FOGG

Fiber Optlics Group

18 May 2026. 15:00 - 17:00 CEST

EPIC Online Technology Meeting on

Photonics for Space - Extreme Environment

Opto-pyrotechnics for launch vehicles:
critical functions on the ground and in flight



Fiber Optics Group

. Opto-pyrotechnics and Ariane 6

‘&

arianeGroup

E
<
=
W
O
0
(]
3
a3
a
i
a
£
@
El
]
=
2
(=]
a
3
¢
3
b
w
Q
-

Opto-pyrotechnics for launch vehicles: critical functions on the ground and in flight



Global leader in fiber-based photonic solutions

FlbeI"TECh OPUCG Integrated fiber optic solutions
Highly complex assemblies

@ Fiber Opltics Group

A\
“a Photonic solutions provider
A ’\ Engineering, integration, and
production

by Fiber Optics Group Fiber Optics Group

SEDI-ATI

@ Fiber Optics Group

Extreme environments expert
Fiber optic assemblies



. FOG =3 high-tech companies specializing in photonics
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@ Fiber Optics Group @ Fiber Optics Group

CFiberassemblies&components >
COptoeIectronic systems & lasers >

CReﬂection probes ) CSpectroscopy& Microscopy )

Broad-band multimode couplers & WDM5>
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Pressure & vacuum fiber optic feedthrough9

Custom fiber optic bundles, arrays and
octopuses

Disposable spools for wire-guided vehicles)
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Specialty patchcords & con nectors)
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. Locations

FiberTech Optica

@t; Fiber Dptics Group

Founded in: 2000
Facilities: 750 m?

SEDI-ATI Employees: 15

Turnover 2025:1,5 M€
Joined FOG in: May 2025

£ IDIL

fq Fiber Optics Group

—_ Founded in: 1995
Facilities: 2300 m?

Employees: 60

Turnover 2025:9,2 M€

Joined FOG in: Dec. 2024
FT.  FiberTech

@ Fiber Optics Group S E D I .ATI

Fiber Optics Group

64? Fiber Optics Group

Founded in: 1951
Facilities: 2200 m?
Employees: 60
Turnover: 10,5 M€
Joined FOG in: July 2023
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. What is opto-pyrotechnics?

An opto-pyrotechnic system converts an optical signal into a pyrotechnic initiation.
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. Opto-pyrotechnic train lines with automated test for optical harness

Verify the integrity of the opto-pyroline before firing, thanks to an interrogation component (custom WDM).

IDIL / SEDI-ATI . SEDI-ATI SEDI-ATI
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Opto-pyrotechnic train lines with automated test for optical harness

A low-power IR control signal (a few mW) is launched into the complete opto-pyro line up to the IOP. The backscattered
signal is then analyzed by an OTDR to assess the integrity of the optical link, including the condition of splices, connections,
defects, and other relevant features.

IDIL / SEDI-ATI . SEDI-ATI SEDI-ATI
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Opto-pyrotechnic train lines with automated test for optical harness

When the backscattered control-light signature is deemed nominal, the LFU is authorized to emit high-power NIR laser pulses
(typically ~30 W) to activate the IOP.

IDIL / SEDI-ATI . SEDI-ATI SEDI-ATI
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. The benefits of opto-pyrotechnics over electro-pyrotechnics

1. Improved safety & dependability.
« Optical harnesses and fiber-based components are immune to EMI with excellent EMC.
« Improved integrity testing of the pyrolines thanks to a built-in test/verification system.

Reduction in mass and weight (typically a 50x reduction in cable volume and a 20x reduction in mass).

Long-distance transmission (hundreds of meters) enabled between the laser source and the
initiator thanks to extremely low optical transmission loss of optical fibers.

4. Direct contact between the optical fiber and the pyrotechnic material to ensure the high-
power densities required for thermal initiation.
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Control source. Optical harnesses and Hardened multimode |IOP/ DOP patchcord
& Laser firing unit patchcords multiplexer
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. Pyrotechnic applications on the launch pad

Main functions

1.

Cryogenic systems disconnection

2. Cryogenic arms retraction

Extreme environments and
constraints

Cryogenic temperatures from liquid
hydrogen (-250°C) and liquid oxygen
(-180°C).

Severe thermal gradients during engine
and boosters’ ignition.

High mechanical loads from the arms’
own mass and the launch structure.

Rapid motion constraints because the
arms must retract in seconds.

Jet blast from booster ignition and liftoff.

Tight timing and synchronization with
the countdown sequence.

Very high reliability requirements to
prevent any failures during launch.
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. Pyrotechnic applications on the launcher Ariane 6

O Functional

. Flight termination in case of emergency
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m Fairing
O — — Extreme environments and constraints
O Booster + Broad temperature range from -70°C to +120 °C
w + Extreme pressure during detonation ~3 000 bars
Q Main functions « Must remain gas-tight after detonation to prevent backflow of gases,
0O 0. Flight termination powder, and debris
Lt 1. Engine ignition (Vulcain 2.1) * Resistant to mechanical stress, strong shocks and vibrations during liftoff,
2. Booster ignition (P120C) * Resistant to pyroshocks: do not trigger the adjacent initiator
3. Booster separation » Resistant to rapid decompression
4. Fairing separation « Inorganic materials (zero outgazing)
5. Lower stage separation + Compact and lightweight devices
6. Engine ignition (Vinci) + Admissible optical power > 40 W on 105 um fibers
7. Propulsion system management (valve actuation) * Resistance to corrosion and salt fog
8. Separation of payload « Very high reliability requirements to prevent any failures
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. Real images of separation events during an Ariane 6 flight

Q.
D)
O
—
O
0))
9
)
Q
O
—
)
=
LL

Booster separation Upper stage separation

2 min 18 seconds after liftoff 7 min 46 seconds after liftoff

Credit: ESA /ArianeGroup / Réaltra
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Any questions?

@ fiberopticsgroup-com

F l .' In @fiber-optics-group

Fiber Optics Group :

contact@fiberopticsgroup.com
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