(’ﬂ \ ®
MIL-STD-1553 Goes Commercial ]D)]DXC

© 2010 Data Device Corporation. All trademarks are the property of their respective owners.



MIL-STD-1553 Goes Commercial White Paper

MIL-STD-1553 Goes Commercial

Introduction

MIL-STD-1553 is a seria data bus that has been used as the primary command and
control interconnect in military aircraft for the past three decades. MIL-STD-1553's
robust performance, high level of interoperability, large installed based, and well
established infrastructure of vendors has made MIL-STD-1553 the network of choice
for military avionics systems around the world.

The use of MIL-STD-1553 is not limited to military aircraft. MIL-STD-1553's use is
pervasive in military ground vehicles, military ships, UAVs, missiles, and satellite
systems. More recently MIL-STD-1553 has been selected for use in the primary flight
control system for a commercia aircraft(1). All of these applications share common
requirements for a reliable, fault tolerant data bus that will operate in relatively harsh
environments. Aircraft applications have unique environmental requirements such as
lightning immunity, wide temperature range, high vibration, and high electromagnetic
interference (from sources such as radar). MIL-STD-1553 was explicitly designed to
operate in these demanding environments.

This paper explores some of the mgjor attributes of MIL-STD-1553 and discusses why
MIL-STD-1553 isan ideal choice for use in commercial aircraft systems.

Physical Layer

One of the key architectural features of MIL-STD-1553 is the use of transformers.
Transformers are used for two fundamental purposes: galvanic isolation and impedance
matching. Galvanic isolation is a major benefit in systems, such as aircraft, that have
severe EMI and lightning requirements. Isolation is even more critica in new
composite aircraft where the skin of the aircraft no long provides an inherent Faraday
shield as was the case with aluminum skinned aircraft.

MIL-STD-1553 defines the topology to be a multi-drop linear bus. Multi-drop buses
tend to be lower cost, lower complexity, and lower weight than a switched fabric
network. The challenge in implementing a multi-drop bus is to maintain signal integrity
to all the receivers on the bus. One of the biggest impediments in a multi-drop bus is
reflections. MIL-STD-1553's use of bus couplers is a unique architectural feature that
reduces reflections and thus contributes to the performance of this robust physica

layer.

Minimizing Reflections

A multi-drop bus starts with a main bus cable that has a characteristic impedance of Z,
and is terminated into a resistive load equal to Z,. Transmissions will propagate down
the bus and will be dissipated into the termination resistor. Stub cables are then used to
connect terminals (communication end points) to the bus. Reflections will occur due to
the mismatch in impedance on the main bus caused by the stub connection (refer to
Figure 1). Part of the incident wave will be reflected (reflected wave), part will be
transmitted up the stub cable (stub wave), and a portion will continue down the
transmission line (transmitted wave).
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Figure 1. Reflections Caused by Impedance Mismatch

It may be expected that a stub cable be terminated with the characteristic impedance at
the terminal interface, however, MIL-STD-1553 defines that the terminal must have a
relatively high input impedance. The high input impedance of the terminal relative to
the characteristic impedance will produce a large reflection coefficient at the terminal
connection to the stub. The result of this high impedance is that most of the stub wave
will be reflected back toward the bus and will add back into the incident wave with a
phase shift due to the delay down the stub and back. If the terminal were terminated in
the characteristic impedance then the signa would be attenuated at every stub
connection, and would significantly limit the number of terminals that could be
connected to the bus. Instead 1553 minimizes the attenuation due to the stub at the
expense of adight amount of phase distortion.

The amount of reflection on the main bus will be based on the impedance mismatch
caused by the stub (refer to Equation 1). The impedance at the stub connection (Z,)
will be a result of the cable’'s characteristic impedance in paralel with the impedance
of the stub. A higher stub impedance will produce a higher Z, and result in a lower
reflection coefficient (Cr).

Equation 1. Reflection Coefficient

Ly —Z
CR= L 0
Zy + Z

Increasing the impedance of the stub will reduce the amount of reflections on the main
bus. The impedance of the stub will be based on the combination of the input
impedance of the termina and the distributed impedance of the cable. Figure 2
illustrates the first —order magnitude calculation of the impedance of the stub as a
function of stub length. The figure shows that a 20 foot direct coupled stub with a
terminal input impedance of 2000 ohms will result in a stub impedance of less than 300
ohms.
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Figure 2. Stub Impedance Versus Stub Length

MIL-STD-1553 defines the option for a transformer coupled connection which utilizes
a bus coupler to increase the input impedance of the stub and thus reduce reflections on
the main bus. The bus coupler contains a transformer with aturns ratio of 1:1.41 (refer
to Figure 3). The transformer will increase the effective impedance of the stub by the
turnsratio squared (i.e. by afactor of 2 to 1).

Referring to Figure 2, a transformer coupled terminal will have an input impedance of
1000 ohms. With a stub length of zero the impedance of the terminal will be increased
by factor of two (plus the 52.5 ohm series resistors), resulting in an effective stub
impedance of 2105 ohms (assuming an ideal transformer). Figure 2 also illustrates the
more realistic case using an actual transformer, which will provide an effective stub
impedance of approximately 1300 ohms for zero stub length. The real benefit of the
transformer coupled connection can be seen with longer stubs lengths. The impedance
of a 20 foot stub using transformer coupling will be almost twice the impedance of a
direct coupled stub.
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Figure 3. Bus Topology
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MIL-STD-1553's transformer coupled connections enable the use of relatively long
stubs (up to 20 feet or longer) while still maintaining reasonable transmission line
characteristics on the main bus (i.e. minimizing reflections and attenuation).

Fault Isolation

MIL-STD-1553 provides the benefit of fault isolation through the use of seriesresistors
in the path between stubs and the main bus. The fault isolation resistors will allow the
network to continue operating even in the presence of a short circuit on one of the stub
connections.

Impedance Matching

The values of the isolation resistors and the turns ratio of the coupling transformers are
specified such that a matched impedance is presented on the stub input to a bus coupler
which helps reduce signal distortion due to secondary reflections on the stub. Refer to
Figure 4. A direct coupled terminal will be presented with a bus impedance Zg which is
equal to Zy/2 at the end of the stub. A transformer coupled terminal will be presented
with a reflected impedance Zr through the coupling transformer. The bus impedance
for the transformer coupled configuration consists of Zy/2 (termination resistors) in
series with two isolation resistors with a value of 0.75 * Z,. Therefore the bus
impedance Zg for atransformer coupled terminal will be Zy/2 + 2* 0.75* Zy=2* Z,.
The impedance reflected through the transformer (Zg) will be increased by the turns
ratio squared. ZR = Zg/(1.41)? = Z,. The net effect of the bus coupler is that the
impedance from the stub looking into the bus coupler is equa to the characteristic
impedance Z, which means that the stub is presented with a matched impedance, which
will reduce reflections on the stub.
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Figure 4. Transformer and Direct Coupled Stubs

MIL-STD-1553 combines stringent transmitter and receiver specifications with a
generous link budget to produce a robust data bus that is extremely tolerant to various
channel conditions based on bus length, number of nodes, and environmental
conditions (such as noise, EMI, and lightning).
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Protocol Layer

MIL-STD-1553's use of a command/response protocol enables highly deterministic
communication making it ideal for real-time command and control functions, which
typically require the transfer of data at a periodic rate (isochronous communication).
Every transfer on the bus is initiated by a central bus controller (BC). The centralized
bus controller allows the scheduling of data transfers with microsecond accuracy and
very low jitter.

Reliable Link Layer

MIL-STD-1553 combines error detection with acknowledgement to implement a
reliable link layer protocol. All data transfers on the 1553 bus start with a command
word from the BC and include a status response (acknowledgement) from a Remote
Terminal (RT). The RT isrequired to respond to the command within 12 usec. The BC
will wait aminimum of 14 usec for the RT response before considering the message to
have timed out. Following a timeout the BC has the option of retrying the message
either on the same bus or on the redundant bus. 1553's short response timeout value
(14 usec) and relatively small payload size (64 bytes max) alow for efficient
retransmissions. 1553 also includes support for dua redundancy making it an ideal
choice for high availability systems.

Time Synchronization

Many distributed processing systems require time synchronization. MIL-STD-1553
provides the facility for a Remote Terminal to synchronize their local time through the
use of the “synchronize” and “synchronize with data’ mode codes (protocol specific
messages). The synchronize mode code is generally used to reset a loca free running
counter within the MIL-STD-1553 controller chip while the synchronize with data
mode code is used to load the local free running counter within MIL-STD1553
controller with a specific value. Most controller chips, such as DDC's ACE series of
components, implement the synchronize mode codes autonomously (without host
processor intervention) which enables accurate distribution of time with minimal
impact on processor bandwidth. The synchronize mode codes facilitate time
partitioning and just in time delivery of data.

Test Plans (Certifiability / In-service History / Maturity

One of the halmarks of MIL-STD-1553's success over the years has been the high
level of interoperability between MIL-STD-1553 interfaces in different boxes.
Interoperability is a fundamental requirement for integration of complex systems.
Compliance to MIL-STD-1553 is ensured through a suite of validation and production
test plans (refer to Table 1). These test plans are published by the Society of
Automotive Engineers as Aerospace Standards.

Table 1. Summary of MIL-STD-1553 Compliance Test Plans

Validation Test Plan for Aircraft Internal Time Division

ASALLL Command/Response Multiple Data Bus Remote Terminals

Production Test Plan for Aircraft Internal Time Division

ASALL2 Command/Response Multiple Data Bus Remote Terminals
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Table 1. Summary of MIL-STD-1553 Compliance Test Plans

ASA113 Validation Test Plan for Aircraft Internal Time Division
Command/Response Multiple Data Bus Bus Controllers

ASA114 Production Test Plan for Aircraft Internal Time Division
Command/Response Multiple Data Bus Bus Controllers

ASA115 Test Plan for the Digital Internal Time Division Command/Response
Multiplex Data Bus System

In addition to a rigorous suite of compliance test plans MIL-STD-1553 also has
millions of flight hours of in-service history to attest to its reliable operation in an
aircraft environment. DDC has estimated that one of their MIL-STD-1553 controller
chips has over 65 million flight hours of in-service history. Validation testing and in-
service history are important contributors to the design assurance level of systems,
especially aircraft systems that will ultimately need to meet the requirements of DO-
178 and DO-154.

Conclusion

Why consider a new, unproven technology for use in a flight environment when a
mature technology like MIL-STD-1553 is available? The reliability and robustness of
MIL-STD-1553 has been proven based on decades of flight history. In addition, MIL-
STD-1553 is more cost effective than most people realize. A common misconception is
that a 1553 interface is very expensive when in redlity the cost of a MIL-STD-1553
node has consistently decreased in price over the last 10 years. MIL-STD-1553 is a
natural choicefor usein commercial aircraft systems.

Michael Hegarty
Principal Marketing Engineer
Data Device Corporation

For more information, contact Michael Hegarty at 631-567-5600 ext. 7257 or
Hegarty@ddc-web.com. Visit DDC on the web: www.ddc-web.com.

Data Device Corporation is recognized as an international leading supplier of high-
reliability data interface products for military and commercia aerospace applications
since 1964 and MIL-STD-1553 products for more than 25 years. DDC's design and
manufacturing facility islocated in Bohemia, N.Y.
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Leadership Built on Over 45 Years of Innovation

Military | Commercial Aerospace | Space | Industrial

Data Device Corporation (DDC) is the world leader in the design and manufacture of high-reliability data bus
products, motion control, and solid-state power controllers for aerospace, defense, and industrial automation
applications. For more than 45 years, DDC has continuously advanced the state of high-reliability data
communications and control technology for MIL-STD-1553, ARINC 429, Synchro/Resolver interface, and
Solid-State Power Controllers with innovations that have minimized component size and weight while increasing
performance. DDC offers a broad product line consisting of advanced data bus technology for Fibre Channel
networks; MIL-STD-1553 and ARINC 429 Data Networking cards, components, and software; Synchro/Resolver
interface components; and Solid-State Power Controllers and Motor Drives.

Data Bus | Synchro/Resolver | Power Controllers | Motor Drives

DDC is a leader in the development, design, and manufacture of highly reliable and innovative military data bus
solutions. DDC's Data Networking Solutions include MIL-STD-1553, ARINC 429, and Fibre Channel. Each
Interface is supported by a complete line of quality MIL-STD-1553 and ARINC 429 commercial, military, and
COTS grade cards and components, as well as software that maintain compatibility between product generations.
The Data Bus product line has been field proven for the military, commercial and aerospace markets.

DDC is also a global leader in Synchro/Resolver Solutions. We offer a broad line of Synchro/Resolver instrument-
grade cards, including angle position indicators and simulators. Our Synchro/Resolver-to-Digital and Digital-to-
Synchro/Resolver microelectronic components are the smallest, most accurate converters, and also serve as the
building block for our card-level products. All of our Synchro/Resolver line is supported by software, designed to
meet today's COTS/MOTS needs. The Synchro/Resolver line has been field proven for military and industrial
applications, including radar, IR, and navigation systems, fire control, flight instrumentation/simulators, motor/
motion feedback controls and drivers, and robotic systems.

As the world’s largest supplier of Solid-State Power Controllers (SSPCs) and Remote Power Controllers (RPCs),
DDC was the first to offer commercial and fully-qualified MIL-PRF-38534 and Class K Space-level screening for
these products. DDC’s complete line of SSPC and RPC boards and components support real-time digital status
reporting and computer control, and are equipped with instant trip, and true 1°T wire protection. The SSPC and
RPC product line has been field proven for military markets, and are used in the Bradley fighting vehicles and
M1A2 tank.

DDC is the premier manufacturer of hybrid motor drives and controllers for brush, 3-phase brushless, and
induction motors operating from 28 Vdc to 270 Vdc requiring up to 18 kilowatts of power. Applications range from
aircraft actuators for primary and secondary flight controls, jet or rocket engine thrust vector control, missile flight
controls, to pumps, fans, solar arrays and momentum wheel control for space and satellite systems.

Data Device Corporation is ISO 9001: 2008 and AS 9100, Rev. B certified.

DDC has also been granted certification by the Defense Supply Center Columbus (DSCC) for manufacturing
Class D, G, H, and K hybrid products in accordance with MIL-PRF-38534, as well as ESA and NASA approved.

Industry documents used to support DDC's certifications and Quality system are: AS9001 OEM Certification,
MIL-STD-883, ANSI/NCSL Z540-1, IPC-A-610, MIL-STD-202, JESD-22, and J-STD-020.
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REGISTERED TO ISO 9001:2008

REGISTERED TO AS9100:2004-01
FILE NO. A5976

The first choice for more than 45 years—DDC

DDC is the world leader in the design and manufacture of high reliability
data interface products, motion control, and solid-state power controllers
for aerospace, defense, and industrial autfomation.

Inside the U.S. - Calll Toll-Free 1-800-DDC-5757

Headquarters and Main Plant

105 Wilbur Place, Bohemia, NY 11716-2426
Tel: (631) 567-5600 Fax: (631) 567-7358
Toll-Free, Customer Service: 1-800-DDC-5757

Web site: www.ddc-web.com

Ouiside the U.S. - Call 1-631-567-5700

United Kingdom: DDC U.K., LTD

Mill Reef House, 9-14 Cheap Streetf, Newbury,
Berkshire RG14 5DD, England

Tel: +44 1635 811140 Fax: +44 1635 32264

France: DDC Electronique

10 Rue Carle-Herbert

92400 Courbevoie France

Tel: +33-1-41-16-3424 Fax: +33-1-41-16-3425

Germany: DDC Elekironik GmbH
Triebstrasse 3, D-80993 MUnchen, Germany
Tel: +49 (0) 89-1500 12-11

Fax: +49 (0) 89-15 00 12-22

Japan: DDC Electronics K.K.

Dai-ichi Magami Bldg, 8F, 1-5, Koraku 1-chome,
Bunkyo-ku, Tokyo 112-0004, Japan

Tel: 81-3-3814-7688 Fax: 81-3-3814-7689

Web site: www.ddcjapan.co.jp

Asia: Data Device Corporation - RO Registered in Singapore
Blk-327 Hougang Ave 5 #05-164

Singapore 530327

Tel: +65 6489 4801

The information in this document is believed to be accurate; however, no responsibility is assumed by Data Device Corporation for its use, and no license or rights are
granted by implication or otherwise in connection therewith. Specifications are subject to change without notice.
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