of a launch

vehicle [9].

More recently, on November 27, 2019, a Russian Soyuz-

2.1b rocket launched from Plesetsk Cosmodrome and trig-

gered a lightning strike within seconds of liftoff. Unlike

the Apollo 12 and AC-67 events, the Soyuz mission was

not compromised, and its payload—a GLONASS navigation

satellite—was successfully delivered to orbit [12]. This case

highlights that modern vehicle designs may offer some re-

silience to lightning exposure. However, it does not eliminate

the broader risk posed by triggered lightning, as onboard

avionics, payload components, and flight termination systems

(FTS) may still suffer from transient voltage surges caused by

a direct strike.

With the growing number of launches occurring worldwide,

including in countries that may not openly disclose details

about lightning-related anomalies, it is very likely that other

rockets have also triggered lightning during their ascent.

However, due to lack of formal documentation or restricted

data access, these events are not included in this paper. Some

nations may not publicly report lightning-triggered anomalies,

making the true frequency of such occurrences difficult to

determine.

A. Why Can’t Rockets Be Designed to Withstand Lightning?

A valid question is: why not design rockets to withstand

lightning, eliminating the need for launch pad LPS and LLCC?

The primary challenge is that launch vehicles are not de-

signed with the same lightning protection principles as aircraft.

While commercial and military aircraft routinely experience

lightning strikes with minimal consequences, they benefit

from stringent certification processes that include high-voltage

testing, electromagnetic shielding, and redundancy in avionics

systems. Aircraft fuselages, made of conductive materials such

as aluminum, function as Faraday cages, allowing current to

flow around sensitive electronics without causing failure.

Rockets, by contrast, are designed primarily for weight re-

duction, performance, and cost efficiency, with some vehicles

incorporating elements of reusability. However, even reusable

rockets are not designed for the same high-frequency operation

as commercial aircraft, which are built to withstand thousands

of flight cycles over their lifespan. Rockets often incorporate

lightweight composite structures, thin-walled fuel tanks, and

avionics systems designed for space environments rather than

prolonged atmospheric lightning exposure. Unlike aircraft,

which have redundant control systems specifically hardened

against direct lightning currents, rockets rely on redundant

avionics and an FTS, which should be engineered to function

reliably even if the vehicle is struck by lightning.

Additionally, payloads housed within rockets are even more

vulnerable. Satellites, scientific instruments, and crewed mod-

ules are engineered for the vacuum of space, not for the

high-energy electromagnetic environment of a thunderstorm.

A direct strike could induce severe transient voltages in their

power and data circuits, potentially leading to mission failure

before reaching orbit.

Another critical factor is that rockets are far more prone to

triggering lightning than aircraft. While commercial aircraft

have a low probability of initiating a strike, rockets ascending

rapidly through charged regions of the atmosphere, combined

with their ionized exhaust plumes, create a highly conductive

path that significantly increases the likelihood of a lightning

discharge. This was the key factor in both the Apollo 12 and

AC-67 incidents [7].

B. Can Ground-Based Testing Simulate Rocket Lightning

Strikes?

While ground-based high-voltage testing is possible, it can-

not fully replicate real launch conditions. Laboratory lightning

simulations are useful for validating shielding techniques and

transient suppression strategies, but they do not capture the

complex electromagnetic interactions of a rocket in flight.

To comprehensively assess rocket and payload resilience,

controlled, instrumented test flights in high-electric-field con-

ditions would be required. These tests must be conducted in a

way that minimizes risk to the public and infrastructure. Until

validated in flight, LLCC remains the most effective strategy

to prevent lightning-triggered failures.

However, the LLCC does not address the growing dis-

parity in ground-based lightning instrumentation at emerging

commercial spaceports. While NASA and CCSFS adhere

rigorously to the LLCC, which relies on multiple monitoring

technologies, most spaceports must find ways to improvise

their lightning instrumentation to meet the intent of the LLCC.

This poses an increasing risk to both launch vehicle safety and

broader spaceport operations.



While this paper focuses on the regulatory shortcomings of

LPS enforcement, the LLCC and its evolution will be explored

in depth in a separate publication.

IV. HOW ABOUT ELIMINATING LIGHTNING?

Throughout history, various attempts have been made to

develop technologies capable of preventing or eliminating

lightning entirely. During the 1970s, NASA explored the fea-

sibility of lightning elimination systems, including dissipation

array systems (DAS), to prevent lightning strikes at launch fa-

cilities. However, extensive testing revealed that these systems

were ineffective at eliminating lightning and functioned no

differently than conventional “Franklin rods.” This reinforced

the engineering consensus that intercepting structures, robust

grounding, shielding, and atmospheric monitoring remain the

only reliable defense against lightning hazards [14].

Since the Apollo era, the number of commercial vendors

promoting so-called ”lightning elimination devices” (LEDs)

has increased significantly. These companies claim that their

products can neutralize atmospheric charge buildup, collapse

the electric field, or otherwise prevent lightning formation.

Some assert that technological breakthroughs developed in

Asia, South America, and Europe (among other regions)

have outpaced U.S. lightning protection technology, implying

that conventional methods are outdated. However, scientific

evaluations have categorically disproven these claims.

Similar to the failed lightning elimination devices tested

during the Apollo program, modern vendors provide anecdotal

testimonials of their products’ success but do not disclose

instances where their systems failed to prevent lightning, a

phenomenon that inevitably occurs over time. Their claims

of ”ionizing,” ”discharging,” ”suppressing,” ”preventing,” ”re-

pelling,” or ”attracting” lightning are not supported by any

independent, peer-reviewed studies. Some manufacturers even

contradict themselves, suggesting that their devices can ”repel”

and ”attract” lightning simultaneously—an assertion that lacks

any scientific or theoretical foundation.

What these devices have in common is a complete lack

of verifiable scientific evidence supporting their protection

claims. Nevertheless, through aggressive marketing and mis-

leading technical jargon, several for-profit standards enforce-

ment entities and a handful of national standards organiza-

tions have incorporated provisions for these devices into their

regulations, despite overwhelming scientific evidence against

their efficacy. In contrast, some lightning-prone nations, such

as India and Malaysia, have explicitly banned these devices

from their national standards.

In the United States, these fraudulent lightning protection

technologies have been banned from military and aerospace

standards, including NFPA 780, UFC 3-575-01, and AFMAN

32-1065. Several manufacturers of these devices—including

early streamer emission (ESE) systems—have also been the

subject of federal litigation for false advertising claims. As a

result, certain manufacturers have been permanently enjoined

from making claims about their products’ supposed expanded

protection areas [15].

A. Scientific Disproof of Lightning Elimination Claims

Proponents of lightning elimination devices occasionally

reference high-voltage laboratory tests to suggest their technol-

ogy works. However, these tests lack real-world validity due

to fundamental scaling limitations, improper methodologies,

and misinterpretations of the physics of lightning formation.

A basic electrical analysis of the thundercloud-ground elec-

tric circuit provides an indisputable demonstration of why no

ground-based technology can eliminate lightning. Figure 3

presents a simplified electric circuit model of a negatively

charged thunderstorm cloud base, a so-called ”lightning elim-

ination device,” and the ground.

A

d

Structure

Lightning Elimination Device

Fig. 3. Sketch showing a simplified electric circuit of a negatively charged
thunderstorm cloud base, a lightning elimination device, and ground.

A thunderstorm and the Earth form a natural capacitor,

where the cloud base and Earth’s surface act as conductive

plates, separated by an air dielectric. The capacitance C of

this system can be approximately expressed by [16]:

C =
ǫ0 ·A

d
(1)

where: ǫ0 is the permittivity of free space, A is the cloud

base area, and d is the cloud-ground separation distance.

When a lightning elimination device (LED) is introduced, it

adds additional capacitance pathways between the cloud and

the ground. Figure 4 illustrates the equivalent circuit model,

where Cg represents the capacitance between the thunder

cloud base and ground, Cd the capacitance between the cloud

and the device, and Cdg is the device’s capacitance to ground.

The total capacitance of the system is:

Ceq = Cg +

(

1

Cd

+
1

Cdg

)

−1

(2)

Since thunderclouds are vastly larger than any lightning

elimination device, the values of Cd and Cdg are insignificant

compared to Cg , meaning:

Ceq ≈ Cg (3)
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Fig. 4. Simplified equivalent circuit of the sketch in Figure 3, where Cg is the
capacitance between the thundercloud base and ground, Cd is the capacitance
between the thundercloud base and the lightning elimination device, and Cdg

is the capacitance of the lightning elimination device itself.

This result scientifically disproves the core claim of light-

ning elimination devices—they do not meaningfully alter the

overall thunderstorm-ground charge distribution.

Furthermore, electromagnetic field theory confirms that no

grounded object can influence the electric field of a thun-

derstorm on a large enough scale to prevent lightning. The

effective range of influence of any grounded conductor is

approximately equal to its physical height. Given that thunder-

storm charge regions extend for tens of kilometers, a grounded

object measuring only a few meters in height has a completely

negligible effect on the storm’s overall charge distribution.

Ironically, if lightning elimination devices functioned as

advertised, they would still need to be installed using the

rolling sphere method [17]. This contradicts manufacturers’

claims that one device can protect an entire area, as they

would need to be spaced in a grid pattern with protection

zones defined by traditional lightning rod principles.

If lightning prevention were theoretically possible, the only

viable approach would involve airborne interventions—not

ground-based devices. Cloud-seeding experiments have at-

tempted to modify microphysical processes within storms,

with inconclusive results [18]. Other potential atmospheric

charge control methods, such as artificial ionization or elec-

tromagnetic discharges, remain speculative and lack scientific

validation.

Decades of research, field testing, and peer-reviewed studies

confirm that lightning elimination devices do not and cannot

work as claimed. These devices:

• Do not alter the large-scale atmospheric charge balance

necessary for lightning formation.

• Have been experimentally determined to behave no dif-

ferently than standard lightning rods [13], [14].

• Are permanently enjoined from making false claims

about their effectiveness in expanded protection areas

[15].

• Have no supporting evidence in physics, atmospheric

science, or engineering literature [20], [21].

Since eliminating lightning is impossible, the only effective

protection is scientifically validated engineering solutions,

enforceable regulations, and real-time atmospheric monitoring.

V. SUMMARY

This paper presented the first installment in a three-part

series on lightning protection for spaceports and launch com-

plexes, focusing on historical failures and the underlying

physics of triggered lightning. Several notable case studies

were reviewed, emphasizing that lightning risk is not hypo-

thetical, but operationally real. Triggered lightning remains a

unique and underappreciated hazard, and future LPS decisions

must be guided by physical understanding rather than solely

by probabilistic models or empirical extrapolation.
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