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1. SCOPE:

This SAE Aerospace Information Report (AIR) will examine network aspects of open and
shorted stubs, line reflections and bus loading due to network changes. Single network
level is assumed, that is, no carriage store hierarchical levels. However, two passive
network coupling variants called "branched bus" and "branched stub" will be introduced that
possibly could be used in a stores management network.

This report assumes familiarity with MIL-STD-1553B.
1.1 Purpose:

This document summarizes the results of hardware tests on simulated weapon data bus
networks utilizing MIL-STD-1760 (Reference 2.2.1).

Unique to this application is the fact that the network is reconfigurable by connecting
together mission dependent MIL-STD-1553B (Reference 2.2.2) store remote terminals
(RT)s at artificial network breakpoints. Further, during normal data bus operation the
weapon RTs are physically removed from the network. That is, in-flight weapon
separation from aircraft results in "open stubs" on the bus network. See Figure 1. All this
gives rise to changing network conditions, stubs exposed to harsh environments (such as
during rocket motor firing), noise interference, interoperable store requirements for
US/NATO military services and controversy about the effect of "open stubs" on bus
performance.
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FIGURE 1 -EBasic Stores Management System Bus Metwork
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221 MIL-5TD-1760A through MIL-5TD-1760D Aircraft/Store Electrical Interconnection
System

222 MIL-5TD-15%3E Digital Time Division Command/Eesponse Multiplex Data Bus
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3. GENERAL COMMENTS:

The terms used in this report are consistent with MIL-STD-1760. The network is used for
control and monitor of interoperable stores (missiles, bombs, pods) mounted either internal
or external to aircraft. The current means for store control and status is through the use of
MIL-STD-1553B.

3.1 Stores Management System (SMS) Bus Network:

Most of the MIL-STD-1553B SMS bus network is located internal to the aircraft as
illustrated in Figure 1. To preserve bus integrity, the bus should cross as few internal
aircraft separation planes as possible. The bus coupler and stub wiring to the Aircraft
Station Interface (ASI) would be enclosed in the aircraft. However, unused ASI
connectors and AS| to Mission Store Interface (MSI) umbilicals would be exposed to the
separation event. Additionally, for externally mounted stores, the ASI to MSI path may be
exposed to harsh environments over long time periods. The path from the MSI store
connector to the remote terminal would be internal to the store. For example, in the
AMRAAM missile (AIM-120) the internal cable length to the RT is about 2 feet.

3.2 Waveform Envelope:

MIL-STD-1760 defines the ASI output characteristics as a waveform envelope varying
from a square wave to a sine wave with peak-to-peak, line-to-line amplitude between 1.4
and 14 volts. MIL-STD-1353B transformer coupled remote terminals must be able to
operate with these sighals as low as 0.86 volt peak-to-peak. This allows a margin of 0.54
volt peak-to-peak for possible signal attenuation and noise injection between the AS| and
the store RT.

4. DISCUSSION:

Initial SMS network loading depends upon the number and type of stores connected to the
hetwork. Different missions may result in different initial bus loading. During mission
operation, the network loading changes as stores are released. Normally, the network
loading decreases as the stubs go open circuit (open); however, loading can increase
considerably if the stubs become short circuit (shorted). Traditional MIL-STD-1353B avionic
hetworks have constant loads and, therefore, are not subject to the dynamic environment of
SMS networks.
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