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ABSTRACT
With the rise of satellite constellations imminent, the University of Toronto Space Flight Laboratory has prioritized
creating repeatable, modular spacecraft bus designs that can be produced with lower effort, cost, and time.
Streamlining for larger production quantities inspired the development of a new SFL bus. DEFIANT aims to satisfy
the need for a spacecraft bus capable of supporting a wide variety of payloads all using almost identical structure,
power architecture, computing systems and wiring harness. The wiring harness connects all electrical components
within the structure and can pose significant challenges during assembly and integration if not considered during initial
design. This paper explores the development of the DEFIANT bus wiring harness that achieves the goal of modularity
through iteration and consistent consideration of assembly, and highlights the multidisciplinary nature of the harness
as it impacts all major subsystems. Using the principles of point-to-point harnessing coupled with an increased number
of connectors and carefully selected connector location, the harness has been designed from the start to support
constellation missions. Iterating through various degrees of fidelity in wiring routing provided practice for the
engineering team to offer near constant feedback. With this work, the DEFIANT bus harness design is robust for
various constellation missions SFL will launch and identifies a methodology for developing future modular harnesses
for other spacecraft.
I.

INTRODUCTION

A
typical
mission
breakdown is shown in
Figure 1, where the
mission is the highest
level of the project and the
component
level
is
generally
the
most
granular. An example of
mission responsibilities
include the goals and
objectives that are relevant
to the customer. The
systems
level
is
responsible for the method
in which the satellite will
accomplish the mission
objectives.
The
Figure 1: Space Mission subsystem level defines
Breakdown
the requirements each
subsystem must meet to
accomplish the system goals and the components play
directly into the subsystem requirements. The wiring
harness falls under the systems level of the mission
breakdown as it is related directly to almost every single
subsystem in a physical or electrical manner.

The main pillars of the fast-growing microspace
philosophy are low cost and low risk through high
quantity of missions. The purpose of this strategy is to
address the need for space platforms on a short timeline,
less than 18-24 months on average. To achieve more
missions, each mission must be lower cost, and be able
to reduce cost at any opportunity [1]. To do so, it is
important to develop and maintain in-house designed
subsystems for use across different missions. The
microspace approach prioritizes using existing
components or subsystems instead of designing from
scratch at almost every opportunity as it reduces costs
and time. This coupled with extensive testing on
components and assemblies proves the robustness of the
strategy [1].
One of these important satellite features is the wiring
harness that links all major components in an electrical
and mechanical manner. Unfortunately, the harness is
often left until nearly the end of the design phase, often
resulting in complex, time-consuming and error prone
designs that are scrapped when a new mission is
upcoming using the same bus.
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II.

BACKGROUND

Wiring Harness Procedures

With spacecraft subsystems diverse in nature and with
the miniaturization of electronic components, the wiring
harness plays an increasingly challenging role in
ensuring system functionality.

Harnesses are generally designed by the electrical
engineer supporting a project and reviewed by others
repeatedly during design to confirm its correctness in
meeting power, signal and safety requirements.
Specifically, there are five main steps to harness
assembly: review, assembly, safe-to-mate, harness
routing and final tie-down [3, 4].

Wiring harnesses fulfill a single overarching goal of
connecting all electrical components as required in the
satellite bus. These connections take several forms:
power, high frequency signal, low frequency signal, and
connections for ground support equipment (GSE) [2].
They are mainly composed of insulated wire of a given
gauge inserted into connectors that bridge components
across a structure. Radio frequency cabling requires
different signal support using coaxial cables determined
by communications requirements. Connectors, their
variations, and relevance to harnessing is discussed in
Section 3.

Review and Assembly
The team often gathers to review (formally and
informally) off-the-shelf (OTS) component information,
power requirements and other constraints to ensure the
needs of the subsystems are being met in the harness.
Once the team has confirmed the design of the harness
in terms of signals and destinations, the harnesses can be
built, inspected and serialized. The harnesses are
assembled at SFL by technicians following schematics
developed by the engineering team.

Wiring Harness Requirements
Regardless of the mission, the Space Flight Laboratory
(SFL) has developed a list of harness guidelines that
enable the harness to withstand launch and the space
environment while ensuring a long mission lifetime in
orbit. These guidelines in Table 1, are separated into
Design, and Assembly, Integration and Test (AI&T).

Safe-to-Mate
Regardless of the intention for correctness, there is
always some risk that a given harness is either designed
or manufactured incorrectly and with this, a critical
procedure in wiring harness work is safe-to-mate (STM).
To mitigate this risk, STM is a critical procedure defined
by an organization to its specifications. SFL uses a safeto-mate procedure to check its own harnesses once built
or reworked as well as those from other sources.

Table 1: Summary of Main SFL Harness
Requirements [3, 4]
Area

Requirement

Design

All materials should be checked for outgassing
characteristics, specifically less than 1% Total Mass Loss
(TML), less than 0.1% Collected Volatile Condensable
Materials (CVCM) [5]

Design

Power wiring must use proper wire gauge and must be
twisted pairs to prevent electromagnetic interference

AI&T

All harnesses must be tied down at least every 3cm

AI&T

All harnesses when mounted should conform to the rated
wiring bend radius

AI&T

All harnesses when routed should not be looped to
prevent magnetic field generation

AI&T

All harnesses must be safe-to-mated after purchasing,
assembly, and after any revisions

AI&T

All harnesses made in house must be inspected for proper
manufacturing including splice construction, soldering,
wire stripping and other features according to the most up
to date IPC J-STD-001 and Space Addendum standards

AI&T

All harnesses when mated to connectors must be staked if
defined by the connector manufacturer

Figure 2: Safe-to-mate diagram
The objective of the safe-to-mate process is to check the
continuity of signals across each contact between either
a harness and a component, or a harness and another
harness, outlined in Figure 2. This process is consistent
in many space organizations, including the process
defined in the NASA Design and Manufacturing
Standard for Electrical Harness, Quality Assurance
protocol 7.4 which states, “Harness assemblies shall be
tested for point to point electrical continuity in
accordance with the applicable wiring diagrams or wire
lists” [4]. The steps to perform the STM consist of
consulting the manufacturing diagrams for the
components connected to either side of the harness, in
this case Components A and B. This ensures that any
errors in the harness design are avoided, by checking
both the design to ensure the harness connects all the
right pins, and that the harness is functional.

Following these overall requirements, the harness is then
designed to reflect the mission specific structure and
components. More harness requirements are defined
based on the payload and the engineering team
responsible for AI&T.
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Routing and Final Tie-Down

due to wire length can be significantly constraining
especially when the wire requires a higher gauge for
power purposes.

Another important piece of procedure in harness work is
knowing how to secure the harness onto a structure.
There are several different protocols defined by the
industry, but for spacecraft, the protocol is to mainly
ensure the harness can perform before and after
environmental testing. SFL protocol states every 3cm of
harness is recommended to be tied down in some way,
as well as it is generally recommended to secure close to
each connector. This value comes from significant
experience within SFL where the scale of the harness is
small enough that 3cm is the maximum distance between
tie-down points to ensure the harness is secure. However,
these recommendations change based on the connector
type and harness inline components like diodes or
ferrites which should be held down on both sides. In
comparison, NASA’s requirement ranges between
1.9cm and 7.6cm based on the cable diameter [6].
The tie-down methods available are typically only tie
wraps and lacing cord which accomplish different goals.
The tie-down locations are often pre-determined on the
structure but can sometimes be added late stage by
adding a threaded hole and a plastic Tefzel tie-down, or
by epoxying a metal tab to loop the tie wrap through.
Both methods are shown in Figure 3 and Figure 4.

Figure 5: Wiring harness in a large spacecraft
Figure 5 provides a model of a large communications
satellite and the bundles diffusing throughout the
structure. This structure has over 50,000 connections and
20km of wiring [7]. Large spacecraft also tend to
prioritize redundancy with their subsystems as the
missions are expensive, involve decades of work, and
have long mission lifetimes, thereby reducing tolerance
to perceived risks.
Figure 6 shows a small satellite harness with scale. The
reduced complexity is due to the mass and volume
constraints as well as the significantly lower number of
parts in a microsatellite. The harness in a large satellite
is a number of smaller harnesses combined, compared to
what is typically a single harness for the SFL spacecraft.

Figure 3: Tefzel tiedown with lacing cord
(top), metal tie-down
with tie wrap (bottom)

Figure 4: Lacing cord
untied and Tefzel tiedown point with tie
wrap

Wiring Harnesses in Spacecraft
In traditional spacecraft design, the harness is required to
travel the entire length of the satellite several times,
which can mean the entire bundle may weigh over 100kg
[7]. While volume is less of a constraint in a large
communications satellite for example, that mass purely
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Figure 7 shows the same harness from Figure 6 but
installed onto the structure for NorSat-1. This is the main
harness sitting inside the main compartment for the SFL
NEMO bus. The harness then wraps around the walls of
the chamber to accommodate other components
mounted across the spacecraft.

DEFIANT Platform
The DEFIANT bus is designed for constellation use and
with this each subsystem is designed for high production
quantities. Increasing the bus modularity and
streamlining the development process through critical
assessment contributes to the scalability of the design for
future missions. The harness is a major component of
that modularity due to its interaction with all subsystems.
The DEFIANT bus has more power generation, more
payload volume and uses off-the-shelf separation
systems as compared to smaller SFL satellites.
DEFIANT is a size up from the NEMO bus, which uses
an XPOD dispenser. DEFIANT is more mass efficient
by virtue of not requiring a dispenser for launch vehicle
attachment and separation [9].
Table 2 below summarizes the general aspects of the
DEFIANT structure.
Table 2: DEFIANT Bus Characteristics

Figure 7: Harness mounted in NorSat-1 structure

Mass
Volume

This approach of one long harness is consistent with the
initial designs for microspace as they were low cost, low
complexity due to a limited number of components, and
relatively easy to assemble. However, as discussed later,
these types of harnesses are challenging to STM, debug
and rework as the entire harness must be removed.

Features
Payload
Layout

An example of the outer design of a DEFIANT
spacecraft is shown in Figure 8 where the deployable
solar arrays are extended off the body’s long axes.

Space Flight Lab Previous Platforms
Often it is desirable to develop multi-use platforms that
apply to several different payloads. The benefit of this
strategy is exemplified by the CubeSat standard
developed by CalPoly in 1999 where the CubeSat is a
standardized volume and mass requirement freely
available [8]. This layout is ideal for improving
accessibility to space by enabling launch providers to
house standard launch separation systems to fit Cubesat
configurations.
SFL has developed the same principles with multi-use
structures including the THUNDER, NEMO and
GRYPHON (aka Generic Nanosatellite Bus or GNB)
platforms. Each platform has a different mass and
volume limit as well as different separation mechanisms
or other features that may make it advantageous over
another for a specific payload. However, with the
development of a new payload, it is often the case that
the wiring harness is significantly redesigned due to new
components and layouts within the mechanical envelope.
Ideally, the wiring harness would be adjustable and
modular to be used in the same manner as the structural
platform.
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20-40kg (not including 5-10kg payload)
30cm x 30cm x 45cm (nominal)
Deployable arrays mounted on long edges
Off the shelf separation system
Variable masses and volumes (e.g. imaging,
propulsion systems, radio)
3 trays internally, 6 external panels

Figure 8: DEFIANT bus example
The DEFIANT bus has been designed with the intention
of modular capability by dividing the structure into three
primary bays: payload (+Z), radio (+X) and avionics
(-X). These divisions separate the components in each
bay allowing the components to be built up on the
outside surfaces of their respective trays on the benchtop
before integration into the pi-shape in Figure 9.
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the outside of each tray to the inside to connect the
subsystems across the interstitial space.

Payload tray

The rate sensor (RTS) bracket mounts the spacecraft’s
rate sensor and bridges the two X trays structurally. It is
also available space to add structure for harness routing.

Radio tray

The plan for assembly from this structure is to build the
trays on the bench flat, and then integrate the two X-trays
together by bolting the rate sensor and propulsion system
brackets to both trays. This then allows the +Z tray to be
integrated. With the three trays in place, the panels can
be mounted using various types of GSE to place the
spacecraft on different faces.

+Z

III.

DESIGN AND DEVELOPMENT

+X

As described above, the goal for DEFIANT during initial
design was to ensure that the wiring harness is not
Avionics tray
neglected and forced to accommodate all rigid structural
+Y
and thermal requirements at the end of the design phase.
+Z
Figure 11 summarizes the differences between the
current microspace approach and the new approach
Figure 9: DEFIANT bus internal tray layout
taken for the DEFIANT bus builds. Typical microspace
As shown in Figure 10, there are three brackets that span
approach is often to leave the harness to late-stage
the –X and +X trays: upper and lower propulsion system
development, overlooking the challenges from an AI&T
brackets and a bracket for the rate sensor. The interstitial
perspective. This means often times that as the design is
bay is shown shaded between the two trays.
finalized, the harness requires significant modification
during the flight builds. This means the design takes
longer to finalize initially than in the new approach. This
is avoided through the DEFIANT bus methodology
Propulsion which prioritizes simultaneous and iterative work on the
brackets structure and harness. Both areas feed into each other to
determine the most modular design.
+Z

Outer
surface

Outer surface

Rate sensor bracket

+Z
Interstitial area
+X

+Y

Figure 10: DEFIANT bus internal tray layout
showing brackets

Figure 11: Overall harness design methodologies

The propulsion system brackets can accommodate
propulsion systems of different types as required for the
mission or can be replaced with different brackets to
support other components. The harness must route from

From this perspective, there are three main areas that will
be discussed in the next section of this paper: connector
bulkhead in structure, connector types, and harness
routing. With this work done in advance of the flight
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builds, significant late-stage work is saved and the
design achieves the goal of modularity.

constraining. As well there are some typically used
connectors that are pre-wired, meaning they are unable
to be reworked but they are simple to install. The type of
connector in this case is driven by the need to use a
bulkhead system, not in the case of other missions which
are more mass and volume constrained. DEFIANT has
assumed a larger harness mass to accommodate this
design approach. The bulkhead connector is defined as
the connector that is panel-mounted to the tray structure.
One side of the connector is mounted directly to the tray
and the mating connector directly plugs into the tray.
Figure 13 below shows an example of a panel-mounted
bulkhead with harnesses on each side. The bulkhead
approach is discussed in more detail in the next section.

Figure 12: Summary of three main DEFIANT
modular harness work areas
Wiring Harness Philosophy for DEFIANT
For the purpose of this paper, the primary focus on will
be on the interstitial harness that spans between the –X
and +X trays in the DEFIANT bus. This harness is
particularly challenging due to the interconnectedness of
the connections between the avionics and radio bays. In
reducing the complexity on the outer side of each tray,
the interstitial area becomes much more intertwined.
With this, prior to the author’s involvement, the
engineering team developed a list of criteria that needed
to be considered that bridged two main principles in
harness design: One large interconnected harness, or
many harness stubs. The author’s first step to design the
harness was to determine which approach will guide
decision-making. Table 3 summarizes the advantages
and disadvantages to each approach. The main design
criteria were assembly, ability to safe-to-mate,
debugging, connector type and routing. These are the
most important aspects of a harness that can be
overlooked but can cause critical mission challenges. By
assembly it is meant the manner in which the harness is
constructed, i.e. in one piece at one time, or in many
pieces connected into one long network.

Figure 13: Bulkhead connector example diagram
Routing of harnessing with many stubs will be
challenging but is an important consideration because it
will need much more attention to tie-downs.
Table 3: DEFIANT Harness Approach Comparison
Factors

Assembly

Safe-to-Mate

Debugging,
Repair

Ease of debugging and repair is a criterion as during
other SFL projects there have been situations where
harnesses were incorrectly assembled and required
rework or re-manufacture. In this event, ideally, the
harness is in multiple parts so that the individual stubs
can be reworked while the rest of the harness is able to
stay attached to the spacecraft.

Connectors

Mass and
volume

Connector selection is vital for a new spacecraft bus as it
drives a significant amount of time during assembly,
integration and test. Challenging connectors to plug,
stake, release or otherwise use can be mission
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One splitting harness
Assembled with many
connections to move
power and signal,
limiting connectors to
component-level
Difficult and timeconsuming due to high
number of connections
(e.g. double crimps or
occasionally splices)
Very difficult requires taking apart
major bundle to repair
any harness
Minimum required
between source and
destination
components
Minimum mass and
volume due to limited
number of connectors
Can be tied at regular
intervals as connectors
spaced apart

Multiple harnesses
Assembled
individually and
connected with in-line
or bulkhead
connectors
Simpler due to higher
number of separate
cables that can be
tested individually
Easier as the
harnesses can be
disconnected and
worked on
individually
More due to in-line
and panel mount
bulkhead connections
Higher mass, volume
due to modularity
Requires more tiedown locations to
secure due to more
harness, connectors
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Following this analysis, the decision was made to take
on a multiple-stub harness approach as it more benefitted
the DEFIANT goal of modularity.

to the selection of the optimal connectors to enable
DEFIANT to reach its goals through high cycle life,
versatility, ease of installation and other factors.

Next, the author needed to determine which connectors
would satisfy the needs for the DEFIANT bus. The
engineering team consulted on development of a list,
with the author, of specific needs for different types of
connectors in the spacecraft. With this information the
author conducted a trade study to select connector
product lines for each type. These needs are described
below in Table 4:

With the connector supplier determined per major
category, this allows the routing to begin as there is a
concrete understanding of the assembly needs and
constraints for each harness. During this time, the
structure and other subsystems were in development so
the author consistently took part in decision-making
throughout the process.
IV.

Table 4: DEFIANT Connector Type Requirements
Need

Test Port

Generic
and
Filtered
Bulkheads

Radio
Frequency

Mixed
Power

With the understanding of what approach is selected, the
kinds of connectors required, and the choices are made
on the suppliers, the next steps are to both confirm the
full design of the harness and begin routing. As described
in Section 2, this means working with the subsystem
engineering teams to confirm the harness will achieve
functionality from a design point of view to connect and
power all components.

Description
The spacecraft is tested through the test port during
burn-in and integration and test processes. This
connector type must be resilient to cycling, must be
able to carry mixed power, CAN lines and high
numbers of pins (greater than 30).
For the DEFIANT bus, the goal is modularity which
can be achieved using “bulkhead”-type connectors.
These connect two pieces of harness, either through
a structural panel or tray, or mounted to a flange.
They can be used generically for low power and
signal needs, or they can be ordered specifically
with in-line filters per pin that better receive and
transfer signal from high-sensitivity components.
Also,
they
are
used
for
separating
electromagnetically sensitive compartments of the
spacecraft. These filtered bulkheads are specified
on a need-basis.
Due to the remote nature of spacecraft, radio
communications is a necessity. The cables used to
connect radio components (antennae, transmitters,
receivers etc.) utilize coaxial-type wiring that
requires separate cables for each connection, and
separate mechanical attention.
Components on-board the DEFIANT spacecraft
will occasionally prefer to have connectors that can
apply “high power” and “low power” pins. This is
specific to certain payload or power distribution
areas.

Design Space Definition
With the design confirmed, this allowed the harness
signals and destinations and gauges of wire to stay
consistent, but the mechanical accommodations were
able to be altered to best suit the platform. Specifically,
the author made the following assumptions and are
provided in Table 5, below:
Table 5: Design Space Definition Prior to DEFIANT
Harness Routing Exercises
Characteristic
Signal name, source and destinations
Splice number
Splice location
Wire gauge, colour and material
Wire length
Wire route
Bulkhead locations and size
Number and location of in-line
connectors
Tie-down locations and type

With the requirements laid out describing the needs of
the DEFIANT bus with respect to the kinds of
connectors in place, the next step was to assess which
connectors would satisfy each condition. To achieve
that, the author built a connector trade study comparing
many previously used connector product lines and new
connectors on the market. They were all compared on the
following criteria: Cost (per standard number of units),
lead time, availability of connector savers and non-flight
connectors, volume (based on standard 9 pins), filtering
options (for highly sensitive components aboard the
DEFIANT platform), mounting options (e.g. jackposts,
panel-mountable), wiring type (e.g. pre-wired, solder
cup, crimp), shell material and plating (based on
outgassing and static dissipation), keying options (to
prevent mis-mating different harnesses), cycle life,
tooling for install, vibration/shock ratings, temperature
rating, and space heritage. These extensive criteria lead
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WIRING HARNESS ROUTING

Status
Pre-determined
Pre-determined
Adjustable
Pre-determined
Adjustable
Adjustable
Adjustable
Adjustable
Adjustable

These criteria were important to understand in order to
recognize the boundaries of the design space. This
approach to simplify the builds as determined at the start
of the DEFIANT bus development process requires
however that the outer side of the avionics and radio
trays are simplified in terms of harness assembly. To be
able to build each individual subsystem and then bring
the trays together requires that the harnessing keeps the
components separate. Therefore, the harness will route
from components directly and to a bulkhead connector
in the tray. This approach is often called “point-topoint.” This means that each component can be built on
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the bench, integrated with its singular harness, and then
bolted to the tray, and lastly plug in the bulkhead
connector. This means that signals that travel between
the power system and all the other components in the
radio bay and avionics bays must route to a bulkhead on
the inside of the trays, called the interstitial side.

Specifically, the connections that must occur between
example Components A through D occur on the backside
of the tray (see Figure 15) where they can be mounted
and routed only once and then the components can be
added and removed from the front side whenever
required without difficulty.
Cardboard Initial Laydown
With the harness approach established, the author’s first
step was to print off paper two-dimensional, to-scale
copies of the tray and panel structure, mount them to
cardboard, build up mock components and begin
preliminary routing to determine the number, location
and size of bulkhead connectors. This exercise was
helpful in the preliminary stages of structural design but
is not true enough to the structure to be useful for the
iterations of detailed design. Figure 16 shows the first
attempt at routing the interstitial area harness in two
dimensions. To do so, the author cut out pieces of wire
specified to the draft schematic and attempted to lay
them on the cardboard in groupings to identify certain
routing trends which would allow specific signals to pass
through the same bulkhead.

Figure 14: Example of components, bulkhead
connectors into DEFIANT tray (outer side)

Upper Propulsion Bracket

Lower Propulsion Bracket

RTS bracket

Moreover, power is directly fed into the tray, through the
interstitial harness and then back out a bulkhead to the
outside of the trays to power components. While this is
indirect, it is the best approach for assembly. As an
example, see Figure 14 where components are mounted
with their harnesses to the DEFIANT tray outer surface
and the connectors connected to the bulkhead harness
already mounted.

Figure 16: Interstitial harness layout (-X tray) on
cardboard for bulkhead locations and initial routing
The other type of wire routing is coaxial cabling used for
radio frequency communications. While signal and
power can often require considerations for supporting
against strain relief, the major concerns for coaxial cable
are connector strain relief, the minimum bend radius, and
the length of cable as it affects signal noise. Figure 17
illustrates the author’s cardboard routing for the radio
bay in an example DEFIANT bus with four component
enclosures and their respective coaxial cables in black.
The principle is similar for coax but an exception is for
filters or other components which must connect to

Figure 15: Example DEFIANT inner tray
connecting Components A-D using Bulkheads A-D
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receivers/transmitters directly on the outside of the tray
before moving to the tray bulkhead and to respective
panel antennae. There are limitations to this method for
coaxial routing including the fact that the connectors are
not modelled.

High Fidelity 3D Print Routing
Once the location, size and type of connector was
determined, the next step was to plan the routing for the
harnessing. The bundle size was also unknown but
approximated at this point and so to best understand how
the wires would pass over structures, 3D printed mock
trays were used. These had two main purposes: to assess
all harness routing for lengths to be added to harness
schematics, and for use for manufacturing of the -X tray
interstitial harness. It became obvious that the harness
would be extremely difficult to manufacture with a
traditional schematic for issues with repeatability.
Specifically, the harness must be assembled in the
correct order or else it is possible it will not reach to all
the bulkhead locations (19 in this case) without straining
the wires.

Figure 17: Coaxial harness routing on cardboard for
radio bay (outside of +X tray)
In this case, SMA connectors are assumed in place and
they have very specific mating directions that cannot be
properly approximated in this manner. The best routing
is to be done using proper components where the SMA
connectors are mated directly. The harness stiffness can
be modelled using excess cable as well as the tie-down
locations.
Another important consideration for coaxial cabling
routing is that specific connections will have a certain
length requirement. For example, certain components
(receivers, transmitters etc.) will have full chain lengths
(from antenna to starting component) that must be a
multiple of the wavelength of the radio signal. This is
challenging when the system chain length starts on one
tray, passes to the –Z panel with one antenna, and then
must have the +Z chain pass through the interstitial space
and past the +Z tray to the +Z panel. These two chains
must be within a specific wavelength multiple to achieve
proper communications signal-to-noise ratio. Modelling
the chains in cardboard provided an idea of the length
multiple achievable for at least the –Z chain for the radio
subsystems.

Figure 18: Mockup of harness without connectors
As seen in Figure 18 the harness is laid down and
integrated into place. To do so initially, the author first
laid down all the wires at a sample length and taped the
flying leads in place and then the technicians added the
connectors to the end of each bundle of harness. This
ensure the technicians followed the proper order of the
wires. The next step was to add detail to the schematic
describing the order in which connectors were to be
populated on the jig. This allows the interstitial harness
to be developed in a repeatable, consistent manner
without wires laid out by the author each time.
Four harnesses were made with this process – one for the
“dirty sat”, and three for flight. Each harness had no
issues during integration relating to routing or mounting,
proving the usefulness of the process.

The signal harnesses in the radio bay are also shown to
be achieving the goal of connecting the component with
one harness directly to the tray on the outside surface,
leaving the inside to the complexity of the harness
connections.
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Part of this means practicing the routing of the harnesses
as described above. As seen in Figure 20, the harness is
much more tied down and the specific pathways of wires
are clear. This is due to highly repeatable construction
requirements for the interstitial harness as described in
the schematic. The tie-down locations including blue tie
wraps are shown as is white lacing cord.
The differences between the 3D printed structure and
dirty sat structure are minimal but notable. Specifically,
the dirty sat structure adds tie-down bars on the +Z side
of the tray that extend between the -X and +X trays to tie
the large bundles of harness. These, when used, allow the
routing to be very clear as there are four separate
harnesses crossing under the bars (three and the
interstitial harness shown above).
V.

FLIGHT MODEL INTEGRATION

With the lengths and routing determined through
prioritizing iteration and mechanical interfacing, the
interstitial flight harnesses were prepared to integrate on
the structure. Simultaneously, technicians were building
the other approximately 45 harness stubs designed for
this example spacecraft with notable consistency. Once
the harnesses are built, the first step is the safe-to-mate
test to ensure continuity and ensure the contacts are
properly seated in the connectors. The author was
responsible for the majority of STM for these flight and
non-flight harnesses, including GSE and dirty sat.

Figure 19: Interstitial harness on 3D printed jig
Figure 19 is the final product of the jig assembly process
where the technicians combine the physical aspect of the
jig to build the harness plus the details given in the
schematic.
Dirty Sat Routing
As a part of general microsatellite approach practices,
some missions choose to develop a “dirty sat”. This is a
mockup of the final satellite with the true structure,
assembly process and flight spare equipment. The goal
of this is generally to practice a full build of the
spacecraft and to do testing on the mounted electronic
components.

With that, the harnesses are brought into the cleanroom
for the power safe-to-mate. This is a test run on each full
end-to-end DEFIANT harness with a power system
attached to ensure that each bulkhead is receiving the
specified amount of power and polarity to the correct
pins. Figure 21 below shows the power safe-to-mate
(PSTM) in progress on one full harness. The length of
harness and number of bulkheads should be compared
directly to the harness from Figure 6 to show the
fundamental differences in modularity.

Tiedown
bars

Figure 20: Interstitial harness routing on Dirty Sat

Figure 21: DEFIANT harness during power STM

Gwozdecky
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Shielding
With the PSTM complete, the harness is now mounted
to the structure. Specifically, the harness is mounted to
the trays and panels, components are added, and then the
tray stack is integrated.
To follow the development of the interstitial tray, the
goal of the flight mounting was to determine the minutia
for the harness routing, assembly and securing methods.
This meant ensuring the assembly procedure properly
reflected each tie-down point to be secured in advance,
what feedthroughs must be inserted and then pinned into
connectors after the first harness build, and more.
The radio bay was built using a similar principle of
testing the lengths on the dirty sat, iterating as required
and then using those lengths for flight. Figure 22 shows
the results of the increased fidelity work throughout the
design process on the final flight structure. In this image
the radio bay is not flight ready as no panels are mounted,
leaving some harnesses unsecured in select areas. At this
stage however, there are no more outstanding harness
unknowns.

Figure 23: Flight interstitial harness tied down
The harnesses on dirty sat and flight structures look very
similar in terms of routing as the differences between
them are mainly in the harness. The dirty sat had a few
locations where the harness, once mounted, was a bit too
long to secure, or a bit too short and tugged on the
contacts in the connectors. The author addressed these
comments before the flight builds in each case.

Figure 22: Radio bay flight structure with
integrated components and coaxial cables
The structural characteristics of the radio bay have
changed significantly since Figure 17, impacting the
location of specific components. With this however, the
coax routing practiced still proved useful as it gave ideas
to tie-down locations and coaxial cable lengths.
Figure 24: DEFIANT bus flight build of interstitial
harness with other components mounted

The tie-down bars in Figure 23 are hidden but the blue
tie wraps are visible and collinear which shows the
location of the tie-down bars. The space under the +Z
tray is now much clearer with these in place, and the
harness with shielding can be secured on its own.

Gwozdecky

The only difference between Figure 24 and Figure 23 is
that the former contains spacecraft components mounted
to the tray for visualization of the complexity of routing
around these components. The harness can traverse the
small channels in the tray between components and is
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well tied-down and accessible for rework as required.
The work involved in developing these harnesses proved
essential in allowing the DEFIANT bus to be as modular
as possible.

development phase, enabling the flight harnesses to be
as repeatable and optimized as possible.
This harness is robust, reliable and forward-thinking –
features all spacecraft and engineering teams must have
to ensure success in the future of constellation missions.

The author assembled a significant proportion of these
DEFIANT spacecraft and was responsible for assembly
and routing for builds of all major subsystems.
VI.

VII.

The author’s opportunity to work with cutting edge
technology that will advance the global perception of
microspace is a powerful and unforgettable experience.
Improved accessibility of space is the future for
academia and industry and working on the DEFIANT
bus missions is a direct connection to that future. The
author would like to thank the team that developed the
DEFIANT bus including but not limited to Bryan
Johnston-Lemke, Monica Chaumont, Braden Hommy,
Benoit Larouche and Mihail Barbu. The mentorship
from these individuals is second-to-none and without
whom this work would not be possible.

CONCLUSION

Small satellite constellations are the key to developing
accessibility to space for academia, industry and the
public. They will enable greater cost reduction, product
innovation and condition launch providers to develop
infrastructure to support fast, affordable, low-risk
launches. To be able to establish constellations, the
microspace approach adopts the principles of reducing
risk through using components with space heritage,
developing consistent, modular structures that can be
reused as much as possible, and recognizing the
possibilities associated with low-risk, high return
business strategy.

VIII.

The wiring harness is a critical component of the
spacecraft design and with its inherent complexity, begs
for redesign to appropriately address the microspace
issues upcoming for high production quantities.
Typically, wiring harnesses are left to the end of the
design phase and forced to accommodate all structural,
thermal and systems-based requirements rather than
having an active contribution throughout the process.
This means the harness is often overly complex and often
gets redesigned before each new mission, even on the
same type of bus.
The principles outlined in this paper enabled the
development of a highly modular, adjustable, easy to
assemble and rework wiring harness that can
accommodate many different payloads and components.
Recognizing the new DEFIANT bus has the capability
to support many new missions, the author used the
methodology of iteration and non-recurring engineering
to find the right connectors, the right locations, and the
ideal routing. The author worked from trade studies
about connectors to cardboard routing and to 3D printing
harness assembling jigs, the result is a modular wiring
harness that is easy to assemble, disassemble, repair and
troubleshoot.
The focus on a specific harness, the interstitial bay
harness, enables a clear understanding of the reasoning
behind each type of prototyping performed as part of the
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