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Webinar Overview 

This webinar will cover Systems 
Assembly, Integration and Test, and
Spacecraft Handling as they relate to a
small spacecraft project. 

– What are the elements of system
assembly, Integration and Test, and
Spacecraft Handling?

– What are the various steps involved
for each?

– Why is it important to a space
mission?

This webinar w ill  
consist  of  examples 
of  NASA  based A I&T  

activities 
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and Sntional Aero
pace Admini

Small spacecraft assembly, integration and test (AI&T) is a complex phase for small spacecraft with
many different procedures, dependencies, operations, and tests occurring in parallel. Ensuring
compliance with mission and science requirements, NASA utilizes best practices to implement

planning, scheduling, and management of the small spacecraft AI&T flow. 

• Update documents developed and baselined in previous phases
• Monitor project progress against plans
• Identify and update risks
• Integrate/assemble components according to the integration plans
• Perform verification and validation on assemblies according to the V&V Plan and

procedures
• Prepare and baseline relevant documentation
• Document lessons learned. Perform required Phase D technical activities from NPR

7120
• Satisfy Phase D reviews’ entrance/success criteria from NPR 7123

National Aeronautics and Space Administration 3 
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System assembly is a common element
of numerous manufacturing and
development industries and helps us: 

• Put together various components
to make a complete system

• Fully understand how each
component plays a vital role in the
finished product

Spacecraft systems and components 
are often obtained from external 
vendors and internal organizations all of
which should be assembled in a clear-
cut, efficient, and cost-effective manner. 
National Aeronautics and Space Administration 4 



  

    

   
   

   
  
  

NASA  PROJECT  LIFE  CYCLE 

At NASA, projects 
and missions are 

managed around an 
established phased 

development process. 

National Aeronautics and Space Administration 5 
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• Phase D – System Assembly, Integration & Test,
Launch & Checkout

• To assemble and integrate the system (hardware,
software, and humans), meanwhile developing
confidence that it is able to meet the system
requirements. Launch and prepare for operations.
Perform system end product implementation,
assembly, integration and test, and transition to
use.

• Key Reviews:
• Test Readiness Reviews (TRRs)
• System Acceptance Review (SAR) or pre-Ship

Review
• Operational Readiness Review (ORR)

National Aeronautics and Space Administration 6 
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Spacecraft 

Propulsion 

Structures 

Power 

Thermal 

Payload 

Avionics 

GNC 

Platforms 



  

    

         
           

            
         

SYSTEM INTEGRATION  REVIEW  (SIR) 

SIR is conducted prior to proceeding to the Assembly, Integration & Test 
Phase. This is done to ensure all spacecraft components and subsystem 
are available, all test plans and records are prepared, all personnel are 
available and trained, all assembly and test facilities are ready. 

National Aeronautics and Space Administration 8 



  

    

SPACECRAFT  SYSTEM &  SUBSYSTEM ELEMENTS 
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Planning and managing several
resources are key to successful small
spacecraft AIT efforts 

• Facilities
• Personnel
• Ground Support Equipment

Requirements mapping for qualification
tests along with verification and
validation functions are also important 
planning elements. CAPSTONE spacecraft assembly 

National Aeronautics and Space Administration 10 
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Integration and T est  Roles and Re sponsibilities Examples 

1. Systems
Engineers

4. Safety and
Mission

Assurance 

5. Facilities

6. Other
Support
Services

2. Subsystems
Engineers and

Technicians 

3.Test
Conductors 

1. Develop verification requirements,
integrated test plans and procedures

2. Develop/deliver subsystem
assemblies, subsystem I&T plans and
procedures

3. Develop ground system displays and
scripts for S/C control & monitoring

4. Provides safety and quality control
oversight, problem/failure tracking

5. Make available facilities and
infrastructure (e.g., cranes, power)
required for I&T

6. Configuration management for
documentation approvals and support
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• I&T manager and engineers
• Systems engineers
• Subsystem/discipline engineers and technicians

• Command and data handling
• Electrical/power
• Mechanical
• Thermal
• Propulsion
• Optics
• Instruments

• Test conductors 
• Safety and mission assurance
• Facilities
• Configuration management
• Shipping, logistics

National Aeronautics and Space Administration 12 
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• Elements for handling fully assembled
spacecraft during preparation for flight.

• Personal Protection Equipment
• Electrostatic Discharge (ESD) straps
• ESD clothing
• Hairnets, ESD booties, gloves

• Facilities
• Controlled access spaceflight rated clean

rooms
• Benches/tables with ESD mats
• Grounding straps
• ESD rated flooring

• Spacecraft Handling Fixtures
• Fixtures aid in handling of spacecraft to

protect critical components such as solar
cells, etc.

National Aeronautics and Space Administration 13 
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The physical hardware that attaches a small The purpose of testing is to test philosophy for 
spacecraft and keeps it insulated from a rocket the environmental and other testing that is 
body include deployers, adapters, dispensers, performed at higher-than-normal levels to 
and launchers. The hardware ejects the ascertain margins and performance in worst-
spacecraft safely into orbit. case scenarios. 

Image Credit: NASA / Robert Markowitz Image Credit: Massachusetts Institute of Technology 
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Integration Elements: 

• Dispenser Integration
(different types):
• CubeSat Dispensers
• Separation Systems
• Secondary Payload

Adapters
• Mass, volume and other

performance margins
• Integration of electrical and

mechanical subsystem
elements

Types of Testing: 

• Inspection
• Mass Properties
• Static Load Test
• Shock and Vibration
• Thermal Cycling
• Thermal Balance
• Thermal Vacuum

National Aeronautics and Space Administration 15 
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Various Integration Phases of a Spacecraft 

National Aeronautics and Space Administration 16 
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• Purpose
• Ensure I&T approach and task are defined
• Allow for required reviews and approval by stakeholders
• Ensure adequate resources to completed the associated tasks

• Plans (Examples)
• Integration and Test
• Contamination Control

• Procedures (Examples)
• Subsystem Integration
• Thermal Vacuum Test

• Procedures should cover and hazards
• Identify hazards, safety approvals

• Review, Approve, Release
• Allow for sufficient time to perform required reviews and edit
• Allow for adequate time for the team to become familiar and complete

preparations
National Aeronautics and Space Administration 17 
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TEST READINESS  REVIEW 

National Aeronautics and S 

Test Readiness Review (TRR) 

• TRRs are conducted to
ensure test plans have been
prepared and teams are
ready to conduct the test.

18 



  

    

EXAMPLE OF  COMPONENT  SUBSYSTEM  LEVEL  TESTS 
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EXAMPLE SUBSYSTEM  INTEGRATION  &  TEST  FLOW 
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FUNCTIONAL  AND  COMPREHENSIVE  TESTING  OF FULLY  INTEGRATED   
SPACECRAFT 

Components & subsystems are tested then integration process leading to a 
fully assembled spacecraft which is then tested for final launch preparation. 

National Aeronautics and Space Administration 21 



  

    

EXAMPLE SPACECRAFT  BUS  INTEGRATION  &  TEST  FLOW 
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and ENVIRONMENTAL  TESTING  OF  FULLY  INTEGRATED  SPACECRAFT

ENVIROMENTAL TEST 
Tests to verify spacecraft will survive 
The launch and space environment 

During environmental test, functional 
test are performed to ensure 

spacecraft is still functioning as 
desired. 

Example of test profiles for space 
systems. 

National Aeronautics and Space Administration 23 



  

    

          

THERMAL  VACUUM  ENVIRONMENTAL  TESTS 

TVAC Tests to ensure the spacecraft can withstand the thermal environment of space. 

National Aeronautics and Space Administration 24 



  

    

   

VIBRATION  ENVIRONMENTAL  TEST 

VIBRATION TEST TO ENSURE 
SPACECRAFT SURVIVE LAUNCH LOADS 

National Aeronautics and Space Administration 25 
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Questions?

www.nasa.gov/smallsat-institute/ 

www.nasa.gov/smallsat-institute
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Upcoming  Webinar:  Introduction  to  the  NASA  Small Spacecraft  National 

Systems Virtual In stitute  (S3VI) 
and Space Ad

This webinar will focus on discussions 
and demonstrations of the S3VI tools; 
other webinar opportunities; and
databases that could include: 

– Small Satellite Reliability Initiative
(SSRI) Knowledge Base Tool

– Community of Practice (CoP)
Webinar Series

– Mission Design Tools
– Small Spacecraft Information Search
– State-of-the-Art (SoA) Small

Spacecraft Report

Purpose
To  provide  attendees with  information  
and  knowledge  of  available  resources 
and  where  to  find  them  to  support  the  
design  and  development  of  their  own  

small sa tellite  missions.  
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NASA Procedural Requirements 7123.1D, Systems Engineering Processes and Requirements,
Expiration Date: July 05, 2028
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7123&s=1B 

NASA Procedural Requirements 7120.8A, NASA Research and Technology Program and
Project Management Requirements, Expiration Date: September 14, 2028
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=8A 

NASA Procedural Requirements 7120.5F, NASA Space Flight Program and Project
Management Requirements, Expiration Date: August 3, 2026
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5E

NASA SP-2016-6105 Rev2, NASA Systems Engineering Handbook
https://lws.larc.nasa.gov/vfmo/pdf_files/[NASA-SP-2016-6105_Rev2_]nasa_systems_engineering_handbook_0.pdf 

https://www.nasa.gov/reference/appendix-c-how-to-write-a-good-requirement/ 
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https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7123&s=1B
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=5E
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https://lws.larc.nasa.gov/vfmo/pdf_files/[NASA-SP-2016-6105_Rev2_]nasa_systems_engineering_handbook_0.pdf
https://nodis3.gsfc.nasa.gov/displayDir.cfm?t=NPR&c=7120&s=8A
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Definitions 

• NASA Procedural Requirements (NPR) 7120.5: NASA Spaceflight Program
and Project Management Requirements
– Establishes the requirements that NASA formulates and implements

space flight programs and projects
• NASA Procedural Requirements (NPR) 7120.8: NASA Research and

Technology Program and Project Management Requirements
– Research and Technology typically using ground systems or sub-orbital

vehicles, aircraft, sounding rockets, and balloons)
– More recently CubeSats, SmallSats, ISS payloads have been included
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