XiOptics | ENGINEERING TECHNICAL PAPER

rr~ )
~ XiOptics

—— PRECISION OPTICAL COMPONENTS ——

ENGINEERING TECHNICAL WHITE PAPER

Style 1 vs. Style 2 Cable Strength-Member and Jacket
Retention

MIL-PRF-29504/4 Pin and MIL-PRF-29504/5 Socket Optical Termini

Design architecture ¢ Termination efficiency ¢ Process assurance ¢ Qualification implications

Prepared for: Design engineers, connector applications engineers, manufacturing engineers, quality engineering, and program
technical authorities

Document ID Revision Issue date Document classification

Engineering discussion /

XI-TP-29504-001 B 31 October 2026 L .
application guidance

Scope note: This paper compares typical heat shrink adhesive-bonded Style 1 and integral bonding-cup Style 2 termination
implementations. Actual retention details, application compatibility, military qualification status, and acceptance criteria
remain governed by the applicable drawing revision, approved termination instructions, and program procurement
requirements.

Executive technical summary

Style 1 and Style 2 termini share the standardized optical mating function but use different cable-retention architectures.
Conventional Style 1 terminations use externally dressed aramid strength members captured by a thermally recovered sleeve at
the rear barrel. Style 2 uses an integral rear bonding cup to secure prepared cable reinforcement—and, when the approved
cable construction permits, jacket elements—within a defined adhesive retention region.

The principal Style 2 advantage is process simplification: it eliminates the separate external heat-shrink retention operation,
including yarn dressing beneath the sleeve, sleeve positioning, and thermal recovery. This reduces the number of manual
assembly operations and removes associated workmanship-sensitive variables. It does not eliminate adhesive dispensing,
surface preparation, cure control, or final mechanical/optical verification.

Style 1 remains extensively designed into mature defense and aerospace cable assemblies because of qualification history,
drawings, tooling, and configuration-control inertia. For new programs—or approved legacy redesigns—Style 2 warrants
consideration as a lower-complexity termination architecture, provided all mechanical, environmental, and interoperability
requirements are demonstrated.

1. Purpose and technical scope

This document provides a comparative engineering assessment of rear cable-retention designs associated with MIL-PRF-
29504/4 pin and /5 socket optical termini. The analysis addresses tensile load transfer, strain relief, jacket engagement,
operator-dependent variables, process inspection, assembly labor, environmental exposure, and applicability to legacy system
configurations. The paper does not claim that either retention style is universally more reliable without matched qualification
evidence.
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2. Design background and legacy architecture

The 29504 removable-terminus design family was established during the late 1980s and early 1990s, when externally retained
strength-member approaches were established production practice. Style 1 consequently appears in a large installed base of
military and aerospace cable assembly drawings. Continued usage is frequently driven by approved configuration and long
service history rather than a fresh comparison of manufacturing alternatives.

Revision-controlled military drawings and contracts may specify an individual contact style and qualified manufacturer. Optical
mating compatibility, even when provided by the interface standard, must not be interpreted as unconditional authorization to
replace a qualified cable assembly component.

3. Retention mechanisms

3.1 Style 1: external strength-member capture

In a representative Style 1 process, the cable jacketis prepared, aramid reinforcement is exposed and dressed around the
exterior rear barrel, and a adhesive lined heat shrink retention sleeve is positioned and heated to its specified recovered
condition. The optical fiber is separately secured within the ferrule. Cable tensile load must be conveyed from
jacket/reinforcement into the terminus body without excessively loading the glass fiber.

The strength-member-to-barrel interface is constructed by the technician during assembly. This is a manual process and
requires careful application of heat to the retainer heat shrink to properly melt the heat activated adhesive while not apply
excessive heat so as to damage the plastic carrier. Its consistency can depend on reinforcement overlap length, yarn
distribution, sleeve axial position, appropriate material recovery, heating practice, and compatibility with the cable jacket. A
post-recovery exterior visual inspection does not, by itself, reveal every underlying retention detail. In most applications the
end-product will have a fully shrunk tubing section with irregular surfaces due to underlaying yarn. Excessive irregularity may
cause sealing issues with connector grommet seals.

3.2 Style 2: integral bonding-cup capture

In representative Style 2 designs, the metal rear body incorporates a defined cavity that receives prepared reinforcement with a
qualified adhesive system. The cavity provides a mechanically defined bond region and removes the need to wrap

reinforcement beneath a separate shrink sleeve. Depending upon the approved design and cable construction, the jacket may
also engage or be secured in this rear region; jacket retention must not be assumed solely from the existence of a bonding cup.

The Style 2 load-transfer mechanism is an adhesive/reinforcement/metal interface whose effectiveness depends on cleaning,
wetting, adequate fill, void control, reinforcement insertion, proper cure, and material compatibility. Geometry alone cannot
establish bond strength. When complete Style 2 presents the connector grommet seal with a perfectly cylindrical surface,
hence less propensity for air gaps that allow moisture intrusion.

Attribute Style 1 Style 2

Reinforcement adhesively captured in

Primary rear retention External yarn capture / recovered sleeve . .
integral rear cavity

. . S Cavity geometry incorporated in machined
Retention structure Constructed externally during termination v v P

contact
Additional thermal operation Localized sleeve recovery No separate sleeve-recovery step
Jacket interaction Sleeve and/or cable-specific detail Cable-specific bond/engagement detail
Process-sensitive interface Yarn dressing and sleeve recovery Adhesive placement, wetting, cure and bond

integrity

4. Termination workflow and design for manufacturability

Both styles require core optical termination work: cable preparation, fiber stripping and cleaning, ferrule adhesive application,
cure, cleaving/polishing as applicable, optical inspection, and final mechanical acceptance. The differentiator is the auxiliary
cable-retention sequence. Style 1 adds a precision manual operation involving fine aramid yarns, a small cylindrical barrel,
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sleeve handling, and localized heating. Style 2 consolidates strength-member capture into an integral adhesive bonding

operation.

Operation / characteristic Style 1 Style 2
Prepare jacket and aramid yarn Required Required
Dress yarn externally around rear barrel Required Not required
Install and position heat-shrink sleeve Required Not required
Apply and verify sleeve recovery heat Required Not required
Place reinforcement inside bonding cavity  Not typical Required
Control adhesive dispense / wetting / cure  As applicable Required
Inspect optical termination Required Required

Verify tensile retention to approved

criteria Required Required

The Style 2 advantage is therefore not simply a lower step count. It reduces operations that require holding a small optical
contact while positioning flexible yarn and thermally recovering a sleeve without disturbing the fiber. This is relevant to short-run
production, field repair, confined work areas, and retraining of operators who terminate such components infrequently.

Manufacturing labor comparisons should report per-accepted-assembly results rather than only bench time: Total accepted
unit labor = (direct labor + inspection labor + expected rework labor) / first-pass yield. A claimed labor improvement is
meaningful only when cable type, equipment, operators, lot size, and acceptance requirements are controlled. XiOptics has
previously reported potential labor savings up to 30%; this should be described as a manufacturer claim unless validated
against the target assembly.

5. Process verification and quality assurance

5.1 Eliminated Style 1-specific checks

By eliminating heat shrink sleeve-based retention, Style 2 removes the need to validate and/or inspect the unique retention
operations of yarn dressing beneath a shrink sleeve, sleeve positioning and coverage, thermal-recovery technique, and
adequacy of the recovered sleeve geometry. These are removed process characteristics—not merely defects addressed by
inspection.

5.2 Controls that remain necessary for Style 2

Style 2 must still be produced under an approved termination procedure. Critical attributes typically include cable strip
dimensions, strength-member exposure, bond-area cleanliness, adhesive selection and shelf life, dispensing volume,
avoidance of trapped voids, insertion depth, cable alignment, cure time/temperature, fiber bond integrity, and acceptance
testing. Adhesive bonding may itself require process validation because full internal bond quality is not always observable by
nondestructive visual inspection.

Accordingly, the technically correct claim is: Style 2 reduces operator-dependent retention processes and eliminates separate
heat-shrink process verification; it does not eliminate operator workmanship controls or product verification. This distinction
matters in customer design reviews, supplier quality audits, and qualification documentation.

5.3 Process capability model

A conceptual decomposition of measured process variance is o’total = o®material + ozequipment + ozoperator + g’environment,
assuming independent contributions. Removing sleeve handling and recovery removes corresponding contributors to the Style
1 operator/equipment terms, while introducing the need to manage the internal bond process. The actual net capability benefit
must be quantified through production and qualification data.

6. Structural load path and failure mechanisms

The design intent of both styles is to transmit axial cable force through reinforcement into the terminus shell, limiting direct load
transfer to the glass fiber. For Style 1 the representative load path is cable » aramid yarn > external sleeve/rear-barrel interface
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> contact body. For Style 2 it is cable » aramid yarn > adhesive bond in integral cavity > contact body. Actual constructions may
include additional jacket and adhesive load paths.

A first-order nominal average shear-stress assessment for an adhesive interface is tavg = F/Aeff, where F is applied axial force
and Aeff is the effective bonded load-bearing area. Actual local stresses are nonuniform, particularly near bond terminations
and within distributed reinforcement yarns. This expression is a screening approximation, not a design allowables calculation.

Potential mechanism Style 1 Style 2

Uneven external yarn distribution Applicable Removed with sleeve operation
Incorrect sleeve location / recovery Applicable Eliminated

Excessive localized sleeve heat Applicable Eliminated

Incomplete adhesive wetting / cure Applicable where bonded Critical consideration

Insufficient reinforcement engagement Applicable Applicable

Axial slip / fiber overload Possible if retention deficient Possible if bond deficient

Jacket incompatibility Cable dependent Cable dependent

A qualified Style 1 installation can meet its prescribed tensile and environmental requirements. The argument for Style 2 is
reduced assembly complexity and removal of particular failure opportunities—not categorical immunity from cable pull-out,
flexure damage, bond degradation, or optical loss.

7. Environmental and connector interface considerations

Temperature cycling, mechanical vibration, humidity exposure, fluid contamination, and cable flexure may affect the
mechanical retention interface. Style 1 brings a thermally recovered polymer sleeve and its interfaces into the retention system.
Style 2 removes that sleeve but relies on the adhesive bond and compatibility of the cable, adhesive, and metal components
over the specified environment.

A smooth extended metallic rear-body surface may provide a more geometrically consistent mating surface for some connector
rear-grommet/lip-seal designs than a recovered sleeve. However, contact seating, tooling clearance, seal compression, rear
accessory envelope, and grommet sealing are configuration-specific and require direct verification. Environmental superiority
cannot be inferred from geometry alone.

8. Legacy systems, interchangeability, and design authority

Because Style 1 was incorporated into numerous qualified programs during the early generations of military fiber-optic
deployment, installed-base inertia is material. Drawings, approved sources, technical manuals, tooling, spare-part inventories,
and repair qualification can anchor a legacy architecture long after an alternative becomes available.

The standardized optical interface and relevant interoperability provisions can make a Style 2 contact suitable for consideration
in a Style 1-based interconnect system, but mating compatibility is not equivalent to unrestricted cable-assembly substitution.
The design authority must review approved configuration, exact part-number suffix, pin/socket interface, ferrule characteristics,
cable construction, retention performance, rear-grommet compatibility, and qualification requirements.

For new designs, retention-style selection should be an affirmative manufacturability and reliability decision rather than simply
replication of historical drawings. For fielded programs, transition should proceed through documented engineering change and
verification.

9. Engineering trade study: advantages and limitations

Criterion

Style 1 — benefits / limitations

Style 2 — benefits / limitations

Service / design history

Assembly work content

Operator sensitivity

Extensive legacy approvals; drawing
familiarity

More manual handling and sleeve process

Sleeve location, yarn distribution, heating

May require new configuration approval

Simpler process; no external sleeve

Bond application and cure remain sensitive

XI-TP-29504-001 * RevB ¢ October2026 | 4



XiOptics | ENGINEERING TECHNICAL PAPER

L . . Fewer separate operations, not zero
Process assurance More distinct retention checkpoints

inspection
Repair / field use Existing procedures and stock Potential tooling and ease-of-use advantage
Mechanical assurance Qualified configurations exist Requires cable-specific bond qualification
. Potentiall istent th body;
Environmental interface Established on many platforms otentlatly consistent smooth rearbody

must verify

10. Proposed verification plan for a Style 2 change

A representative paired study should use the same cable manufacturer/construction and comparable ferrule/optical
requirements. Include multiple operators and production lots, and document equipment, adhesive batch, curing conditions,
and work instructions.

e Time every termination operation and compare mean and distribution of labor per accepted terminus.
° Record first-pass yield, reject/rework cause codes, and operator-to-operator variability.

e  Conduct prescribed tensile pull-out testing, noting load and actual failure mode.

e  Measure insertion loss and return loss where applicable, before and after environmental exposure.

e  Conduct applicable thermal cycling, vibration, flexure and humidity conditioning.

e  Verify mating, extraction tools, rear grommet seals, and contact seating in target connector.

e Document cable/jacket compatibility, adhesive process qualification, and drawing-change approval.

Success criteria should be established prospectively against the applicable current military detail sheet and program-specific
product drawing, rather than back-calculated from observed Style 2 results.

11. Conclusions and application recommendation

Style 1is a proven legacy retention approach that can satisfy the governing requirements when correctly assembled and
qualified. Its principal manufacturing disadvantage is an externally formed, heat-shrink-based strength-member retention
operation that increases handling, thermal process content, and operator-dependent variability.

Style 2 provides an integral bonding-cup architecture that removes that separate operation. The engineering benefit combines
simplified assembly with the elimination of discrete sleeve-related process controls and failure opportunities. These
characteristics make Style 2 a compelling candidate for new MIL-PRF-29504/4 and /5 cable-assembly designs and for approved
redesigns of legacy platforms.

Recommendation: Evaluate fully qualified Style 2 termini such as those provided by XiOptics as the baseline retention choice
for new designs where cable construction and system configuration permit. Preserve Style 1 for installations whose established
qualification and configuration requirements govern. State the principal quality benefit precisely: Style 2 eliminates separate
shrink-sleeve retention process verification—not the overall requirement for termination process control or product
acceptance.

12. References and document governance

e  MIL-PRF-29504, Termini, Fiber Optic Connector, Removable, General Specification For (applicable contractual revision).
e  MIL-PRF-29504/04, pin terminus detail specification (applicable contractual revision).

e  MIL-PRF-29504/05, socket terminus detail specification (applicable contractual revision).

e  XiOptics, MIL-PRF-29504 Style 2 Termini, manufacturer technical literature.

e  XiOptics, Termination for M29504/4, /5, /6 and /7, Style 2 (Tight), procedure XOTP0O0O1 Rev. 1A.

e J-Tech, 29504 Termination Procedure, QW75-310 (Style 1 and Style 2 termination procedure comparison).

e Applicable manufacturer qualification reports and assembly-specific mechanical/environmental test records.

Reference-control note: Verify all citations, current revisions, and contractual requirements prior to external publication.
Manufacturer claims and conceptual mechanics are not substitutes for measured qualification or a controlled comparative
production study.
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