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Practice:

Use built-in redundancies, safe and arm provisions, approved and qualified initiators and
detonators, shaped charge development testing to collect empirical data for design (empirical
testing), and fail-safe designs to achieve reliability in launch vehicle command destruct systems.

Benefits:

The benefits of implementing the practices spelled out herein are protection against inadvertent
activation of the launch vehicle command destruct system, reliable activation and operation of
the command destruct system in the event of vehicle malfunctions, and protection of the mission
hardware and personnel prior to and during the launch.

Programs That Certified Usage:

Saturn I, IB, and V, External Tank prior to 1996, and Space Shuttle Solid Rocket Booster
(SRB).

Center to Contact for More Information :

Marshall Space Flight Center (MSFC)

Implementation:

Introduction:

The Space Shuttle Command Destruct System (CDS) is a triplex configuration providing a
redundant subsystem on the SRB.  The CDS consists of RF receiving elements, dedicated power
sources and pyrotechnics.  When activated, the CDS terminates the thrust of the SRB by
pyrotechnic charges that sever the Solid Rocket Motor (SRM) cases along 70 percent of their
length.

The SRB onboard command destruct system allows the Range Safety Officer to intentionally
destroy the SRB in the event of flight path deviation, improper flight
parameters, or inadvertent separations.  

The Command Destruct System consists of the components and
quantities listed in Table 1.
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Table 1.  Number of Command Destruct System Components Used in SRB
COMPONENT NUMBER USED PER SRB (2 SRBs/ flight)

Antenna 2
Lightning Protection Stub 3
Directional Coupler 1
Hybrid Coupler 1
Integrated Receiver Decoder 2
Range Safety Distributor 1
NASA Standard Detonator (NSD) 2
Safe & Arming Device 1
Confined Detonating Fuse (CDF) Assembly 7
CDF Manifold 2
Linear Shaped Charge (LSC) 1
Range Safety System (RSS) Battery 1
Recovery Battery 1

Figure 1 is the SRB CDS Functional Diagram.

Figure 1.  SRB Command Destruct System Functional Diagram.
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Ground commands arm the safe and arm (S&A) device approximately five minutes prior to SRB
ignition.  If destruct action is required, the nominal range safety destruct procedure will consist
of energizing the “arm” command several times, application of a one second pause, then
energizing the “fire” command several times or until the destruct action is accomplished.  The
fire command to the Pyrotechnic Initiator Controller (PIC) discharges its capacitor, igniting the
NSD.  The detonation from the NSD is propagated through the S&A device transfer charge and
the CDF train to the linear shaped charge (LSC).  The detonation output of the LSC cuts the case
along 70 percent of the length of the Solid Rocket Motor causing destruction of the SRB.

Reliability Considerations:

The minimum overall system reliability goal for the Command Destruct System is 0.999 at a 95
percent confidence level.  Some reliability considerations considered during design,
development, qualification, and acceptance testing are listed below:

1. Elimination of single point failures.
2. Redundancy.
3. Fail-safe functions.
4. Personnel properly trained in handling, assembly, installation, and checkout of command

destruct systems.
5. Development testing, qualification testing, and, especially, acceptance of every

pyrotechnic device lot manufactured are monitored by engineering and quality personnel.
6. Adherence to the provisions of NHB 5300.4 (ID-2), “Safety, Reliability, Maintainability,

and Quality Provisions for the Space Shuttle Program.”
7. Redundant paths are verified by test.
8. Electronics and cables are checked out after installation down to NSI installed in the

NSD.
9. NSD bridge wire resistance is verified after installation.
10. Safe & Arm device function is verified after installation.
11. Other reliability analysis such as Worst Case, Fault Tree, FMECA, Parts Stress, Single

Event Effects, Thermal/Structural Stree, and Sneak Circuit Analysis should also be performed,
where applicable.

Design methods for reliable Command Destruct Systems are listed below:

1. Separation of redundant equipment except the Range Safety Distributor, Hybrid Coupler,
Safe and Arming Device, and dual systems mounted on the same mounting panel.

2. Provide a fail-safe design for ascent critical functions.
3. The Command Destruct System operates in a standby mode for ascent and is exempt

from in-flight redundancy verification.
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4. The Command Destruct System electronics include sufficient instrumentation to provide
self-diagnostic ground indicators except for the PIC which uses built-in test equipment
for the ground checkout of the pyrotechnic electronics.  Demating of electrical cables is
not permitted except for the NSD.

5. Redundant components susceptible to contamination or environmental failure are
separated.

6. Inadvertent electrical shorting due to debris is prevented by design.

Design engineering and quality engineering review and approve manufacturing procedures and
processes.  Quality engineering also reviews and approves inspection criteria required to ensure
that qualification and flight hardware are free of defects.

Development testing, qualification testing, and acceptance testing are principal methods by
which pyrotechnic devices are proven to meet design requirements and to meet the reliability
levels necessary for manned launch vehicles.  All test records and data are reviewed by NASA
and prime contractor engineering and quality personnel.

The Eastern Space and Missile Center Range Safety Officer’s approval is required for Command
Destruct System conceptual design, detailed design, qualification/acceptance test requirements,
range prelaunch test requirements, test plans and procedures, installation and checkout
procedures, failure corrective action, and launch approval.

Technical Rationale:

The design, manufacture, testing, and launching of the Command Destruct Systems have been
proven over a period of more than 30 years.  The Command Destruct Systems for theSRB have
flown on the Space Shuttle for over 70 flights without a failure.

Impact of Nonpractice:

Not adhering to the proven practices for the design, manufacture, and testing of the Command
Destruct System could result in premature detonation of pyrotechnic devices which would
terminate the SRB resulting in loss of mission, possible loss of crew, and possible injury and loss
of life at the launch site.

Related Practices:

None.
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