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RATIONALE

Revision required to update the document in line with the state-of-the-art in laser wire stripping and address editorial
changes as needed.

INTRODUCTION

Laser wire stripping technology was developed under the sponsorship of NASA in 1977 to provide an alternative solution to
mechanical wire stripping for use on wiring systems for the space shuttle. Laser wire stripping is a non-contact process
which avoids the risk of nicking, scraping, or cutting the conductor strands, thereby improving process quality.
Advantageously, in addition to stripping single core wires, laser stripping can also be applied to stripping the outer jackets
of shielded cables whose cross section is highly non circular and not well suited to mechanical stripping methods. This SAE
Aerospace Information Report (AIR) provides an introduction and overview to the state-of-the-art in laser wire stripping
technology.
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1. SCOPE

This SAE Aerospace Information Report (AIR) describes laser wire stripping technologies and recommendations to strip
electrical single conductor wires and shielded cables intended for aerospace applications. These recommendations include:

e Laser types for wire stripping

Laser stripping system configuration

e Quality assurance

e Tool qualification

e Tool inspection

e User health and safety

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. The applicable issue of other publications shall be the issue in effect on the date of the purchase order. In the
event of conflict between the text of this document and references cited herein, the text of this document takes precedence.
Nothing in this document, however, supersedes applicable laws and regulations unless a specific exemption has been
obtained.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

AS5768 Tool, Stripper, Electrical Insulation, General Specification for
2.2 Definitions

LASER: Laser is an acronym for light amplification by stimulated emission of radiation. Lasers are a source of intense
monochromatic light in the ultraviolet, visible, or infrared region of the spectrum. The “active” or lasing medium may be a
solid, liquid, or gas. The laser beam is generated by energizing the active medium using an external power source, which
is most commonly electrical or optical.

CO2 LASER: The carbon dioxide (COz2) laser was one of the earliest gas lasers to be developed. The active laser medium
is a gas mixture composed of carbon dioxide, nitrogen, hydrogen, and helium. The CO: laser produces a beam of infrared
light with a wavelength of 10.6 ym.

CW LASER: Continuous-wave (CW) lasers emit a steady beam of light with a constant power.

EXCIMER LASER: Excimer lasers are gas lasers emitting in the ultraviolet range. They use a combination of a noble gas
(argon, krypton, or xenon) and a halogen gas (fluorine or chlorine) as the lasing medium and operate at discrete wavelengths
in the range 193 to 351 nm.

Nd:YAG LASER: Nd:YAG lasers are one of the most common solid-state lasers. The lasing medium is an yttrium aluminum
garnet (YAG) crystal doped with neodymium. Nd:YAG lasers are optically pumped using flashlamps or laser diodes. They
emit light with a wavelength of 1.064 um, in the near infrared spectrum.

PULSED LASER: Pulsed lasers emit light in a series of pulses of short duration at a given repetition rate with a given peak
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SEMICONDUCTOR LASER: Also called diode laser or laser diode, a semiconductor laser is a solid-state laser in which the
active medium is formed by a p-n junction of a semiconductor diode similar to that found in a light-emitting diode. They emit
at a range of wavelengths from the near UV through the visible to the near infrared.

3. LASER WIRE STRIPPING TOOLS AND TECHNOLOGIES
3.1 Introduction to Laser Wire Stripping

The principle of laser wire stripping is to focus a laser beam onto the surface of the wire or cable and move it with a controlled
speed. The insulation absorbs the laser beam and is therefore vaporized and ablated. The laser beam is essentially reflected
by the metallic conductor or shield. Non reflected energy transferred to the conductor or shield is dissipated due to the high
thermal conductivity of the metal.

3.2 Laser Types Used for Wire Stripping
3.2.1 CO:Lasers

CO:z2 lasers emit in the infrared at a wavelength of 10.6 um. Most insulation materials absorb strongly at this wavelength and
exhibit a low damage threshold. They can be ablated at a low laser power density. Metals have a high reflectivity and a high
damage threshold at this wavelength. The COz: lasers used in laser wire stripping devices have a typical average power
between 10 W and 50 W, and are typically sealed units offering long lifetimes and low maintenance. They may work in a
CW (continuous wave) or pulsed (RF-excited) regime. The latter allows the heat affected zone to be reduced with some
wire types. A key advantage of CO:z lasers is their universal ability to cut through and strip almost all insulation types used
in aerospace wires, up to and including high temperature fiber glass insulations, clear and opaque insulations, and
insulations of all colors (see examples in Appendix A). In addition, appropriately configured machines can offer high
productivity and can process wires in batches of up to, e.g., 20 wires at a time, using even relatively low power 10 W lasers.

3.2.2 Semiconductor Lasers

Violet and blue CW semiconductor lasers have also been introduced in laser wire stripping devices. Many insulation types
scatter visible and near infrared light but offer significant absorption in the violet or blue region and can therefore be cut
efficiently even with a low power laser beam. However, evidence from some end users shows that there are certain
insulation types that are less well processed using these visible lasers. This includes FEP, etc., and also transparent
insulations. The main advantages of this technology are maintenance-free operation, low power consumption, and a very
small size, enabling the design of compact tools.

3.2.3 Other Lasers

CW Nd:YAG lasers were tested and used by NASA in their 1977 research. They can be used on a limited range of insulation
types because of typically high light scattering of insulation materials in the near infrared range, but have proven to be an
efficient way to cut polyimide insulated wires. The technology has, of course, advanced since then but a key issue with CW
Nd:YAG lasers remains the degree of carbonization generated in the heat affected zone on certain aerospace wire
insulations.

Ultraviolet (UV) lasers can be used to strip wire insulation by disassociating the molecules rather than by vaporizing with
heat. They are particularly suitable for processing very fine enamel insulated wires, less than 0.02 inch (0.5 mm) diameter.

3.3 Laser Wire Stripping Systems - Configuration and Applications

Laser wire stripping systems may be configured in a number of ways dependent on the application and requirements. The
commonest approaches are described below.

3.3.1 Laser Wire Strippers Employing Rotary Beam Delivery

In this approach, the laser beam is delivered by a rotary optical system. The wire or cable is positioned on the central axis
of the system, around which the optical unit rotates, describing a full 360 degree arc to provide a circumferential cut to the
insulation. Alternatively, the laser beam may be fixed while the wire is rotated; however, this is not generally very practical
except for short wires. In either case, only one wire or cable can be processed at a time. DOCU ments

Document Sharing Hub

Full document details: SAE AIR6894A


http://www.avadocuments.com/doc/sae-air6894a
http://www.avadocuments.com/doc/sae-air6894a

SAE INTERNATIONAL AIR6894 ™A Page 5 of 16

The advantage of rotary systems is that the beam remains approximately orthogonal to the surface of the insulation, allowing
the laser power density to be maintained at a nominally constant level at the surface throughout the process. This facilitates
a more constant cut depth which in turn allows rotary laser strippers to process a wide range of single core wire sizes and
also shielded cables. In particular, as the power density remains constant, this makes it easier to strip large gauge single
core wires, such as power feeder cables (see Figure 1). These applications typically utilize relatively high power CO:2 lasers
with outputs of 30 W or higher.

Figure 1 - Example of a BMS13-60 2/0 PTFE tape wrapped power feeder cable,
0.495 inch (13 mm) outside diameter, stripped using a rotary CO: laser (note clean carbon free cut)

In addition, rotary laser wire strippers are well suited to stripping the irregularly shaped outer jackets of multi-conductor
cables. For such applications, the preferred approach is to establish the parameters required to cut partially through and
score the outer jacket, such that the laser beam does not reach the shield. Following this, the cable end can be lightly
manually flexed to break the residual insulation, thus enabling the jacket to be removed (see Figure 2). In this way, there is
no danger that the laser beam may penetrate through to the inner wires and damage them (see also 4.3).

Figure 2 - Example of an end strip on an extruded XLETFE jacketed two core shielded cable,
stripped using a rotary CO: laser (note clean carbon free cut)

The strips on cable ends are often several inches long, and as the jackets are often quite tightly bonded to the inner shield,
it can be difficult to slide the jacket off. Another advantage of the technology is that it allows a partial longitudinal strip to be
made, stretching from the circumferential strip to the end of the cable; this may be either a linear or helical strip (see
Figure 3). The residual insulation can then also be broken through, enabling the jacket to be safely and easily removed like
a banana skin.
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