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OVERVIEW

Traditional Systems 

Engineering

Systems Safety 

Engineering

System Safety Assessments

FMECAs

FTAs

Hazard Analyses

• How Systems Safety Analysis can be successful using MBSE 

to implement DoD Digital Engineering (DE) Strategies

• Improving how we document system safety information by 

bridging the gap between Traditional Systems Engineering and 

Systems Safety Engineering

• How to utilize MBSE to capture MIL-STD-882 artifacts
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WHAT IS MBSE?

Digital Engineering (DE) is the use of digital artifacts, digital environment, and digital tools in 

the performance of engineering functions.

Model-Based Engineering (MBE) is an approach to engineering that uses models as an 

integral part of the technical baseline that includes the requirements, analysis, design, and 

verification of a capability, system or product throughout the acquisition lifecycle.  

“All of this is 

information 

related to 

the system”
MBSE

Electrical 

Engineer/Mechanical 

Engineer

Software Engineer
Software Engineer

Project Manager

Systems Engineer

Systems Administrator
Production Engineer

System Safety  

Engineer

System Safety 

Analysis

MBSE is a critical incorporation within Digital Engineering
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Information-Model Repository
MBSE System Model

MBSE System Information Views

– Behavior
• Mission and Stakeholder Requirements

• System Functional Architecture

• System States and Modes

• Functional Allocations

– Structure
• System Logical and Physical Architectures

• External and Internal Interfaces and Definitions

– Requirements
• System Requirements Definition

• System Traceability Matrices

• Verification Requirements

– Parametrics
• Trade studies

• Performance and design analysis calculations

SRD

CDD

SDD

ICD

ConOps

Test
Cases

Review
Package

Analysis
Reports

MIL-STD-882 Artifacts

Safety 
Reports

Hazard 
Analysis 
Reports

FMECA/
FTA

Developed 

using tools 

that support 

Systems 

Modeling 

Language 

(SysML)

The MBSE 

System Model is 

the Authoritative 

Source of Truth



UNCLASSIFIED

UNCLASSIFIED

5

SYSTEMS AND SYSTEMS SAFETY ENGINEERING

Systems Engineer

I need my 

required 

system 

properties to 

include….

1. How my system interacts with 

its interfaces

2. The CONOPS and 

functionality of my system 

3. The performance of my 

system

4. System Requirements

5. The system dependability 

constraints such as Safety, 

Reliability, and Security

1. FMECA/FTA Modeling

2. Safety/RAM Requirements

3. Safety Design Analysis

4. Safety Reviews of Work 

Products

5. Safety Verification and 

Validation

6. MIL-STD-882 Practices

System Safety Engineer

I need to make 

sure I’m 

overseeing the 

following…..

SE V-Model (MBSE) SE V-Model (Safety)

FMECA/FTA Analysis

Safety Requirements

Safety Architecture

Safety Design 

Assessment

Safety V&V 

Integrated Safety 

Testing/Analysis

Safety 

Testing/Analysis

Primary 

Focus
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MIL-STD-882 REPRESENTATION IN MBSE MODEL

Safety SysML Profile

MIL-STD-882 Tasks (System Safety Standard Practices)

– 100 Level Tasks (Management)

• Hazard Management Plans

• Hazard Management Progress Reporting

• System Safety Plans

– 200 Level Tasks (Analysis)

• Hazard Analyses (FMECAs, FTAs, RAM Analysis)

• Hazard Lists 

• System Safety Requirements Analysis

– 300 Level Tasks (Evaluation)

• Safety Reports (Safety Assessment Reports (SAR))

– 400 Level Tasks (Verification)

• Safety Verification (Test/Analysis Events)
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SYSTEM SAFETY SYSTEMS MODELING (SYSML) PROFILES

SysML Profiles

– Cameo Safety and Reliability 

Analyzer Profile

– Risk Analysis and Assessment 

Modeling Language (RAAML)
• Object Management Group (OMG) 

developed

• Published March 2022

– Customizable Profiles based on 

Government-Furnished 

documentation (Profile Extension)
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MBSE MIL-STD-882 100 LEVEL TASK EXAMPLE

MIL-STD-882 100 Level Tasks

– Hazard Risk Assessment (HRA) 

Process

• What processes are in my Hazardous 

Management Plan

• How government and contractors support 

the HRA process

– PDR Preliminary Hazard 

Assessment (PHA) Process

• What do I need for safety-related PDR 

artifacts

• What steps do I perform to implement 

MIL-STD-882 Tasks

• System Safety Requirements Analysis

PDR Preliminary Hazard 

Assessment (PHA) ProcessHazard Risk Assessment Process
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MBSE MIL-STD-882 200 LEVEL TASK EXAMPLE (1 OF 3)

MIL-STD-882 200 Level Tasks

– Hazard Analysis

• Event Tree/Sequence Diagram

• Fault Tree Analysis (FTA)

• We have tools that do this already

– MBSE Integration opportunity between MBSE System Model and current hazard analysis tools

– Where can we establish tool integration touch points between digital model elements

Existing Safety Analysis Tools

MBSE Integration
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MBSE MIL-STD-882 200 LEVEL TASK EXAMPLE (2 OF 3)

Example FTA

MIL-STD-882 200 Level Tasks

– Hazard Identification and tracking

– Identify failure modes within FTA

– Categorization of Failure Modes
• Risk Assessments

• DAL Assessments

– Safety requirement effectivity to FTA/FMECAs

– System Architecture fault allocations

System 

Logical/Physical 

Architecture

System Safety 

Process

System Logical/Physical Architectures goes hand-in-hand with system safety 

processes.

MBSE Structure Diagram
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MBSE MIL-STD-882 200 LEVEL TASK EXAMPLE (3 OF 3)

Mitigation Requirements (Functional):

When an error is detected during an engine BIT during hover, 

the system shall perform a system override.

MBSE Behavior Diagram

MIL-STD-882 200 Level Tasks

– Mitigation Requirements Analysis

• Analyzing functionality of the system to 

determine potential failure causes that contribute 

to hazards

• MBSE provides the capability to support “identify 

mitigation requirements” within the documented 

PDR PHA Process

System 

Functional 

Architecture

System Safety 

Process

System Functional Architecture goes hand-in-hand with system safety processes
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EXAMPLE AIRCRAFT FHA MODEL TRACE TABLE

Aircraft FHA Function Trace Table

– Traceable Safety attributes 

✓ Aircraft Mission Critical Functions

✓ Failure Modes 

✓ FTA Events

✓ System Allocations

✓ System Functions

✓ System Requirements

✓ Safety Requirements

✓ System Architecture

Responsibility

Trace

Safety Requirements

Derive

System Allocation

Allocate

System Function

Usage

Allocate

Refine

Trace

Containment

Component

Allocate

System Req’ts

Refined by

Trace To

Example System Safety Profile in SysML

MBSE enables dynamic change propagation rather than manual.



UNCLASSIFIED

UNCLASSIFIED

13

MBSE MIL-STD-882 300 LEVEL TASK EXAMPLE

MBSE enables auto-generated documentation from model data.

MIL-STD-882 300 Level Tasks

– Generate model integrated data into safety assessment reports (PASAs, PSSAs)

– Base generated documentation on templates 

Preliminary Aircraft 

Safety Assessment 

(PASA) Auto-generated
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RELIABILITY PARAMETRIC ANALYSIS

• MBSE Parametric Views

– Define System of Interest (SOI) 

mathematical constraints

– Contain

• Constraint block – Mathematical equations for 

reliability calculations

• Constraint Parameters – used for calculating 

the equation

• Value Properties – Represent model elements 

value (calculated or pre-defined)

• Binding Connector – Links Constraint 

Parameters to Value Properties

– Works in conjunction with an analysis 

context (Structure)

– Supports MATLAB Integration
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SUMMARY

Traditional Systems 

Engineering

Systems Safety 

Engineering

System Safety Assessments

FMECAs

FTAs

Hazard Analyses

• Successful robust System Safety Analysis requires the 

implementation of DoD Digital Engineering strategies using 

MBSE

• Bridging the gap between Traditional Systems Engineering and 

System Safety Engineering improves how we document 

system information

• MBSE provides the mechanism to produce MIL-STD-882 

artifacts from a systems model
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Web Site

www.avmc.army.mil

Facebook

www.facebook.com/ccdc.avm

Instagram

www.instagram.com/CCDC_AVM

Twitter

@CCDC_AVM

Public Affairs

usarmy.redstone.ccdc-avmc.mbx.pao@mail.mil


