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Harsh Environment Cabling is defined as an environment beyond the limits normally 
encountered by commercial telecom, data communication, and intra-equipment 
fiber data links. They operate in extremes of: 

• Temperature; above or below (-40 to +75) degrees C
• Shock and vibration
• Tensile strength (e.g., for fiber-guided missiles, tethered sensors, etc.)
• High electromagnetic or radio-frequency (EMI/RFI/EM P) interference
• Corrosive and/or solvent surroundings
• Atomic and other radiation
• External pressure extremes
• Rough handling during installation/deployment

The specifications of these environments also vary widely, beyond commercial 
specifications, depending on applications. A high temperature requirement of 85 
degrees C for military/aerospace, instead of 75 degrees C commercial, is most 
common, but there are 1000 degree C environments; 100-G shock, 1500 rem/hour 
radiation, etc., that can be required of fiber-optic components. 
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Harsh Environment Cabling (All media)

Source: Bishop and Associates 2009

Source: Electronic Cast Consultants 2009

2008 $357M 2015 $1.3B

Harsh Environment Cabling (Fiber Optic)
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Fiber Optic Tutorial

• Wavelength
• Fiber Type
• Cable Construction
• Loss
• Return Loss
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There are several factors that cause 
loss in a fiber that are 
characteristics of the light and fiber 
and have nothing to do with external 
factors like bending or stress.  The 
primary loss mechanisms in fiber is 
scattering shown below and 
absorption shown to the right

The graph below shows the spectral attenuation 
(loss with respect to light wavelength) of a typica l 
radiation hardened fiber.  The red lines show low 
attenuation wavelengths suitable for optical 
transmission at 850nm, 1300nm and 1550nm.  
These low attenuation areas are called “windows.”

Common LEDs operate at 850nm and 
1300nm.  Because LEDs are large the are 
suitable for multimode fiber applicaitons.  
Common Lasers operate at 1310nm and 
1550nm.  Lasers are small and are suitable 
for singlemode fiber.



Interconnect Tutorial – Fiber Type

Input 
Pulse

Output 
Pulsen1n2



Interconnect Tutorial – Cable Constructions

TIGHT BUFFER
• Advantages - flexible, easy to strip, small diameters 

and tight bending performance 

• Disadvantages - limited environmental performance, 
more susceptible to crushing, susceptible to wicking 

SEMI LOOSE TUBE
• Compromise between tight and loose buffer 

LOOSE TUBE
• Advantages – Decouples stresses from on the 

cable from the fibers, excellent temperature 
range, water blocking

• Disadvantages – larger bend radius, larger 
finished diameters

Provides crush resistance and moisture protection

LOOSE BUFFER
• A loose construction that allows the buffer and 

fiber to move with respect to the jacket and 
strength member.



Interconnect Tutorial – Loss/Attenuation/dB

Attenuation is the optical power loss.  It can be m easured 
in % or in dB (or decibels).  

Example:

We have a 10m length of optical fiber.  We connect one end to an optical 
source and the other end to an optical power meter.   The power meter reads 
55mW.  Then we cut the cable in half and terminate each end with our size 
22 termini and mate them together in a D38999 conne ctor.  We then measure 
the optical power at 48mW.  What is the insertion l oss of the size 22 termini?

Answer:  

Loss (%) = (1-P final / Pinitial ) X 100 = (1-48mW/55mW) X 100 = 12.7%

Loss (dB) = -20 log (P final / Pinitial ) = -20 log ( 48mW/55mW) = 1.18dB



Interconnect Tutorial – Return Loss

Optical Return Loss (ORL) is the ratio (expressed i n dB) of optical power 
reflected by a component or an assembly to the opti cal power incident on a 
component port when that component or assembly is i ntroduced into a link or 
system. 

• Light reflects at surfaces between materials 
of different indices of refraction

• Glass to air interface yields about a 4% 
reflection

• Occurs at fiber optic joints

• Splices have lower back reflection due to 
fusing or using index matching fluid

• Domed (PC) fiber end minimize back 
reflection because a large portion of the 
mating fiber core touch

• APC connectors further reduce return loss 
because the reflected light is at an angle 
greater then the fiber’s critical angle.



Interconnect Product Offering

Primary Product Offerings

1) Custom fiber optic and hybrid (fiber optic with 
electrical) harnesses for extreme environments 
(very low or high temperatures, very high 
pressure or vacuum, high shock and vibration…)

2) Custom fiber optic and hybrid interfaces (size, 
shape, functions…)
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Fiber Optic Cable Assembly Capabilities

• Custom connector backshell
with two D38999 Series IV 
connectors

• Ceramic ferrule M29504/4 (pin) 
and /5 (sockets) termini  
• Typical optical loss < 0.4dB.

• Termini, connector and 
backshell are Cooper products

• Harsh environment multi-channel 
lanyard connector shell with metal 
M29504/4 (pins)  

• Custom ceramic ferrule single 
channel connectors.  
• Typical loss < 0.5dB.  

• Termini and connectors are 
Cooper products

Hercules FO fan out
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Fiber Optic Cable Assembly Capabilities

•Fiber optic loopback assembly for 
testing integrated fiber optic 
harnesses on board an aircraft.

• Utilizes a composite D38999 series 
III receptacle with steel ferrule 
M29504/4 (pins)

• Typical loss < 0.5dB 
• Termini and connector are not 
Cooper products

• D38999 series III with ceramic ferrule M29504/5 
(sockets) to ST fiber optic connectors

• Typical loss < 0.3dB  
• Clear convoluted tubing provides crush and 
bend protection while allowing a visual fault finder 
to locate problems through the protective conduit

• Convoluted tubing is attached to the connector 
backshell to provide strain relief without clamping 
or crushing the fiber optic cable

•The connector, backshell, convoluted tubing and 
ST connectors are not Cooper products

F/A-18 FO Loop Back MD-80 FO Flt Test Assy



Interconnect Products Offerings – Pin/Socket Termini

Size 22 Terminus in a Size 9 D38999

ARINC 801 Terminus, 16 Gauge

International Space Station umbilical 
and FO size 16 termini

• We can terminate 
most any cable with 
most any connector.

• We have developed a 
unique FO assembly 
process and tooling 
designed to 
significantly improve 
performance and life.

• We are AS9100 
certified factory.

• We have rapid 
prototyping design 
capabilities.
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Tyco

AmphenolCooper offers an Active Optical Contact (AOC) 

• Converts digital electrical data signals to 
digital optical data signals within a removable 
size 8 or 9 contact.  

•It provides an electrical equipment  interface to 
an optical backplane.

Competitive Products

Stratos



Interconnect Applications/Customer Base

• Space launch vehicles – reusable 
and expendable

• Satellites – protected or exposed.

• Aircraft – avionics, displays, in-
flight entertainment, EFB, flight 
controls - http://www.ainonline.com/news/single-
news-page/article/gulfstream-testing-fly-by-light-
controls/

•UAV – HD Video and Control

• Ground Support, Test, Simulation

• Very high speed terrestrial – radar 
systems (FAB-T)

• Onboard System Monitoring

• Subsea – HD camera, high speed 
data, buoy to buoy links, sonar, 
detector arrays

• Towed vehicle cables, 25000 lbs pull

Gulfstream G650
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Glenair
http://www.glenair.com/fiberoptic/pdf/fi
ber_full.pdf

D38999 and GHD connectors with size 16 and 18 termini.
Cable and connector assemblies in extreme environment market.
Marketing angle – quick delivery

Amphenol (Mil-Aero)
http://www.amphenol-
industrial.com/new/fiberoptics.asp

D38999 offerings include M29405 termini, a tight tolerance shell
and insert, a precision insert and the ARINC 801 connector.  
No online literature speaks of extreme environment applications 
except for space station (which is poorly marketed)
Media converters

Amphenol (FSI)
http://www.fibersystems.com/products/
pdf_configurator/M38999-2P-DS-
072708.pdf

D38999 cable assemblies (aerospace). 
Many shipboard cables (harsh environment)
High pressure and downhole connectors (25KSI, 175C)

Radial

http://www.radiall.com/radiall/easysite/
go/03r-00000a-
004/categoryId/1327488

Size 16 and Size 12 termini for D38999, M83723, ARINC 404, 
ARINC 600, ARINC 801, EPX connector styles.
Telecom connectors and expanded beam connector offerings.
FO harnesses for moderate environments, Media converters

Tyco

http://www.tycoelectronics.com/catalog
/menu/en/22559?BML=10576,17560,2
2645,16017

Telecom connectors and assemblies, Media converters, Size 16 
termini for D38999, M83723, ARINC 404, ARINC 600, ARINC 
801, EPX connector styles.
Large offering of expanded beam for rugged circular and rack and
panel connectors



Interconnect Competitors (cont)

Timbercon

http://www.timbercon.com/Defense
-Government-Fiber-
Optics/index.html

http://www.timbercon.com/Military-
Products/index.html

Telecom connectors and cable assemblies, 
Testing services,
D38999 and M28876 connectors, termini and assemblies.  
Ruggedized solutions and assemblies.
No extreme environment listed but implied on website.

QPC

http://www.qpcfiber.com/harsh-
environment/index.html

Telecom assembly provider.  
Shipboard connector and cable assemblies (M22876 and customs).  
Tactical cable assemblies.  
Custom connectors and assemblies.  
QPC is marketing themselves as an extreme environment provider.

Tempo

http://www.tempo-
textron.com/prod_list.cfm?cat=105
0&subcat=1052

FO test equipment, 
Size 16 termini for D38999 and M28876 connectors,
2.5mm and 1.25mm termini for MC3 and MC5 high performance 
connectors.  
Assemblies for Airborne Laser (ABL), AWACS, B-1B Lancer, C-130 
Hercules, Electronics Countermeasures Integrated Test, (ECIT), 
Fiber Optic Towed Decoys (FOTD), F-15 Eagle, F/A-18 Super 
Hornet, F-22 Raptor, F-35 Joint Strike Fighter (JSF), International 
Space Station, RAH-66 Comanche, PHALANX CIWS Shipboard 
Defense System, SPAWARS GPS FOAL (Fiber Optic Antenna 
Link)



Interconnect Selling Position – Successful History

18

Harpoon Missile 
• 16 gauge terminus in D38999 connectors
• Rugged single channel connectors

SHARP (Standard Hardware Acquisition and 
Reliability Program) 
• Size 16 expanded beam terminus

Space Station, qualified on SSQ 21637
• 16 gauge terminus in umbilical connector



Interconnect Sales Position - Experience

Key Experience in Extreme Environment FO
• Rob Gilberti, 20 yrs mil-aero FO cables and 

harnesses
• Darrell Fernell, 30 yrs cables, harnesses, 

termination
• Peter Milsted, 25 yrs design, sales and 

marketing, harnesses and E/O equipment
• John White – 30 yrs optical systems, extreme 

environment connector, harness and 
termination design



Interconnect Sales Tools
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Opportunity –At-
A-Glance 

Customer 
engagement tool

Harsh Environment Cable 
Catalog

3rd QTR Publication

http://www.cooperinterconnect.com/fiber-optic-conne ctors.html
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• If you do not have a working 
knowledge of fiber optic jargon, 
contact John White, (805) 389-5768, 
john.a.white@cooperindustries.com

• Find the FO development 
programs

• Find FO customer dissatisfied 
with their suppliers.  There are 
many harness manufactures that 
have lost their technical 
competency.  Listen to their 
complaints.

• Find key engineers developing 
new systems for example Dave Zika
at Boeing Phantom Works.  Fiber 
optic systems ARE being designed 
for new vehicles.

Gulfstream G650
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