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Executive Summary

The Crusader weapon system development approach follows a streamlined acquisition strategy that emphasizes a number of “flagship” initiatives such as Integrated Product Teams (IPTs), flexible program phasing, and Simulation Based Acquisition (SBA) to control schedule, cost, and risk.  Principal among these initiatives is the SBA approach.   This approach assumes the use of modeling and simulation (M&S) as a fundamental element of all aspects of Crusader development, from requirements generation and trade-off analyses to design engineering, test and evaluation, development of operational doctrine, and ultimately to development of efficient training systems and system models that can be upgraded to support operations and modifications across the program’s life cycle.  The Crusader strategy strives to fully leverage M&S to achieve efficiencies in schedule and assets and reduce technical development and performance risks.  At the same time, the strategy strives to maximize the efficiency with which the M&S tools, techniques, and platforms are applied and shared across program functional areas and development elements, and reused across program phases.

In order to implement the SBA approach fully, the Crusader program has initiated a System Simulation Development (SSD) process that provides for early, evolutionary, and iterative design and integration, coupled with the use of contractor or government constructive and virtual models to ensure that design evolution is driven by, and consistent with, appropriate performance/cost trade-offs and evolving operational doctrine.  It has also initiated a simulation support coordination process to encourage interaction and leveraging of M&S-related expertise and assets between the developer and other government organizations.

Early M&S-based design reduces timelines and cost by allowing logical errors and requirements ambiguities or conflicts to be caught before the design is implemented and tested.  As simulations and design mature, the modeling allows greater flexibility to optimize and refine designs while minimizing reliance on costly hardware-in-the-loop processes.  Early design models and simulations evolve into products used during the integration process, and eventually into an integrated life-cycle model that supports the program as Crusader matures.

As models and simulations are accredited, they will be used to augment the test and evaluation process.  M&S will aid in the creation of realistic test scenarios.  Environments planned to be used in testing will be used in simulations first to verify that the planned test conditions and environmental states can be met with sufficient realism, and within the bounds of safe operating conditions; consequently, the potential for unexpected and dangerous test outcomes will be reduced.  It is expected that leveraging M&S will ultimately result in reduced field test assets, resources, test iterations, and overall duration of testing.  Using M&S will allow evaluation of conditions for which tests may be difficult, if not impossible, to run due to limited test resources, environmental restrictions, and possible safety or loss-of-asset issues.  M&S also extends what is known about the performance of the system beyond strictly defined test scenarios into areas where it may be impractical to test or demonstrate system performance.

M&S are also crucial to the development and refinement of combat development issues such as Tactics, Techniques, and Procedures (TTP’s) and for the design and development of trainers.  The U.S. Army Training and Doctrine Command System Manager, Cannon and the Depth and Simultaneous Attack (D&SA) Battle Lab are teaming to provide simulation capabilities to support development and training of Crusader.  The process requires constructive simulations and virtual simulator drivers along with live soldier interaction to provide testing capabilities on a synthetic battlefield. The interaction is transparent to the soldier, allowing realistic assessment of techniques employed, and a subsequent capability for virtual training.
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Figure 1: Crusader Acquisition Strategy

An overview of functional area M&S activities supporting the acquisition strategy is shown in Figure 1.  The heavy reliance that the Crusader development process places on efficient and effective use of M&S across functional areas requires a parallel process that ensures adequate attention is given to the validity of the tools being utilized.  PM Crusader is establishing a validation management process to provide early identification of model validation issues and required actions to ensure that all models are appropriate for their use within the Crusader development life cycle.
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I.
PURPOSE


The purpose of the Simulation Support Plan (SSP) is to outline the major Modeling and Simulation (M&S) activities that are supporting or will support the development, acquisition, and fielding of the Crusader advanced field artillery system.  These activities include development and use of M&S that will  affect decisions in the acquisition process.  The acquisition strategy for the Crusader system allows the prime contractor, United Defense, Limited Partnership (UDLP) to choose actual M&S implementations for the system development.  This plan identifies the UDLP approach, and identifies a process by which the Office of the Program Manager (OPM) and other government agencies are able to influence, subject to contractual constraints, the planning and utilization of Crusader M&S capabilities.  It also identifies a process by which the contractor personnel can interact with the government to obtain and utilize existing M&S tools in lieu of developing their own from scratch.  The plan identifies M&S that the government will perform independent of the contractor, but emphasizes ways in which the government can capitalize on contractor efforts to maximize the utility of its activities.  The plan places emphasis on activities leading to the milestone II (MSII) decision to enter the Engineering and Manufacturing Development (EMD) phase, and describes continuation of the M&S approach throughout the program’s acquisition cycle.  The SSP is considered by OPM Crusader to be a living management tool that both articulates the overall M&S strategy and serves to foster interaction between the contractor, OPM, and other government agencies via a System Simulation Coordination Group (SSCG).  The SSCG handles issues related to actual tool utilization, and verification, validation, and accreditation (VV&A).  As the program progresses, the SSCG will serve as a filter to ensure that external developing capabilities are appropriately considered for implementation to support the Crusader program.

II.
SYSTEM DESCRIPTION


The Crusader system will consist of a Self-Propelled Howitzer (SPH) and a Resupply Vehicle (RSV), which operate as a pair.  The SPH will operate over a wide footprint and is capable of performing its own technical and tactical fire control.  The RSV, independent of the SPH, will obtain ammunition stocks and then locate and couple with the SPH for resupply.  The SPH will not fire while mated to the RSV.  The two vehicles will complement each other with mutually supporting automated processes and equipment.  Resupply of the SPH from the RSV will include automated transfer of fuzed projectiles and propellant.


The SPH primary armament subsystem will consist of the 155mm Advanced Solid Propellant gun and Modular Ammunition Charge System (MACS) propellant, an automated gun positioning system, and an automated ammunition handling system.  The SPH will achieve extended ranges beyond 30 km (40 km desired) unassisted and 40 km (50 km desired) assisted and will accommodate all current and developmental standard-size projectiles up to 1 m in length.  It will also have multiple round simultaneous impact (MRSI) capabilities.  Embedded technical and tactical fire control capabilities provided by the SPH will enable more effective employment.  The SPH will interface with fire support digital communication systems and respond to calls for fire.  It will interface with the Advanced Field Artillery Tactical Data System (AFATDS).  The SPH will have an increased capability in vehicle control and locomotion and will have sufficient mobility to keep up with the supported maneuver forces.  Navigation aids will assist the crew in planning moves and in navigating from one location to the next.  The system will employ advanced automotive technologies to meet prescribed mobility requirements.  Vetronics will be allocated to the appropriate hardware systems and subsystems in the vehicle.  The crew compartment will have communications, displays, and controls for all functions.

The RSV will be a self-propelled vehicle designed to support the SPH on the battlefield.  The RSV and the SPH will share a chassis with common components.  Commonality between the two vehicles will be designed to the maximum extent practicable, in accordance with cost effectiveness.  The RSV system can be described as having a chassis or mobility platform; a crew cab or compartment; and a compartmentalized payload or mission compartment containing the ammunition, MACS propellant, and resupply handling and transfer equipment.  Vetronics will be allocated to the appropriate hardware systems and subsystems in the vehicle.  The crew compartment, compartmentalized from the ammunition and propellant, will have communications, displays and controls for all functions.  The RSV will be able to communicate with the SPH, Platoon Operations Center (POC), and organic battalion operational or logistics elements to exchange information and receive mission orders.

III.
PROGRAM ACQUISITION STRATEGY

The Crusader program is following a novel acquisition path that is possible to a large degree because of the continuous, iterative, design capability the M&S enables.  As depicted in Figure 2, system development follows a single, continuous, objective path in place of the traditional Demonstration and Validation (Dem/Val) phase followed by EMD.  A significant advantage of the single path approach is its provision for concurrent and iterative development without the inefficiencies associated with ramping down to the MSII decision and the follow-on ramp-up into EMD.  The single path incorporates within it an early emphasis on component maturation and simulation, with iterative integration steps that lead to prototype simulation, design, fabrication and test, and eventual transition to full objective system simulation, development, and production. The strategy follows a design - model - test - verify approach that places heavy emphasis on M&S development and use of the System Integration Facility (SIF) to conduct rapid prototyping of both hardware and software.  Prior to MS II, emphasis on program definition and risk reduction (PDRR) activities drives known risk areas down in part by extensive use of M&S. 

Crusader program philosophy is to take full advantage of the DoD 5000.2-R authorization allowing the milestone decision authority to “tailor the procedures as they see fit”.  The acquisition phases, timing, and scope of decision reviews will be tailored to minimize time required to achieve first unit equipped (FUE), and concurrently, to minimize perturbations in the actual Crusader development process. 
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Figure 2: Crusader Development Strategy

Consistent with this philosophy, Crusader has planned a phased MSII in which limited funding is provided at the first decision point (Sep 2000) to begin a limited build of EMD prototypes, with a follow-on decision to award the remainder of the EMD contract when Early User Tests (EUT), MSII assessments, and documentation are finalized (Apr 2001).  This approach minimizes customer risk while maintaining concurrent design and evaluation activities that will keep the schedule for FUE on track.

IV.
PROGRAM SIMULATION APPROACH/STRATEGY

The Crusader M&S strategy calls for utilizing M&S in every phase of the program development to minimize schedules associated with design, hardware integration, and test; minimize technical, cost, and schedule risks; and maximize total system performance and utility to the twenty first century force structure.  The Crusader M&S strategy has been designed into the program acquisition strategy.  Rather than look to M&S as a means to help bring efficiencies to a conventional development strategy that emphasizes iterating hardware development through increasingly stringent testing (design/ build/ test/ redesign/ build/ test...), the Crusader program plan calls for considerable reliance on M&S throughout every phase of the program development to achieve true simulation-based development.  That is, the schedule is not being shortened by finding M&S-based efficiencies to apply. Rather, the schedule is planned up front to be significantly shorter than conventional development would dictate by anticipating efficiencies that M&S make possible.

The approach emphasizes implementation of information technology into all aspects of design and development.  In addition to heavy reliance on M&S, information management and analysis tools and engineering design tools will be heavily leveraged to optimize breadth and efficiency of communications within and between the design teams, and to streamline the M&S and engineering development process.  For example, common databases housing information such as requirements traceability, current risk assessments and mitigation plans, schedules, and test and evaluation planning and results will be continually updated and readily accessible via a common interactive information storehouse called Contractor Integrated Technical Information System (CITIS).

The advent of computer-aided software engineering (CASE) has allowed the Crusader M&S developers to rely on new techniques using CASE tools to develop simulations with relative ease rather than with the labor intensive analysis, design, and coding processes previously relied upon.  Full advantage will also be taken of high performance computing technology that allows simulations to be run in real time, enabling the simulations to accurately and realistically emulate real systems.  The Crusader program makes use of the MatrixX System Build CASE tool.

The use of M&S tools to support the highly complex integration of the total Crusader system requires implementation of a system simulation development (SSD) process controlled within UDLP that provides for early, evolutionary, and iterative design and integration, coupled with the use of contractor or government constructive and virtual models to ensure that design evolution is driven by, and consistent with, appropriate performance/cost trade-offs and evolving operational doctrine.

The SSD process will be prioritized up front to support the engineering development process.  M&S tools developed to support subsystem development will be utilized to assist in test planning and the evaluation and verification of requirements. As these tools are integrated into system-level simulation assets, they will be used to portray full system functionality, which can be used to help refine combat development issues via refinement of Operational Doctrine and Tactics, Techniques, and Procedures (TTPs) and provide training.

As represented in Figure 3, a primary goal in the development and utilization of M&S for Crusader is to maximize the commonality of tools and the common usage of tools across all functional areas.  For example, Crew Modules are developed early in the engineering design process, and when integrated with expected system functional responses, they will support test planning and requirement verification evaluation.

Since the crew stations will be compliant with distributed interactive simulations (DIS), they will also be used to provide man-in-the-loop real time virtual simulation.  The crew stations will also be used in conjunction with the JANUS model the Target Acquisition Fire Support Model (TAFSM), the Modular Semi Automated Forces (MODSAF) models and the Close Combat Tactical Trainer (CCTT) to support evaluation and refinement of TTP’s, and they will provide real-time training capability.  The crew station and embedded trainers are being developed with the intent to be HLA compliant also.  

The SSD process implemented by Team Crusader provides for iterative design and integration spanning the total life cycle of system development.  The process is made up of basic building blocks consisting of: support models including static solid models, dynamic solid models, functional models, force effectiveness models, and production planning models, as well as integration support models including the dynamic object models (DOM); visual prototype; and simulators, emulators, and stimulators (SES).  A common simulation framework (CSF) is utilized across the entire development team to provide a development environment that ensures the integrity and compatibility of M&S.  The process establishes a single design and development path to support integration, ultimately leading to a single system-level emulation known as the Integrated Crusader Emulator (ICE).
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Figure 3: Utilization of M&S Tools Across Functional Areas

IV.A.  M&S Support to Engineering Design

 The SSD process has its initial impact on the design engineering process.  It covers an extensive range of simulations spanning from rapid prototyping to integration support models.  The development path starts at the requirements and concept stage using functional and object models and evolves into a set of software objects, hardware components, and simulations that when integrated become the ICE.

Performing M&S early in the design cycle reduces timelines and cost by allowing logical errors and requirements ambiguities or conflicts to be caught before the design is implemented and tested.  These expected efficiencies provide the rationale for using solid modeling for mechanical design and object modeling for software design.  A system-level solid model provides insight into how a system will fit together, while the system-level object model describes how system software will interact.  As simulations and design mature, the modeling allows greater flexibility to optimize and refine designs while minimizing reliance on costly hardware-in-the-loop processes.

The SSD process tracks the traditional stages of development as they progress from requirements analysis to concept development, through preliminary and detailed design, to fabrication, integration, test, and checkout.  Modeling activities parallel these design activities in order to gain efficiencies at every step.  Early design models and simulations evolve into products used during the integration process, and eventually into an integrated life-cycle model that supports the program as Crusader matures.  This evolutionary road map is shown in Figure 4. 
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Figure 4:  Simulation Development Evolution

The engineering development process requires activities that both directly and indirectly support system integration.  System modeling activities that indirectly support integration include static and dynamic solid modeling, functional modeling, effectiveness modeling, and servo modeling.

· Solid modeling is used to estimate space claims for physical partitioning and mechanical integration, resolve interference issues, and locate space for new equipment.  CAD/CAM master models, such as Pro-E, are upgraded as subsystems are developed and refined by periodically including higher fidelity CAD assembly and part models.  Dynamic solid models check for interference caused by mechanical motion.  Animation allows for iterating complex designs prior to committing to fabrication and assembly.

· Functional models examine functional elements such as thermal responses, gunfire dynamics, communication flow, etc., to establish expected system responses.

· Force and system-level effectiveness models indirectly support engineering design efforts by validating design requirements against performance in battlefield situations and by helping to trade design parameters based on prioritized performance outcomes.

· Servo modeling provides a basis for higher fidelity models.

Activities that directly support integration fall into two broad categories spanning the Crusader development life cycle: rapid prototyping models (Object Modeling and Visual Prototypes) and SES models.  Integration support models are accessed and managed via a CSF that provides the foundation for the Crusader M&S infrastructure.

Rapid Prototyping Models:

 The rapid prototyping process may be referred to as a “build-a-little, test-a-little” philosophy. M&S will be used as intermediate integration tools by taking the place of unavailable hardware and software.  Early models and simulations will migrate from workstations to benchtop electronics located in the Crusader SIF.  The CSF allows developers to evaluate models within either a workstation environment or the target electronics environment.  It provides an interface for correct input/output (I/O) functionality on workstations, which, in turn, allows preliminary unit tests to be accomplished at the workstation level.

· Object Modeling:  An object-oriented design model, or object architecture, provides a way to map the logical Crusader architecture to the physical Crusader architecture.  The DOM is a set of high level system simulations that captures sequencing, timing, and synchronization associated with the execution of Crusader functions.

· Visual Prototyping:  Computer imaging capabilities allow visualization to be implemented as a fundamental part of the design engineering process.  During concept and design phases, the use of visual feedback enables design alternatives to be rapidly explored.  It fosters identification of potential design problems, and serves to provide communication of total system design issues to subsystem and element designers to foster designing to the system rather than designing just to subsystem specifications.  Visual prototyping activities establish a set of common graphics and utilities to be used for out-the-window views, DIS capabilities, and animation of vehicle structures, and will directly support the development of a virtual crew station.

· Virtual Crew Station:  The virtual crew station is a reference model that provides man-in-the-loop simulation depicting how the crew interfaces with the Crusader vehicles.  With logical behavior provided by the DOM, the virtual crew station provides the Crusader program with a reference model that can be used to refine the functional design and development of the tactical crew station’s graphical user interface, onboard training capabilities, decision aids and procedures.  It will also serve to aid institutional training development, provide a platform for computer-based training, and support the SES process as a crew station stimulator.

SES Models:

Integration of the Crusader system employs an incremental philosophy that emphasizes the identification and resolution of equipment performance and interface difficulties as early as possible in order to mitigate program cost and schedule impacts downstream.  The SES process allows iterative derivation and integration of hardware, software, and simulations across the Crusader program.  The major SES terms are defined below.

· Target:  Hardware/Software that is ideally in full compliance with specifications and is designated for use in the end product, but, at a minimum, is at least a “benchtop” version.

· Simulation:  Simulation duplicates the functional characteristics of system hardware and software.  A simulator reproduces, under test conditions, results that are likely to occur during the actual operation of the target system.

· Emulation:  Emulation duplicates the behavior of electrical interfaces between subsystems.  This emulator duplicates the interfaces to Crusader Standard Electronics, focusing on physical subsystem behavior but not CPU functionality.

· Stimulation:  Interaction with functional and electrical interfaces to target hardware.  A stimulator to a given subsystem can be provided by a simulation of another subsystem.

As an example, a command, control, and communication (C3) simulation could provide the dynamic behaviors of C3 as a stimulant to an armament emulation.  The responses of the armament emulation can then be assessed for compliance with expected behavior, and in turn serve as a stimulant for other subsystem emulators.

The SES approach consists of three essential stages of development:

1. Mechanical, electrical, and software behavior are simulated through the use of dynamic models.

2. Hardware interfaces are emulated by dynamic models running on a real time i/o controller.

3. Target hardware replaces the simulations and emulations as it becomes available.

The SES process establishes a set of guideline characteristics to implement during detailed design.  It allows the transition of hardware and software from design to integration as quickly and cost-effectively as possible.  This integration supports development early by allowing functional teams to analyze, study, and improve products in a fully functional system environment before committing to a hardware or software build.

The primary benefits of the incremental SES approach can be summarized as:

· Simulation-based integration minimizes cost, schedule and overall risk.

· The SES approach provides a flexible, reconfigurable, and expandable test environment.

· Design iteration costs are reduced by early detection and resolution of specification and interface problems.

· The resulting legacy simulations and emulations (Integrated Crusader Emulator) provide a platform for system evaluation, future evaluation of proposed modifications, and for troubleshooting the fielded product.

To obtain the greatest benefit from the approach, SES follows an incremental process outlined in Figure 5.  The steps identified in the figure are identified below:

· Step 1 represents a high-fidelity non-real-time workstation simulation of the particular element under test. The functionality of other elements is represented by a low-fidelity simulation that includes only those functions that are required to interface with the element under test.

· Step 2 migrates the simulated element software to the target central processing unit (CPU).

· Step 2a represents the development of the servocontrol algorithms and is shown as a separate development path due to its unique nature. For this step, the simulated load under servocontrol is replaced by test stand hardware. The servocontrol algorithms are executed in real-time on a rapid prototyping system (e.g., AC-100 or ADI RTS), which facilitates algorithm development and testing via a flexible GUI and built-in interfaces to servohardware.

· Step 3 adds I/O emulators and external stimulators to step 2.

· Step 4 incrementally replaces emulations with target hardware.
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Figure 5: Applying SES Approach to Crusader

· Step 5 physically integrates all mechanical hardware along with the software at the segment level.

· Step 6 incorporates the integrated Hardware/Software product from Step 5, all the necessary I/O emulators, and simulations and combines them to form the system-level emulation known as the ICE.

Formal software qualification and test is a parallel process to hardware integration.  The SES also supports the software qualification and test by providing a real-time high fidelity emulation of the subsystem’s hardware, real-time low fidelity emulations of other subsystems, and a common real-time simulated environment controlled by a scripted scenario.  The resulting qualified onboard software becomes available to support other subsystems’ validation testing. When the vehicles are completely integrated, and all simulations have been replaced with tactical software and hardware, the SES process is completed.

The ICE is the residual product of the SES process. The ICE collects all simulations, emulations, and stimulations to support design evolutions beyond MSII, support Test and Evaluation (T&E) activities through MSIII, and enable post deployment maintenance activities to continue.  The ICE serves as the Crusader end-to-end model; it has the capability to simulate the entire system and permit analysis of details down to the subsystem level.

IV.B.
M&S Support of Crusader T&E

IV.B.1
Introduction

The primary objective of T&E in the Crusader program is to verify that requirements are being met throughout the Crusader development cycle.  Since the program is in early PDRR, T&E planning and the supporting role of M&S is currently being defined in detail for PDRR, but less so for the following phases.  The use of M&S in support of T&E will therefore be emphasized below, with more general strategy provided for the EMD and LRIP development phases. The objectives of M&S support for testing are: 

1. to facilitate the integration and test of Crusader hardware and software products at the subsystem, element, and segment levels;

2. to enable item checkout and debug activities at component and lower levels;

3. to support item acceptance, software test, and hardware test efforts;

4. to provide an infrastructure for integration and interoperability of external models and simulations used in system level testing and analysis.

Figure 6 depicts the overall approach to incremental system development, integration, and testing.  It also provides a representation of the use of M&S in testing utilizing the SIF at UDLP.  The SIF will be a shared facility used by developers and integrators, as well as by the test community.  Items that are part of delivered system products are white objects.  Shaded objects are simulations, prototypes, or models of items in a product.  The interaction of M&S activities with product development, integration, and test efforts is illustrated, from initial concept through final segment and system test. 

The process starts with models of product items as specified in Product Data Sheets.  As products are developed, the simulation models are updated and validated so that they accurately represent the behavior of those items.  Updated models are then used to test out functionality and compatibility within the system.  After successful completion of this step, the models are replaced by target hardware and software.  The target items are then tested against the integrated system simulation.  This process continues throughout all levels of integration and test until complete products have been tested in both the simulated system and the actual system.

The incremental integration and test process for the SPH and RSV will be implemented in six essential steps, each of which requires the use of models and simulations:

· Establish framework

· Develop element subsystem simulations

· Integrate element simulations within the SIF

· Integrate and test element products within the SIF (hardware and software)

· Integrate segment simulations within the SIF

· Integrate and test segment products within the SIF

For testing at the system level, an ICE will be employed by the SIF as defined above.   This will allow interfacing of segments for the purpose of conducting system-level testing using a realistic system-level simulation.
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Figure 6:  Incremental System development and M&S-Based Test Approach

Modeling and Simulation (M&S) supports Crusader T&E activities in several important ways:

· Assists in the formulation of Master Test Plan (MTP) test definition

· Mitigates risk in execution of tests imposing possible compromise to program assets by allowing simulation of conditions that are potentially hazardous if present in a live testing situation

· Allows examination of physically untestable requirements

· Increases capability for test automation

· Provides essentially unlimited capability for repeating simulated test events

· Provides cost effective reuse of simulations developed for other programs or other areas of the Crusader development arena

· Provides very efficient test setup

· Provides very effective control of scenarios and testing parameters

· Performs pre-test modeling to project likely test outcomes

· Supports post-testing analysis efforts

· Supports post-testing reporting efforts

· Shows the probability that critical requirements can be met during EMD

· Supports software testing for safety release

· Provides opportunities to reduce the number of tests.

The immediate objective of use of M&S to support testing is to aid in the development of efficient and smart test design. M&S will be used by test personnel to create realistic developmental and operational test scenarios and will improve the test and evaluation planning process.  Simulated test environments will be used to verify that the test conditions and environmental states can be met with sufficient realism, and within the bounds of safe operating conditions.  An equally important role of M&S, given sufficient confidence in the models or simulations, is for M&S to be used to augment, or even in lieu of, testing in order to verify requirements are being met.  In concert with PM Crusader’s desire to maximize the process of simulation-based acquisition, the entire test community is expected to consider all potential uses of M&S for this purpose.  Simulation vs. actual testing will therefore be considered and evaluated for cost-effectiveness and risk of acceptance over the planned life cycle for all test activities.
Consideration of M&S for support to testing will begin early in the process, as T&E objectives are first laid out.  It is expected that leveraging M&S will ultimately result in reduced field test assets needed, resources required, required test iterations, and overall duration of testing.  Using M&S will allow evaluation of conditions that may be difficult, if not impossible, to test due to limited test resources, environmental restrictions, and possible safety or loss-of-asset issues.  In addition, M&S will support the data management process by providing synthetic data to exercise the test analysis and reporting systems.  Early evaluation is supported by virtual prototypes, which allows operational test personnel to do early operational assessments in multiple threat environments.  These synthetic environments will permit evaluation in environments not easily achievable in actual tests due to safety or resource constraints.

M&S will extend the usefulness of field test data by exploring and identifying questionable areas as well as improving the leveraging of test data between developmental and operational testing.  M&S will enhance the sharing of information between system engineers, designers, software engineers, test engineers, logistics engineers, and users.  Eventually, virtual representations of the manufacturing process will be used to examine how the manufacturing process will adapt as the Crusader prototypes are changed. 

The purpose of supporting MTP development is to establish and maintain a comprehensive understanding of operational testing requirements with an emphasis on Concept Evaluation Plan (CEP), Engineering Development Testing (EDT), Early User Testing (EUT), and Operational Testing (OT).  The use of the M&S environment for requirement verification will be applied wherever possible.  Simulation modeling will support test planning decisions.  These same models will be used by developers to create representations of Army scheduled testing, and to predict expected test results.

Common mission scenario and non-Crusader specific data and simulations will be identified early in the MTP development process.  The government and the Crusader team will use  the M&S coordination process to identify new M&S needs, as well as potential sources. The MTP volumes developed for element, subsystem and component testing within the Product Development Teams (PDTs’) will identify models to be acquired and/or developed as needed (many may be byproducts of development analysis models).  The MTP volumes developed for segment testing will similarly identify the models needed for testing , but will be able to additionally draw upon the models used for element level testing.  The MTP volume for system test will follow the same approach.  The models initially identified in the Requirements Translation Model (RTM) database for requirements and the initial list of general models/sources provide a useful guide for the test plan developers.  The evaluation of models for applicability and cost effectiveness for testing will be performed by the test plan developer.  It will be important to catalogue and control the simulation models used for testing and/or requirement verification. A list of general models will be maintained in  MTP to reference general  models or tools planned to be used in testing. The MTP will  also include appendices that associate the general models to specific requirements.  The use of a general model for a specific requirement may necessitate a unique configuration or interpretation of the model, which will be tracked via the model identification.  Each MTP volume will have a unique table of model identifications that shows the relationship of M&S to the requirements addressed within that volume.

Pre-test modeling is conducted to derive "predicted" performance measures prior to live events.  Pre-test M&S will aid test planning by providing insight into data requirements, fidelity, and data reduction before costly and often times unique live test events.  Additionally, pre-test modeling establishes a model or simulation baseline (data set) that, when compared to actual test results, permits model "calibration", in turn improving modeling capability for future use.  Testing-related model calibration will provide improved predictive capability for all performance measures.  Test exit criteria will be modeled prior to any government test, thus providing early insights to Team Crusader into high risk performance areas for the test.

When it is required, post-test modeling will serve to extrapolate observed test events and results into additional test environments not represented during limited government testing.  Post-test modeling will be used to determine whether Crusader performance is within predicted tolerance limits and determine likely cause(s) of requirements non-compliance, if any.  The program will use calibrated models to create a representation of operational activities/events for design decision support as well as  requirements verification.

All simulation models used for qualification testing will be accredited.  This is necessary in order to assure that the models thus used properly reflect the developer’s functional descriptions and specifications, and that they provide an accurate representation, to the degree expected, of the real world processes they are being used to simulate.

Models used by the Crusader team in lieu of formal testing for the purpose of verifying that requirements are met will be required to pass through an accreditation process prior to being used.  Previously certified/accredited models, reused from other sources, will be required to pass a qualification test if modifications for Crusader have occurred.  Model certification/accreditation will be a condition for passing Test Readiness Review, because it will demonstrate that the contractor’s test facility will support the planned formal qualification test activities.  Contractor and government personnel will be participants in the accreditation process (currently under development by Team Crusader) and the VV&A process .  Models, simulations and facilities that are being used in a support role only for formal testing will be required to pass an acceptance test, which may be less rigid than formal verification and validation  procedures.  It may be necessary in some cases to use live test results as a source of data to validate models and simulations.  This may necessitate additional data collection during tests to capture data specifically useful for validation.

IV.B.2 Model and Simulation Support for Milestone II.

The Crusader MTP references each of the PDRR requirements.  Use of M&S will be particularly emphasized, and scrutinized, for the support of verification of the MS II success criteria.  M&S will be used to support testing activities associated with the MS II by being used as an aid in test design, and in many cases as a modeled or simulated test environment.  In some cases, such as survivability, M&S may be the only or primary means of testing the requirements.  In most cases, including range, rate-of-fire, MRSI, responsiveness, accuracy, resupply, mobility, and survivability criteria, real-time simulations will be run in conjunction with the ICE at UDLP to dry run the test in order to verify that the system, as configured for the test, is capable of attaining a firing state according to the test procedures.  Results from the actual firing test will be compared to model results for model enhancement or to determine system anomalies.  Non-real-time off-line models will be used to predict performance and to bound testing.  Table 1 lists the associated M&S support for satisfying the success criteria for both the SPH and the RSV at MS II.
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IV.B.3 M&S Support to Test and Evaluation Events

System Evaluation Plan (SEP):  M&S will be used to aid in the determination of Measures of Effectiveness (MOE) and Measures of Performances (MOP) as identified in the SEP at major decision points.  The Operational Test and Evaluation Command (OPTEC), serving as the government independent evaluator, will use M&S extensively in the determination of performance measures where specific test data are not available.  Wherever possible, M&S products and results generated by the contractor will be utilized.  Separate government modeling activities may also be used to assess the MOE’s and MOP’s outlined in the SEP.  UDLP’s MTP, volume 1, contains a SEP/MTP matrix that shows the linkage between the SEP and the MTP; in particular, the MOP’s and MOE’s in which M&S might be applicable are identified in the matrix.  All critical evaluation issues expected to rely on M&S at least in part to be addressed will be clearly identified as such in the Crusader Test and Evaluation Master Plan (TEMP), and will be addressed in the Verification, Validation, and Accreditation Management Plan (VVAMP).

Concept Evaluation Plan (CEP):  A series of simulated exercises known as CEP’s are being conducted by the TRADOC System Manager Cannon with participation of the Army Research Laboratory, the Depth and Simultaneous Attack Battle Lab, and the Crusader System Test and Evaluation Team.  The simulations used so far are JANUS for maneuver, and TAFSM for operational fires.  These simulations are used by commanders and battle staffs to fight simulated battles against the World Class Opposing Forces  in varying scenarios.  The Crusader SPH and RSV were modeled in the first two simulations (CEP1 and CEP2) with the functionality as described in the Operational Requirements Document.  For CEP 3, scheduled for 4Q FY98, Crusader system functionality will be modeled according to results of system design trade-offs accepted at the Program Executive Officer/Commandant In Process Review, and leading to final detailed designs used for prototype development. 

The objectives of the CEP3, again using the simulation setup as previously described for the earlier CEP’s, are as follows:

1. Assess the feasibility of operational concepts in terms of command, control, communications and crew (C4),

2. Determine, to the extent possible, if the notional table of organization and equipment (TOE) is correct,

3. Assist in refining the operational concepts document,

4. Provide information to Team Crusader for development of the system,

5. Refine the critical operational issues, and

6. Determine test issues for further evaluation.

The test environment functions collectively as a DIS, and employs a seamless confederation of models, simulations, and actual field equipment to simulate the digital battlefield of the future on which Crusader will fight.  Data flows digitally among the layers through the use of common protocol packets, which are used to encode and decode the information from each of the elements.  Use of a DIS environment allows the separate elements of the test environment to function in real time and for the soldiers participating in the test exercises to feel that they are functioning in support of real maneuver elements in a real developing battle.  The separate layers of the test environment are described below:

1)  J-Link (Modeling The Maneuver Battle):  The overall stimuli for tactical fire control and fire mission processing come from a battlefield maneuver simulation called J-Link, which is a DIS-compatible version of the Janus simulation.  Janus is used at Fort Sill for training basic and advanced field artillery classes.  Janus is a high resolution, two-sided, interactive ground combat simulation with digitized terrain, line of sight for all platforms or weapons systems, and battle calculus computed on probability of kill.  It is used as a seminar trainer for commanders' use in training subordinates and principal staff officers in close battle planning and synchronization. 

2)  TAFSM (Modeling Artillery Operations):  TAFSM is a stochastic, two-sided high resolution simulation that has been applied extensively for combat developments.  TAFSM explicitly plays vehicle movement, target acquisition, and communications of targeting information to fire direction centers and subsequent fire messages down to individual guns.  It uses the fire mission requirements generated by the tactical fire control process and performs technical fire control - calculating the ballistic solution, applying it to a Crusader SPH fire mission, firing it and reporting the results.  TAFSM has been modified to become DIS-compliant and interoperable with live (soldier operated) fielded tactical Command and Control devices.  For CEP support, it is linked interactively with the Janus battle simulation.

3)  CEP Process:  The CEP process relies on soldiers from the unit to provide fire mission processing for issuing move orders to the individual howitzers and resupply vehicles.  In the CEP’s, a portion of the Crusader battalion forces are played in real time through workstations at which the soldiers perform functions typical of howitzer or resupply vehicle crew members.  Interactive screen designs are provided by the contractor building the final prototypes for EUT, to allow assessment of required message traffic and workload at the individual vehicle level.  This approach should provide the stressors necessary to develop training modules and to subsequently evaluate the ability of soldiers to perform their missions.  All Manpower, Personnel, and Training (MANPRINT) domains can and should be addressed during these simulations.  The balance of the Crusader entities are modeled in TAFSM.  The next paragraph describes how these modeled entities will perform.

For purposes of the CEP, the modeled Crusader howitzers and resupply vehicles 'live' in TAFSM.  Messages sent (usually by the POC) to Crusader are acted on in TAFSM, and TAFSM responds back in real time to the network with digital messages just as the individual Crusader elements would.   This fidelity and immediacy of these transactions gives the whole Synthetic Theatre of War  (STOW) environment the ability to produce an Operational Tempo (OPTEMPO) during the battle and provides a very realistic level of stress to the soldiers and the functions (C2 and resupply) performed by the Crusader artillery battalion during the battles.

4)  Situational Awareness:  A Maneuver Control System, Plan View Display, or equivalent display device is used at the Battalion Operations Center to provide an overview of the emerging battle.  This device superimposes icons of the opposing forces onto a pictorial representation of the digital terrain, much as you would post a map to indicate locations of various objects.  The Crusader battalion staff is thus able to track progress of the unit both individually and collectively.  The CEP process described above exemplifies the interactive environment in which the Crusader research takes place.  Crusader expects to link to the protocols found in Force XXI, Army after Next, etc..

The CEP’s are a good example of how M&S is being used by Team Crusader to support total system development.  The exercises provide important information to the users, system designers, and to the testers.  Crusader System T&E personnel participate in the CEP simulations to support the simulation center personnel with latest information in portraying the Crusader system in Janus and TAFSM.  They participate during the simulation to observe, gather data and bring back the lessons learned that can be used for the design of software, crew interfaces, and developmental and operational testing.  Some of the specific advantages of the CEP M&S exercises to the T&E group are:

1. Provide data to determine the types of scenarios that need to be written for software test,

2. Provide data on the operational effectiveness of the system and provide feedback to design engineering,

3. Determine the instrumentation requirements for the OT and EUT,

4. Use the lessons learned in the conduct of the simulations as a rehearsal for OT and EUT,

5. Use the lessons learned in the conduct of the simulations to reduce set up and trouble shooting for EUT’s,

6. Refine test plans for OT and EUT, and

7. Refine software test plans.

EUT:  M&S will be used during the Crusader EUT prototype testing of the SPH and the RSV.  An entire Crusader platoon will be tested during the EUT’s.  To accomplish this, a section consisting of a POC, a SPH and a RSV will undergo operational testing at Yuma Proving Grounds(YPG).  Simultaneously, two simulated sections consisting of two SPH’s and two RSV’s will be tested in the Simulation Center at Ft. Sill.  A DIS interface will provide the real-time linkage between the live testing at YPG and the virtual testing at Ft. Sill.  To portray the Crusader vehicles in the Ft. Sill Simulation Center, reconfigurable simulators and crew consoles will be used.  The objective of the tests will be to determine Crusader operational effectiveness and TTP’s for platoon employment.  The EUT will provide insights as to whether operational effectiveness goals will be met by Milestone III, and preclude major design changes.

IV.B.4 M&S Support for Supplemental Tests

Safety Qualification of Fuzed Projectiles:  M&S will be used to identify safety design improvements and optimize required testing to obtain a limited safety release prior to manned firings of fuzed projectiles. The U.S. Army Test and Evaluation Command has responsibility for safety certification and, therefore, must be involved in this process.   Design improvements must be identified that will satisfy shock and vibration safety requirements for the transport, resupply, and autoloading of fuzed projectiles.  M&S will be used to replace a portion of the live testing of several combinations of fuzed projectiles required to obtain safety certification during EMD.  Data will be gathered to support model development and validation during PDRR.  M&S will also be used to evaluate sensor location strategies.  This will not only improve the design, but will reduce the risk of human injury and destruction of the Crusader prototype, will greatly reduce cost, and will aid in keeping the program on schedule.  The approach is not intended to entirely replace live testing, but would leverage test data from appropriate live testing to improve, validate, and extend models.


Gun Tube Wear and Projectile Wear Studies:  Improvements to Crusader gun tube design and/or projectile rotating bands will need to be made to satisfy range, accuracy, and rate of fire requirements.  The number and sensitivity of design parameters needed to bring about improvements would result in an excessively large developmental test matrix of live firings and may still not guarantee the improvements.  M&S will be used to evaluate the degree of improvement needed, reduce the number of design parameters, and to identify a range of parameters that are likely to result in satisfactory live fire testing.

Environmental Testing:  M&S will be used to reduce the duration of environmental testing.  Environmental testing includes evaluating system performance over extended periods, in environments that range in temperature, humidity, dust, moisture, etc.  Modeling and simulation would not entirely replace the testing, but may reduce the duration by using acquired field data from known test points together with models that would extrapolate performance.

IV.B.5 M&S Applied to System Software Test Plans (SSTP)

The system software development process requires an iterative design-test-design approach which parallels that described for hardware/hardware support design.  M&S will be used to support development of all software that executes onboard the SPH and RSV, or “On-board Software”.  Examples of onboard software are operational, maintenance and training software.  

The requirements allocated to a given software build are defined in the Software Development Plans along with the associated functional capabilities assigned to each PDT and the software integration order.  The onboard software developed by each PDT is based on the previously released software, the Software Requirements Specification, the Software Design Document, the visual prototype and the DOM.  The software is incrementally integrated and tested in real-time to verify not only new functionality but also to verify that previous functionality is not impaired by the integration. 

Integration and qualification testing are time and event critical and must be performed in a controlled test environment that is reliable, repeatable, and under the same configuration management as that of the On-board Software.  

The qualification testing of on-board software occurs as part of the subsystem development.  The Software Test Plan and Software Test Descriptions for the subsystem are developed by the software test group and then executed using models and simulations as part of the test environment.  At the minimum, for example, the performance of the onboard software in a real time environment will be measured to obtain resource utilization under nominal and failed modes.  Software performance evaluation can be accomplished in many cases with simple bus stimulations, or at the other extreme, the subsystem software test validations will test software functions in real time by interacting cooperatively with other subsystems, elements, and segments in both nominal and failed modes.

To support software qualification test, the test personnel will utilize a real-time hi-fidelity emulation of the subsystem’s hardware including sensor outputs and actuator (load) commands, real-time low-fidelity emulations of the other subsystems, and a common real-time simulated environment controlled by a scripted scenario.  Previously qualified onboard software support from interfacing subsystems is used as necessary in the test process.  The resulting qualified onboard software is available to support other subsystems’ validation testing within the element’s integration.

The software that supports a typical subsystem X qualification test in the ith build towards onboard software release N is as shown in Figure 7.  An emulation of the onboard software for subsystem X is also produced as a result of qualification testing and is used in the Element Level integration of other subsystems.  A real-time low-fidelity emulation of the overall subsystem X is also produced as a result of the testing and made available to other subsystems for testing and integration.
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Figure 7.  Models for Subsystem X Onboard SW Qualification Testing

Likewise, element-level onboard software integration and qualification testing is accomplished using the benchtop-level real-time simulation.  The integration of element subsystems is shown in Figure 8, using the armament element as an example.
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Figure 8:  Armament Example

IV.C.  M&S in Combat Developments

M&S activities are critical to the development and refinement of  combat development issues such as TTP’s and optimal placement within the overall Force XXI battle package.  The establishment and refinement of  combat development issues is primarily the responsibility of the user, in that it helps to define optimum implementation of the newly developed Crusader system into the force structure.  However, the information gleaned from these exercises is also critical to the PM and to the contractor in the design trade-off process which continues through PDRR.

The Field Artillery School and the Depth and Simultaneous Attack (D&SA) Battle Lab are teaming to provide simulation capabilities to support development and training of Crusader.  The goal is to provide early and continuous examination of critical issues in doctrine, training, leadership, organizations, materiel, and soldiers (DTLOMS).  The process requires constructive simulations and virtual simulator drivers along with live soldier interaction to provide testing capabilities on a synthetic battlefield. 

J-Link, TAFSM, and the Modular Semi-Automated Forces (ModSAF) are the constructive simulations used in the Ft. Sill Battle Simulation Center to create the synthetic battlefield environment.  They provide the battle context for testing and research and development.  DIS compliance is based on standardized communication protocols, databases, and computer architectures which allow live, constructive and virtual simulations to interact in real-time over local and wide area networks.  Experiments can then incorporate warfighters who plan and execute battles using live tactical command and control systems on synthetic battlefields created by J-Link and TAFSM, and in interaction with other live troops and virtual simulators.  The interaction is transparent to the soldier, allowing realistic assessment of techniques employed, and a subsequent capability for virtual training.

The D&SA Battle Lab is supporting Crusader by using these tools in the TRADOC CEP’s.  J-Link is used to simulate the maneuver battle in conjunction with TAFSM’s simulation of fire support.  TAFSM is a division level combat simulation that emphasizes artillery operations.  It serves as the Field Artillery School’s primary combat development analysis tool.
Virtual simulators used to support combat developments initially are PC-based crew stations that provide functionality, but not the actual man-machine interface, of the expected system.  As system development progresses, the PC-based stations will be replaced by Crusader crew workstations.  The combination of virtual simulators and the synthetic battlefield provide the means to conduct the Crusader specific CEP’s.  CEP’s one and two were conducted in 1996 and 1997.  CEP 3 is planned for Oct 98, and there may be additional CEP’s as well, all of which will be supported through this SSP.  These experiments, followed by the FDTE 1 in 99 and the EUT in 2000 make up the Crusader Battle Lab Warfighting Experiments (BLWE).  The goal of the BLWE is to field Crusader with an operational concept based largely on experience and performance data derived from working with soldiers in a STOW environment.  Each BLWE will incorporate increasingly objective hardware and software, and build on lessons learned from previous exercises.  Figure 9 shows the increasing scope approach to these exercises.

 Historically, Force Development Test and Evaluation (FDT&E) events would require significant personnel resources, prototype availability, and cost.  The ability to have J-Link and TAFSM DIS compliant, coupled with the requirement to have the SIF DIS compliant, allow interoperability assessments to be made early and with reduced assets.  In fact, formal FDT&E can be replaced or significantly reduced by using available simulation facilities in a linked role.  For example, TAFSM can be run in real time in a linkage to latest design simulators and emulators within the UDLP SIF facility.  The SIF could be manned by local National Guard units to provide evaluation of TTP’s and the man machine interfaces.  In addition, once hardware becomes available, larger scale  interoperability can be tested by having smaller units live testing coupled with additional units in simulators linked to TAFSM.  Not only does this process reduce necessary scope of FDT&E’s (and potentially the IOT as well), but it allows a comparison of live operations (to include drills and actual firings) to operations in TAFSM, which provides validation of TAFSM functionality that is being exercised in direct support of the Crusader program.

Although the purpose of the Crusader BLWE is to develop Crusader’s weapon system’s operational concept, CEP’s one and two have also served to validate the merit of training soldiers in the simulated environment.  It is the intent of the Crusader program to utilize this same process as an integral element in the lifecycle training program plan.
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Figure 9:  Crusader Battle Lab Warfighting Experiments

IV.D.  M&S To Support Training

The Crusader training development strategy, like the system development strategy, calls for iterative and continuous implementation of hardware interfaces, and software support structures of increasing fidelity.  The development of training assets will emphasize an eventual transition to a total system trainer, but will also focus on training support in preparation of testing and force experimentation, as well as provide for similitude to the objective system and its eventual upgrades and stand-alone embedded training within the vehicles.

The development of Crusader training assets relies very heavily on M&S.  It is critical that Crusader training devices interface with actual tactical software.  External devices will be necessary for training crews prior to exposure to actual Crusader systems.  Embedded training will allow continual training of Crusader crews when and wherever necessary.  Embedded training will allow use of actual Crusader crew station man machine interfaces, but will require functional simulations and internal scenario drivers for section-level and section to battalion force-level operations.  Embedded training will make use of scenarios and simulators that are compatible with or transportable to/from the SIF, and will therefore not require a separate simulation development process.  Embedded training will be fully available within LRIP delivered systems (2005).  The eventual external device will be a Crusader institutional crew station trainer (CICST), which will consist of at least three reconfigurable crew stations (configurable for either SPH or RSV crews) and will be instructor controlled.  The Crusader Training System (CTS) development plan encompasses four training devices:  the RSV Maintenance Trainer, Crew Station Trainer (CST), Hull Maintenance Trainer, and Turret Maintenance Trainer.

As with other system developments, M&S will be used extensively for the design and development of the trainers.  All MANPRINT domains should be addressed by this modeling.  They will also serve as an essential element of the trainers themselves by providing the necessary functional simulations and scenario drivers.  The prototype CST will be developed concurrently with the prototype vehicles, and will be available for EUT.  The development of the CST relies heavily on expertise, techniques, and technologies drawn from the UDLP San Jose’s Combat Simulation and Integration Lab’s (CSIL) efforts on the Bradley and other systems.  The development process, as shown in Figure 10, will use lessons learned and rely on common architectures as the preceding Bradley efforts, but will be based on emulators, simulators, and man machine interfaces designed, developed, and demonstrated in the SIF at UDLP in Minneapolis.  The same SES process described above and shown in Figure 5 is also used for trainer development.  The simulation development process for the CST is shown in Figure 11.
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Figure 10:  Crusader Trainer Development Leveraging by UDLP
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Figure 11:  Crusader CST Systems Simulation Development Process

The reliance of Crusader on training aids, devices, simulators, and simulations provides realistic training at significantly reduced cost as compared to current training concepts that rely on live fire, performance-based, and combined arms training.  Each of the Crusader trainers will use simulation technology to interact with Crusader tactical software to create visual, audio, and sensory perceptions of operating or performing operator maintenance on Crusader.  The CICST will simulate the full range of SPH and RSV individual tasks.  It will also use DIS protocols, common terrain databases, and both visual and voice technologies to interface with the family of Combined Arms Tactical Trainers (CATT’s). Interaction between the CICST and the CATT simulators via DIS will train collective capabilities at levels above the Crusader crew level.  Objective CICST reconfigurable stations will be fielded simultaneously with the LRIP Crusaders in 2005.

In addition to the M&S that are directly used to develop and support the Crusader trainers and embedded training,  constructive M&S tools will also be linked to the trainers and earlier prototype devices to allow dynamic training within the context of force-level training.  The previously discussed models, Janus, J-Link, and TAFSM, will provide this capability.  The constructive models can be rapidly reconfigured to represent multiple training environments with varied mission, enemy, terrain, troops, and time available.  Use of the constructive models allow simultaneous training of personnel from crew through command level, with the capability to store and evaluate results of decisions and actions made during the training.  Field artillery men can practice the entire military decision-making process in a relatively low cost environment.  This approach allows the flexibility to practice in multiple scenarios under a variety of conditions and to do it systematically and routinely.  These advantages are not possible with live combat training exercises.

V.
MANAGEMENT
The Crusader program has planned from its inception to take full and maximum advantage of M&S to augment and streamline the overall development and acquisition of the Crusader system.  It has implemented the objectives of the integrated simulation, test and evaluation (STEP) process to combine simulation and testing to improve system design and measurement of system performance.  It has also instituted goals of  leveraging existing expertise and M&S capabilities to avoid duplication of effort; ensure maximum commonality, compatibility, and interoperability of the chosen M&S tool set; and develop early and practical VV&A planning and implementation to ensure that the use of M&S provides valid information to benefit the program and aid the decision-making process.

Management of the M&S program follows the Integrated Product Team (IPT) model in use for the rest of the program, but acts at several distinct levels.  In order to achieve the goals identified above, it is imperative that communication and coordination occur between UDLP’s  PDT’s, between PM Crusader’s PDT’s, between UDLP and PM Crusader, and between Team Crusader (UDLP and PMO) and other government agencies.  Figure 12  shows how the management process will be implemented.  Within UDLP and the PMO there are M&S  mission area representatives within each of the functional area PDT’s.  These representatives interact with the government contractor PDT’s.  Management of system- level issues is the responsibility of a M&S manager designated within UDLP and the PMO to ensure coordination between the PDT’s and implementation of system-level planning.

 To take advantage of available expertise and capabilities, a larger government coordination is also required.  This interaction provides the critical forum in which M&S needs and issues can be identified by  Team Crusader for consideration by the community, with the potential and expected response of recommendations, products, and other support back to Crusader.  The larger government coordination occurs within the context of a Crusader Simulation Coordination Group (SCG).  Depending on the issues to be addressed, the group may communicate en large by meeting or video teleconference, or issues or needed information may be disseminated individually for consideration and resolution.   

 
Although individual M&S managers are designated to oversee M&S development and issues, M&S in general is considered to be an integral part of the total system development process.  The management responsibility serves to ensure that planning is coordinated and remains on track according to the previously identified goals.
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Figure 12: Crusader M&S Management Structure

VI.
FACILITIES and EQUIPMENT

VI.A.  SIF


The United Defense Armament Systems Division (ASD) SIF serves as the primary consolidation facility for all program integration activities.  The following activities will be performed in this joint SIF:

· Mechanical component integration

· Model and Electronic hardware/software integration

· Simulation development and integration

· Visual prototype implementation and demonstration

· Testing and data collection, storage, and management

· Storage, inventory, and control of purchased parts

The SIF will integrate existing UDLP capabilities into a single facility. Major SIF capabilities include:

· Dedicated product development areas

· Dedicated hardware and software integration

· Dedicated test data collection and management facilities

· Integrated receiving, shipping, and storage area

· SIF support staff office facilities

· Dedicated modeling and simulation areas

The SIF will provide the primary functions discussed below.

· Support of product development.  The SIF will support the development of subsystem- and element-level products within the element development areas.  This includes software development and test; unique product-specific element electronics development; model development, evaluation, and enhancements; test execution and subsequent data analysis.

· Coordination of Modeling and Simulation Environment.  The SIF will provide and manage the element-level M&S environment.  This includes standard simulation tool sets and standard model formats and interfaces.

· Coordination of Models.  The SIF will facilitate the interchange of models between elements to support the SES process.  Activities include model verification, model distribution control, and model maintenance and archiving.

· SES Approach Support.  The SIF will support the execution of the SES approach at the element level and for each segment.  Activities include procurement and distribution of basic emulation equipment to the elements, construction of the segment level ICE, and distribution of the common environment models to all the elements.

· Physical Integration Support.  The SIF provides the facilities required for the physical integration of assemblies at the subsystem, element, and segment levels.

· Test Environment.  The SIF provides a common test environment for all elements and segments evaluated within the SIF.  Activities include standardized test scenarios and conditions provision, requirements validation, centralized data collection and storage, and centralized data analysis and retrieval.

· Visual Integration Laboratory.  The SIF provides the facility and equipment to operate a visual integration laboratory.  The laboratory will support the soldier-machine interface preliminary design using visual simulation and will provide a common infrastructure to manage, represent, and access visual simulations.

· Material Management.  The Material Control staff resident within the SIF will receive, inventory, and control the distribution of all purchased parts passing through the SIF.

The layout and composition of the SIF has been tailored for both Army and Navy programs, and provisions are being made to ensure that it is flexible enough to accommodate future United Defense development and integration efforts.  The SIF will reside within the Minneapolis United Defense facility plant in the location shown in Figure 13.
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Figure 13. SIF Location Within United Defense Facility

The overall SIF floor space is estimated to be approximately 60,038 square feet, broken down as 36,597 square feet of assembly space, 17,497 square feet of lab space, and 5,944 square feet of office space.  Due to the sensitive electronic components and the wide use of workstations within the SIF, all of the office and much of the laboratory space will need to be environmentally controlled. Initial estimates are that there will be 23,441 square feet of environmentally controlled area.

As seen in figure 14, approximately 5% of the total SIF floor space is allocated to Army modeling and simulation efforts.  However, the total Army space allocation supports the development process that is based in M&S.  The combination of development laboratories, assembly areas, computer resources, and data networks located in the SIF are designed to provide an environment that allows performance evaluation at successively higher developmental levels.  A combination of multiple-use products and techniques is employed to satisfy the program success criteria, provide a cost-effective development path, and expose potential development problems as early as possible.  A listing of equipment and their applications is provided in Appendix D.




Figure 14: SIF Preliminary Floor Plan

VI.B.
Other Facilities
A number of  off-site simulations and simulation facilities will be considered and evaluated to augment the UDLP-SIF modeling and simulation capabilities for Crusader test purposes.

TARDEC:  The modeling and simulation capabilities at TARDEC may be used to develop refined test plans, to dry run tests, to replace actual in-place testing with M&S where applicable, and to validate existing UDLP-SIF models.  Additionally, the environmental test cell facility at TARDEC will support testing of environmental requirements, and the motion-based crew station facility at TARDEC will support testing of crew Human Factor requirements.

Many features of the TARDEC facility will be useful.  This includes TARDEC’s vehicle dynamics subsystem models for powertrain, suspension, steering, track and hard soil interface for vehicle platform firing stability tests, steep climbing and ditch crossing, vehicle stability and handling, gradeability and side slope performance, ride quality and performance, geometrical interferences, and transportability tests.

TARDEC’s structural models and analysis tools for beam/shell, solid elements, elastic material and linear statics/dynamics can be used for testing vehicle structural integrity, reliability, and durability requirements.  TARDEC’s survivability models and tools may be used primarily for thermal signature, near-Infrared, and radar signature testing, and for structural integrity testing for lifting and tiedown provision, tiedown strength in transportation, and hull and turret structure integrity in static and dynamic loads.  TARDEC’s propulsion laboratory’s chassis dynamometer, environmental, and other test cells can be used for performance testing of engine, transmission, final drive, system-level environmental, cooling, engine environmental, and complete system with variable ambient temperature, wind, solar radiation, and sand and dust conditions.  TARDEC’s reconfigurable moving-base simulator may also be used to assess component durability and reliability in those test cases in which M&S cannot provide adequate testing.

Additional capabilities of TARDEC may be utilized as they become available.  Considerable effort may be required to supply the models with a correct interpretation of the Crusader vehicles.  The M&S methodology of UDLP SIF will be reflected in the way in which the TARDEC facility is used.  The ability to perform as much remote testing (i.e., via network) as possible will be a goal.

TECOM’s Virtual Proving Ground (VPG):  The VPG, as a resource, is still largely unknown.  The best use, in this case, is to define the testing that needs to be done last, and then work backwards.  This may be used to guide the VPG development so that program testing does not overlap and is more likely to be available at an appropriate time in the program without causing the testing process to halt.  Two uses of the VPG  may be to evaluate human factor considerations by using a virtual interior of the Crusader vehicles together with virtual animated crew people, and to implement mobility testing.

UDLP’s Ground Systems Division (GSD):  The GSD-developed models, DIS capabilities, capabilities developed for hardware-in-the-loop simulations, and three dimensional  solid model dynamic interactions will be used where appropriate.  Most immediately, this will include automotive models, and interference and clearance testing for transportability requirements. 

CECOM:  The Electronic Warfare Survivability Integration Laboratory and the Simulation and Modeling Laboratory of CECOM will be used to support the Crusader test program.  They will aid in the testing of intelligence and electronic warfare system components with respect to force effectiveness and survivability requirements of the Crusader, and by providing an assessment of performance prior to testing using simulation models such as COMINT/ELINT/MTI and scenario models.  The laboratories assess effectiveness in countering hostile Command, Control, and Communications threat systems with emphasis on ground based threats, and include a test environment for testing radar, laser detection and identification, and radar and IR countermeasures.  Additional features of the CECOM facilities may be utilized according to testing needs.   The Crusader  program will also communicate with the CECOM labs through the Defense Simulation Internet. 

Army Research Laboratory (ARL):  The test facilities and M&S capabilities at ARL may be utilized to develop models of fuzed projectile combinations that can be stimulated by shock and vibrations during transportation, gun firing, ballistic shock, and autoloading.  The response of the models to the representative stimulation will be compared across the frequency bands of interest for accelerations that are within the safety requirements.  The models will be first verified with a tri-axis shaker driving a fuzed projectile.  Data acquired from field testing will be used to verify the models of both the fuzed projectile and representative shock and vibration against real shock and vibration and instrumented fuzed projectiles.  The data will also be used to correct or update the models as necessary.  Finite Element Analysis models of the magazine and carriers will be utilized. 

Benet Laboratories:  Benet Laboratories can be utilized to investigate gun tube and projectile wear problems and to determine which gun tube design parameters are most sensitive to muzzle wear.  The assumption is that large lateral tube-projectile interactive forces result in tube and/or projectile wear (rotating band wear and body engraving).  A simulation of gun barrel dynamics will be used to predict the motion of the gun barrel and projectile during firing, and will use the finite element method of analysis to model the tube and, if necessary, the projectile.  The models and simulations can adjust tube design parameters such as tube inner diameter, concentricity, straightness, droop, and rifling; projectile design parameters such as projectile outer diameter, inertial properties, and wheelbase; and other design parameters such as foundation moment, friction, mount points, and pressure travel.

Electronics Proving Ground (EPG) Ft. Huachuca, Arizona:  The M&S capabilities of EPG may be used to support Crusader testing.  The Virtual Electronics Proving Ground (VEPG) includes pure M&S capabilities such as Analysis Software Environment, Electromagnetic Wave Attenuation in a Forest, Global Positioning System (GPS) Predictor, and a Command, Control, Communication, Computers, and Intelligence (C4I) Synthetic Battlefield Environment Laboratory (C4I SBEL).  The VEPG also consists of stimulation and simulation hardware such as the Virtual Battlefield Environment Facility, the Covert Remote Electronic Warfare Simulator, the Advanced Distributed Electronic Warfare System, Instrumentation XXI, and a GPS Instrumentation Suite.  The VEPG facility also utilizes the Army Interoperability Network, the Defense Simulation Internet, Joint Data Base Elements, and DIS.

Ft. Sill Simulation Center:  Reconfigurable simulators and crew consoles will be required  for use at Ft. Sill to support the EUT’s by providing the crew man-machine interface needed to conduct virtual testing in realtime, in concert with live testing at Yuma Proving Ground.  The simulators must be DIS compatible in order to be linked to the actual testing . 

Other Potential Facilities:  As other facilities develop capabilities that offer cost-effective and appropriate alternatives or additions to the existing support for Crusader test purposes, they will be considered.  This may occur due to changes in findings after evaluating certain models, or possibly due to any modifications to requirements that may occur. 

VII.  
FUNDING 


The funds associated with the development and use of M&S assets in support of Crusader acquisition are nearly impossible to separate from the overall  Research, Development, Test and Evaluation (RDT&E) funding outlays through 2005.  Because the development strategy relies heavily on leveraging of M&S, the use of M&S and its associated costs are fundamentally interwoven within total acquisition costs.  It must be noted that all costs associated with M&S are assumed to be investment dollars that will result in net savings over the development cycle.  Validation of these assets is being investigated, and may require additional resources to be invested specifically for this purpose.  Some limited data on funding levels of specific simulations is available and will be provided upon request by OPM Crusader.

VIII. VERIFICATION, VALIDATION, & ACCREDITATION


PM Crusader is developing a M&S VV&A management plan to identify those models that are candidates for some level of VV&A, prioritize them in terms of importance to the program and level of VV&A needed, and identify likely time and fiscal resources required to accomplish needed efforts See Appendix C).  In general, VV&A of constructive and virtual simulation models will be considered based on the level of support provided to design and development and the extent to which Crusader acquisition decisions are affected.  The strategy is being formulated in accordance with Army Regulation 5-11, Army Model and Simulation Management Program, and other Army and Department of Defense M&S guidance documents.  The SCG will be utilized to provide review and recommendations to this process as it is developed, and will be tasked to provide support information for any M&S for which its members are the proponent.


The system simulations and emulations developed by UDLP will be considered for VV&A according to the expectation that information that they provide will directly affect a milestone decision process.  Of particular importance is the ICE, due to its evolution into an end-to-end model of the total Crusader system.  As such, it should be considered for use in performance evaluations and requirements verification at MSII, LRIP, and MSIII.  Therefore, the ICE should be V&V’d as an ongoing process during development, with all simulations/emulators at element level and higher being considered in the V&V planning process.  Since the ICE will be used to support evaluations and decisions, there will be a V&V plan prepared for the ICE as well as an accreditation plan.  The V&V plan will be prepared by a team designated by the SCG.  The Accreditation plan will be prepared by a designated accreditation agent with support from the M&S team shown in figure 12.  The rationale for this action is that if the ICE is accepted as a valid end-to-end representation of the Crusader system, then there will be significantly more opportunities for relying on it to help augment testing and expand the scope of data available for the overall system evaluation process.

IX.  REMARKS/SUPPLEMENTAL INFORMATION


This is the second coordination draft of this document.  Each reviewer is encouraged to provide general comments and is requested to review and provide specific comments to those areas related to his subject/functional area of expertise.  Comments, clarifications, etc., should be provided to:

Office of the Project Manager, Crusader

ATTN: SFAE-GCSS-CR-E (Mr. Wes Beal)

Bldg 171

Picatinny Arsenal

Dover N.J.

Phone: DSN 880-7655

email: wbeal@pica.army.mil
APPENDIX A: ACRONYMS AND ABBREVIATIONS

AFATDS-
-
Advanced Field Artillery Tactical Data Systems

AMSAA
-
Army Materiel Systems Analysis Activity

ARL
-
Army Research Laboratory

ATC
-
Aberdeen Test Center

ATP
-
Automated Test Procedures

AWE
-
Army Warfighter Experiments

BHT
-
Ballistic Hull and Turret

BLRIP
-
Beyond Low Rate Initial Production

BLWE
-
Battle Lab Warfighters Experiment

C2
-
Command and Control

C4I
-
Command, Control, Communications, Computers and Information

CAD
-
Computer Aided Design 

CAE
-
Computer-Aided Engineering

CAM
-
Computer Aided Manufacturing

CASTFOREM
-
Combat Test Arms Task Force Engagement Model

CEP
-
Concept Evaluation Plan

CITIS
-
Contractor Integrated Technical Information System

COEA
-
Cost Operational Effectiveness Analysis

COMPASS
-
Computerized Optimization Model for Predicting and Analyzing Support



Structures

CPU
-
Computer Processing Unit

CRTC
-
Cold Regions Test Center

CSCI
-
Computer Software Configuration Items

CSF
-
Common Simulation Framework

CST
-
Crew Station Trainer

CTS
-
Crusader Training Station

Dem/Val
-
Demonstration and Validation

D&SA
-
Depth and Simultaneous Attack

DIS
-
Distributive Interactive Simulation

DMSO
-
Defense Modeling and Simulation Office

DOM 
-
Dynamic Object Model

DTLOMS
-
Doctrine, Training, Leadership, Operations, Material

DT/OT
-
Development Test/Operational Test


EDT
-
Engineering Design Test

EMD
-
Engineering and Manufacturing Development

Emul
-
Emulator

EPG
-
Electronics Proving Ground

EUT
-
Early User Test

FDT&E
-
Force Development Test and Evaluation

FRP
-
Full Rate Production

FUE
-
First Unit Equipped

GSD
-
Ground systems Division

GUI
-
Graphical User Interface

HiFi
-
High Fidelity

HWCI
-
Hardware Configuration Items

HW
-
Hardware

ICD
-


ICE
-
Integrated Crusader Emulator

I/O
-
Input/Output 

IPT
-
Integrated Product Teams

ITOP
-
International Test Operations Procedure

LD
-
Logistics Demonstration

LFT&E
-
Live Fire Test and Evaluation

LLI
-
Long Lead Item


Lo Fi
-
Low Fidelity

LP
-
Liquid Propellant

LRIP
-
Low Rate Initial Production

LRU
-
Line Replaceable Unit

MACS
-
Modular Ammunition Charge System

M&S
-
Modeling and Simulation

ModSAF
-
Modular Semi-Automated Forces

MOE
-
Measures of Effectiveness

MOP
-
Measures of Performance

MRSI
-
Multiple Round Simultaneous Impact

MS
-
Milestone

MSMO
-
Modeling and Simulation Management Office

MTP
-
Master Test Plan

OPFOR
-
Opposing Forces

OPM
-
Office of the Program Manager

OPTEC
-
Operational Test and Evaluation Command

OPTEMPO
-
Operational Tempo

PA&T
-
Product Assurance and Test

PDRR 
-
Program Definition and Risk Reduction 

PDT
-
Product Development Teams

PEO
-
Program Executive Officer

POC
-
Platoon Operations Center

PPT
-
Pre-Production Test

PQT
-
Prototype/Production Qualification Test

RAM
-
Reliability, Availability, Maintainability

RDEC
-
Research Development and Engineering Center

RLPG
-
Regenerative Liquid Propellant Gun

RSV
-
Re-Supply Vehicle

RTM
-
Requirement Translation Model

SBA
-
Simulation Based Acquisition

SES
-
Simulators, Emulators, and Stimulators

SFR
-
System Functional Review

SIF
-
System Integration Facility

SLAVE
-
Simple Lethality and Vulnerability Estimator

SP
-
Solid Propellant

SPH
-
Self Propelled Howitzer

SRS
-
Software Requirements Specification

SCG
-
Simulation Coordination Group

SSD
-
System Simulation Development

SSP
-
Simulation Support Plan

SSTP
-
System Software Test Plan

STOW
-
Synthetic Theatre of War

STD
-
Software Test Description

STP
-
Software Test Plans

STRICOM
-
Simulation, Trainers and Instrumentation Command

SW
-
Software

TAFSM 
-
Target Acquisition and Fire Support Model

TARDEC
-
Tank and Automotive Research Development and Engineering Center

T&E
-
Test and Evaluation

TEMP
-
Test and Evaluation Master Plan

TECOM
-
Test and Evaluation Command


Tgt
-
Target

TOE
-
Table of Organization and Equipment

TOSOM
-
Threat Oriented Survivability Optimization Model

TSM
-
TRADOC System Manager

TTPs
-
Tactics, Techniques and Procedures

UDLP
-
United Defense, Limited Partnership

VPG
-
Virtual Proving Ground

VV&A
-
Verification, Validation, and Accreditation

VVAMP
-
Verification, Validation, and Accreditation Management Plan

VRM 
-
Vulnerability Reduction Measures

WSMR
-
White Sands Missile Range

YPG
-
Yuma Proving Ground
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APPENDIX C: Crusader Verification, Validation, and Accreditation Management Plan (VVAMP)

Purpose:  The purpose of this document is to set out a blueprint for identifying and managing Crusader resources and schedule for verification, validation, and accreditation (VV&A) of the program’s models and simulations (M&S).  This will ensure that valid M&S information will be available to answer critical issues and impact major program decisions including those at the major milestones.

Scope:  The initial Crusader VVAAMP covers the program through milestone 2 (2QFY01) to the low rate initial production milestone (4QFY03).  Its focus is on managing the VV&A of M&S in the development and test and evaluation (T&E) functional areas; however, it also covers the principal models in the combat development and training functional areas.  The VVAAMP provides a means to manage M&S VV&A level of effort based on considerations such as intended use of the M&S; the customer’s requirements; issues addressed by the M&S and the importance of those issues; development status, use history, and documentation of the M&S product; existing configuration management and control of the M&S product; and required fidelity of the M&S.  Included in this document are sections covering how to determine which M&S products need to be VV&A’d,  how to determine the priority of and level of effort needed for the VV&A, and how to develop a VV&A plan for a model.  Also included are the regulatory requirements concerning who the accreditation authority is for a specific model, as well as some information concerning organizational responsibilities and required resources.

Establishing M&S Requirements:  Before being able to specify particular requirements for accreditation, it is necessary to have a thorough understanding of the M&S application.  When VV&A efforts fail, it is generally due to a failure to define adequately the overall problem and how the models will be used in resolving all or part of the problem.  A clear problem definition and explicit M&S requirements are the Project Manager’s best tools for controlling M&S costs.  The whole purpose of explicitly defining the problem is to provide a common, well-understood starting point for the analysts who must define the application parameters, accredit and run the model, and analyze the resulting data to arrive at a problem resolution.  Without such an explicit statement, there is a significant possibility that analysts, in an attempt to avoid errors, will make conservative assumptions that can lead to gold plating the model or unnecessary VV&A.   Consequently, one of the first steps is to examine the requirements for the Crusader program and decide the types of data or information that will be required to address those requirements.
 The Crusader system needs to satisfy criteria in numerous performance areas as defined in the system operational requirements document (ORD).  Primary ORD requirements are shown below:

Item

Number
PERFORMANCE AREA
ORD CRITERIA

O-1
Range
Max 30km unassisted, 40km assisted; Min 6 km

O-2
Rate of Fire
Max 10-12 rds/min for 3-5 min; Sustained 3-6rds/min until exhausted (min 60 rds)

O-3
Multiple Rounds Simultaneous Impact (MRSI)
4-8 rds within 4 sec, between 5-30km

O-4
Accuracy
Range     Bias     Precision

    (Type in values later)

O-5
Response
Emplaced:  15-20 sec

Moving:    30-45 sec

O-6
Resupply
RSV to SPH:   60 rds<12 min

RSV upload:   130 rds <65 min

O-7
Mobility
Highway Speed:  67-78 kph

Cross-country Speed:  39-48 kph

Cruising Range 405-450 km@47kph

Survivability Move: 750 m in 90 sec

0-8
Reliability
MTBSA:  SPH - 62 hrs/RSV 104 hrs

MTBEFF:  SPH - 34 hrs/RSV 62 hrs

0-9
Transportability
HET transportable

Rail transportable within NATO envel. B 

Air transportable (C5/C17)

Sea transportable (freighter/LARC-LX)

Success criteria are other sources of requirements and apply to the development contractor for the Crusader system.  The success criteria are written at the system level, (Crusader), segment level (SPH and RSV), element level (armament, mobility, survivability, and others), subsystem level (cannon), and component level.  Success criteria are contractual requirements which, if not met, can result in rejection of the item to which the criterion applies.  System level success criteria are shown in the table below.  Criteria for segment and element are not shown here but are likely to be used in determining the overall Crusader model VV&A requirements in the management plan.  The criteria not shown here are found in the Master Test Plan (MTP), Volume 3.

Milestone II Success Criteria

Critical Item
PDRR Requirement
MTP Req’t Verification Plan Paragraph

Range (SPH only)
Maximum assisted range of at least 40 Km.
1.24


Maximum unassisted range of at least 30 Km.
1.24


Minimum range (@200 mils elevation) not to exceed 6 Km.
1.24

Rate of Fire (SPH only)
Maximum rate of fire of at least 10 rounds per minute for 3 consecutive minutes.
1.30


Sustained rate of fire of at least 3 rounds per minute for 10 consecutive minutes.
1.30


Sustained rate of fire immediately follows maximum rate of fire.
1.30

Multiple Round Simultaneous Impact (MRSI) (SPH only)
Fire a MRSI mission at 10 Km range with a minimum of 4 rounds impacting within 6 seconds.
1.21


Fire a MRSI mission at 30 Km range with a minimum of 4 rounds impacting within 6 seconds.
1.21

Responsiveness (SPH only)
Respond to a fire mission request within 20 seconds when emplaced.
1.20




Respond to a fire mission request within 45 seconds when moving.
1.20

Accuracy (SPH only)
The contractor shall demonstrate predicted fire accuracy at 35 Km range and achieve a bias error not to exceed 253 meters. (assuming 1 hour MET)
1.29

Resupply (SPH only)
Automatic docking with the RSV, rearm of at least 60 complete rounds, and undocking with the RSV in no more than 12 minutes.
1.27


Automatic ammunition exchange with the RSV in no more than 20 minutes.
1.27

Resupply (RSV only)
Upload:  The RSV must be able to be uploaded by the crew with 130 complete rounds in less than 65 minutes from a Combat Configured Load (CCL) on a PLS truck, or grounded flatrack.  Additionally, the RSV must be able to completely refuel from a tanker within this time span given that the tanker is in the same location as the CCL.
1.27


Payload:  The RSV must have the capability to transport 130 complete rounds.
1.27


Rearm of RSV:  Once the vehicles (RSV and SPH) are within 8 meters of each other, and respective resupply ports are facing each other, the RSV must be able to resupply (dock transfer and undock) SPH with 60 complete rounds, on slopes (in any direction of up to 10 degrees between vehicles (resultant angle) in any operational condition) in 12 minutes or less.
1.27

Mobility
Maximum cruising range of at least 405 km.
Maximum sustained speed on a level, hard surface road of at least 67 km/hour
1.8  & 1.18


1.8 & 1.18


Maximum sustained cross-country speed (180 lb/ton rolling resistance) of at least 39 Km/hour.
1.8 & 1.18


Survivability move of at least 750 meters in no more than 90 seconds.
1.8 & 1.18

Survivability
Force survivability (SPH/RSV battalion) of at least *% (by analysis).
M&S, Analysis, Classified Testing


% non-perforation of the vehicle by HE fragmentation of at least *%.
M&S, Analysis, Classified Testing


% non-perforation of the vehicle by 12.7 mm AP of at least *%.
M&S, Analysis, Classified Testing


% non-perforation of applicable vehicle areas by DPICM of at least *%.
M&S, Analysis, Classified Testing 

Reliability
System mean time between F1 failures of at least 28 hours (43 hrs for RSV) capabilities (point estimates).
1.34


System mean time between F2 failures of at least 14 hours (24 hrs for RSV) capabilities (point estimates).
1.34


System mean time between F3 failures of at least 7 hours (8 hrs for RSV) capabilities (point estimates).
1.34

Maintainability
At least 60% of the non depot level maintenance tasks shall be capable of being performed by crew or unit mechanics.  This requirement may be met by analysis.
1.35

Transportability
HET transportable by analysis
M&S


Rail transportable within NATO envelope B by analysis.
M&S


Air (C5/C17) transportable by analysis.
M&S


Sea (freighter/LARC-LX) transportable by analysis.
M&S

Crew Size
The SPH shall be operable by 3 crewmen over a continuous 72 to 96 hour (TBR) scenario.
1.36

Combat Loaded Weight
Combat loaded weight shall not exceed 50 metric tons (55 tons) at the time of the system’s initial fielding.
Inspection

Exit criteria are a third source of requirements; they are used to permit an acquisition decision when one or more of the critical program elements meet a level for acceptable decision risk with confidence that the level will improve to the required value by the full production decision.  Exit criteria typically comprise a subset of the success criteria.  The existing exit criteria pertaining to Crusader are shown in Crusader Exit Criteria.  As exit criteria are developed for later milestones, they will become useful sources of M&S requirements as well.

CRUSADER Product Development/Risk Reduction (PDRR)

Crusader Exit Criteria

1. Demonstrated the ability of the SPH to deliver high volume fires and thermal management of either a weapons hardstand or prototype by conducting four 15 round fire missions at a rate of no less than 6 rounds per minute and simulation 10 rounds per minute for three minutes.

2. Demonstrate on either a weapons hardstand or prototype the ability to conduct automated firings by pointing, loading and firing (Projectiles  and appropriately zoned propellant), 4 four round MRSI missions will all rounds impacting within 8 seconds.

3. Perform a survivability move of at least 750 meters in 125 seconds, emplace the SPH and achieve a ballistic solution in 65 seconds.

4. Upload the RSV with 100 complete rounds (projectile, propellant and fuze) in 70 minutes using 2 projectile types.

5. Demonstrate docking and transfer of 40 complete rounds (Projectile, propellant and fuze) RSV to SPH and undock in 13 minutes.

Once the necessary data requirements are established, one should begin to lay out the potential sources for those data. This can be done by establishing reasonable and complete M&S requirements.  M&S requirements are, in simple terms, statements of what the model or simulation is expected to do and what is needed to run the model.  M&S requirements can be stated in terms of criteria that candidate models must meet in order to be considered acceptable for use in an application.  Comparing these requirements with the information available about a model identifies model deficiencies, and can aid in specifying requirements for V&V that will lead to a better understanding of the model’s strengths and weaknesses.

 M&S requirements can be grouped into three categories:  functional, fidelity, and operating.  Functional requirements are system features or functions, political or environmental conditions, physical phenomena, or personnel actions that have an important impact on the ultimate solution of the problem and, therefore, must be represented in a simulation.  In all probability, the interactions between these represented entities must also be simulated by the model or simulation.  The functional requirements proper to individual applications will be influenced heavily by the nature, depth, and breadth of the application scenario as well as the purpose and objectives of the application.  Defining functional requirements begins with identifying those model outputs that are required to calculate the key metrics.  Once model outputs have been identified, a user can identify contributing functions that are likely to have a direct impact on model outputs, and then prioritize them in terms of their potential impact on measures of merit (MOM’s) values and problem outcomes.

Fidelity requirements can be defined as the degrees of correlation between model outputs and real world phenomena that are necessary for credible use of a model for a particular problem.  They can also be looked upon as the acceptable errors that can be tolerated in model outputs before problem outcomes will be grossly affected or problem decisions will change from one state to another.  Fidelity requirements are generally determined through sensitivity analyses performed on the problem MOM’s.

Operating requirements address practical issues surrounding the operation of software for use in the intended application.  The goal is to characterize the computational environment in which the model must be used so that the resources and capabilities available to the model user can be compared with actual model usage requirements as defined, for example, in a User’s Manual or other model documentation.  This comparison leads to the identification of unmet operating requirements that must be addressed before the model can be properly and effectively used.  It is rare that unmet operating requirements alone will derail an accreditation effort.

Appendix E displays a list of models that may be used to address some of the requirements for the Crusader program.  However, although this list may not be exhaustive, it may contain models that really have very little chance of being used in the program.  The developer should carefully scrub this list of models to try to pare it to only those that have a reasonable chance of being used in the program. The selection of candidate models that totally comply with all problem requirements is usually not feasible except in the case of very simple problems.  In most cases, the available models will have some functional limitations that must be addressed with model changes or work-arounds.  Once this is done, the next step is to establish a matrix of the uses of the models, both in terms of specific requirements to be addressed and in terms of phases of development.  These steps go a long way in aiding the choice of the appropriate models to then provide the requisite data.  These steps also then help focus the VV&A efforts for the various models chosen.

VV&A Definitions:  VV&A consists of three major components.  Verification is the process of determining that a model implementation accurately represents the developer’s conceptual description and specifications.  Validation is the process of determining the degree to which a model is an accurate representation of the real world from the perspective of intended uses of the model.  Finally, accreditation is both a process and an outcome wherein the user of the information provided by the M&S product certifies that the information is applicable, with acceptable risk, to the intended use.

Verification is accomplished by first decomposing the M&S into its functions.  The idea that V&V should be conducted at the functional level rather than at the subroutine or overall model level is an essential element of cost effective V&V.  Breaking the model into its functions encompasses identifying and describing major functional capabilities of the model as well as the functional elements that implement each capability.  This can allow streamlining of V&V efforts by permitting parallel execution of V&V tasks on the functional elements common to several models.  Other tasks of verification include assessing the quality of the software in terms of its conformance to accepted coding practices; identifying model assumptions, limitations, and errors; producing design documentation; performing logical verification by comparing the model with modeling requirements of the problem at hand to determine whether the model can reasonably be expected to produce results that are realistic enough; performing code verification to ensure that design requirements have been satisfied and that the algorithms and equations being used are properly implemented in the software; and documenting the results of the verification effort.

Validation tasks include conducting sensitivity analyses, with priority given to those functions expected to have the largest impact on overall model results; performing face validation, which is a subjective evaluation of model outputs against expectations of a group of subject matter experts; performing results validation; and documenting the validation results.

A determination for accreditation depends on a comparison between the modeling requirements determined by how the model is going to be used in an application and what is known about the model’s capabilities and characteristics.  This comparison should result in a logical rationale that justifies accreditation.  If any deficiencies are identified as a result of the comparison, some means of correcting or mitigating them must be developed to justify accreditation of the model.  The model might be modified to correct the deficiency, some type of work-around might be used, or some restrictions might be placed on model use or data interpretation.  The accreditation process begins with execution of any non-V&V tasks identified.  Non-V&V tasks typically involve the collection of data about model characteristics and development background that are usually available in model documentation or through the model manager.  These include such things as configuration management attributes; documentation; VV&A status; usage history; and hardware, software, and interface attributes.

Regulatory Requirements:  The Department of Defense requires that almost all M&S affecting acquisition decisions be accredited for use in the required application.  Included under the pertinent regulations are models used for education and training; analysis; test and evaluation; research and development; and production and logistics.  System training devices and embedded tools that do not communicate outside the host system are the only types of M&S specifically excluded.  The regulations further stipulate who is responsible for conducting VV&A.  If a M&S is under Army control and a V&V proponent has already been established, that command is responsible for conducting the VV&A effort.  If a M&S is under Army control and is used by only one agency, that agency has responsibility for the VV&A effort.  If, however, an Army-controlled model is used by several agencies, the predominant user or the chair of the established users’ group has responsibility for the VV&A effort.  If a M&S is under development, the sponsoring agency is responsible for conducting the VV&A effort.  For any contractor models, the Army sponsor will ensure that VV&A is performed when deemed necessary.  This can be accomplished by including requirements for documentation of VV&A activities and stipulating acceptability criteria in documents such as the request for proposal and statement of work.  Verification, in particular, should normally be accomplished by an independent agent, but the M&S proponent ultimately has responsibility for ensuring accomplishment. 

Determination of the Need for VV&A:  Each model must have its status examined as illustrated in the flowchart below.
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Walking through this process for a particular model results in a determination of whether or not the model is required to undergo some form of VV&A.  What results is a determination of need for no action, accreditation only, or VV&A.  (The chart has been simplified here by treating accreditation and VV&A as being equivalent actions.)

Determination of Priority of VV&A of M&S:  Once it has been determined that VV&A is required for a model, it is necessary to determine the priority that should be given to the VV&A effort for the model in question.  The VV&A decision table that follows expands on the information shown in the flowchart shown above and provides a mechanism to prioritize the VV&A efforts.

VV&A DECISION TABLE

STEP

YES
NO
V&V
Accredit
VV&A

not Req’d
PRIORITY

1
Does the model provide data to directly address a critical item?  

‘Y’ Go to 2

‘N’ Go to 4







2
Are those data available from another source that is already considered valid (acceptable)?

‘Y’ Go to 4

‘N’ Go to 3







3
Has model been V&V’d for the intended use?

‘Y’ Insert ‘Y’ in 

    ‘Accredit’

‘N’ Insert ‘Y’ in ‘V&V’

     and ‘Y’ in ‘Accredit’

Insert ‘1’ in PRIORITY 

Go to next model.







4
Is the model needed to extend the domain of critical item information? *

‘Y’  Go to 5

‘N’  Go to 6







5
Has model been V&V’d for the intended use?

‘Y’ Insert ‘Y’ in 

    ‘Accredit’

‘N’ Insert ‘Y’ in ‘V&V’

     and ‘Y’ in ‘Accredit’

Insert ‘2’ in PRIORITY

Go to next model.







6
Does the model provide input to another model which is used to address a critical item?

‘Y’ Go to 7

‘N’ Insert  ‘Y’ in ‘VV&A not Req’d’

 Go to next model.







7
Are those data available from another source that is already considered valid (acceptable)?

‘Y’ Go to 9

‘N’ Go to 8







8
Has model been V&V’d for the intended use?

‘Y’ Insert ‘Y’ in ‘Accredit’

‘N’ Insert ‘Y’ in ‘V&V’ and

        ‘Y’ in ‘Accredit’

Insert ‘2’ in PRIORITY

Go to next model.







9
Is the model needed to extend the domain of the input to a model supplying critical item information?

‘Y’ Go to 10

‘N’ Insert ‘Y’ in ‘VV&A not Req’d’

Go to next model.







10
Has model been V&V’d for intended use?

‘Y’ Insert ‘Y’ in ‘Accredit’

‘N’ Insert ‘Y’ in ‘V&V’ and ‘Y’ in ‘Accredit’

Insert ‘3’ in PRIORITY

Go to next model.







* The domain of critical item information is presumed to have some minimum size required to answer the critical issue.

Determining the Level of VV&A Required:  Once one determines that a model requires VV&A to some level, that level needs to be determined consistent with the Crusader program’s major milestones and the nature of the model itself.  General factors that are considered include the user’s requirements for the M&S, prior experience with the model, the size and complexity of the model, whether it is still under development, whether an acceptable V&V plan exists, and whether documentation is or will be complete when the model is to be run.  The key issue for the level of effort for VV&A is the program resources that need to be devoted to achieve an acceptable level of confidence or credibility in the M&S with the model user and the program decision makers.


Crusader models that have been identified for VV&A will receive at least one of the VV&A levels defined below:

a.  Audit Level with Historical Accreditation


The audit level is an overview examination of the model’s documentation, past use history, previous VV&A including simple accreditation, and an assessment that the model is suitable for the user’s applications.  An audit level assessment should be able to be performed in one week to a month and would produce a short report on the model’s ability to be accredited for the user’s application.  For the case where an audit level will recommend continuing the existing accreditation, the audit will have found that the M&S as previously accredited still meets the user’s requirements.  If the existing accreditation is found to be not applicable or insufficient, then some action, which may include model modification or verification and validation, is needed.  Answering ‘yes’ to all of the following questions results in selecting this level of VV&A:

1)  Is the model a legacy code?

2)  Has the model been VV&A’d before and was it reasonably well done?

3)  Does the model fit the user’s requirements directly?

4)  Are the model and its results generally accepted at large?

b.  Audit Level with Updated Accreditation


While the audit assessment is most appropriate for existing models, the audit can still be applied to existing models that have undergone a bit of additional development to get a quick check on whether the development effort is well defined in terms of the user’s intended application.  Here, the audit would result in an updated accreditation based largely on previous accreditation.  New features would be accredited in the update.  It should be noted that if the audit assessment identifies new risk areas with the model development, the audit would be followed by another, broader, confidence assessment to be done in parallel with the development.  These assessments are described next.  Answering ‘yes’ to the following checklist of questions results in selecting this level of VV&A for the specific model:

1)  Is the model a legacy code with only a few newly added features?

2)  Has the model been VV&A’d before and was it reasonably well done?

3)  Is the model with its new features likely to fairly directly fit the user’s requirements?

4)  Are the model and its results generally accepted at large and would a check test of new features likely be accepted by subject matter experts?

c.  Limited Assessment


The limited assessment looks for risk areas in applying the model to the user’s requirements.  It does a check of the V&V of the conceptual model, the computer model, input data, and output results against real world information.  Typically, a limited assessment would take several months (6 or less), but the timeframe is dependent on the size and complexity of the model, as well as the level of confidence needed by the user.  The limited assessment produces a report that discusses the degree to which the model meets the user’s requirements, discusses the bounds on the model’s domain, provides at least a face validation of the model by subject matter experts, and provides the basis for accrediting the model.  The following provides a list of questions that if answered affirmatively will result in selecting this level of VV&A:

1)  Although not previously VV&A’d for the intended application, does the model have a VV&A history that can be leveraged?

2)  Are the model results expected to directly impact acquisition decisions at Department of the Army or Department of Defense levels?

3)  Is high confidence required in the model results?

d.  Full Assessment


The full or formal assessment includes the elements of the limited assessment but goes into greater depth in identifying risk areas in applying the model.  This level of assessment normally would take more than 6 months; a year or more would be reasonable for new, large scale, system level models with complex interactions.  Answering ‘yes’ to the following questions results in selecting this most stringent VV&A level.

1)  Is the model being developed specifically for the Crusader program?

2)  Are the model results expected to directly impact acquisition decisions at Department of the Army or Department of Defense levels?

3)  Is very high confidence required in the model results?

Data Collection for VV&A:  The table that follows provides the basic information that should be collected for each candidate model.

MODEL INFORMATION TABLE

M&S
Model 1
Model 2
Model 3
Model 4
Model 5

Type of M&S






   Engineering Design






   Item Level Performance






   Force-on-force






   Reliability






   Cost






   Constructive or Virtual






   System Level or






   Segment Level or






   Component Level






Functional Area






   Engineering Development






   Test and Evaluation






   Combat Development






   Training






Intended Use Known?






Customer's Requirements Known?






Fidelity Required for Main measures of Merit

(H, M, L)






Do Issues Address






   ORD/KPP






   Exit Criterion






   Success Criterion






Development Status of M&S (Partial or Full)






   If Partial, % Complete






Use History






   Past Application to Similar Problem? 






Existing Documentation






   Analyst Manual






   Users Manual






   Accreditation (Y/N.  If Y, then date)






Past V&V Efforts (Y/N.  If Y then year completed)













V&V Required 






   Estimated Level (Audit, Limited, Full)






   Required Completion Date






   V&V Proponent






Accreditation Authority






   Required Completion Date(s)






Developing a VV&A Plan:  The objective of VV&A planning is to ensure that all V&V efforts are focused on justifying the accreditation decision.  Careful planning will minimize the chance that any V&V activities will be undertaken without a specific justifying requirement.  The first step in the planning is to determine the accreditation requirements.  Accreditation requirements fall into three categories:  V&V data requirements, non-V&V data requirements, and documentation requirements.  The task of determining V&V requirements can be broken down into a series of sub-tasks.  The starting point is a determination of what types of V&V or other information are needed to justify an accreditation decision.  Existing data that match these requirements are collected and used to evaluate whether or not the M&S requirements are satisfied.  This comparison leads to identification of information voids.  The voids are then analyzed to determine which ones are critical; appropriate V&V tasks are then identified to fill those critical voids and are added to a consolidated task list.  Non-V&V requirements encompass needs for information that is not obtained through traditional V&V activities.  This “other” information includes basic information about the model normally found in model documentation or other documentation produced by the model manager or configuration manager.  Non-V&V information is typically needed to determine how well the model fulfills operating requirements associated with the application.  The same steps taken to determine V&V data requirements apply to non-V&V data requirements as well.  Requirements for accreditation documentation include the specification of which documents must be prepared, as well as the format and content requirements for each.  The sources of these requirements are service or DoD policies, accreditation authority requirements, and any special requirements due to archiving compatibility.  All of the accreditation requirements should be succinctly summarized and recorded as the basis for eventual accreditation.  This summarized list of accreditation requirements will serve as a checklist of items to be reviewed as part of the accreditation assessment.  These accreditation requirements should be documented in the accreditation plan.

The next step is doing the actual planning of the V&V and other data collection efforts.  An accreditation plan includes plans for performing V&V tasks, collecting non-V&V data, assessing the results in light of the accreditation requirements, and documenting both the V&V and assessment results.  In the cases of the V&V tasks, the non-V&V tasks, and documenting the results,  the first step is to identify and then prioritize the tasks.  Once the tasks are identified, the resources required to accomplish the tasks can be identified.  Then a schedule is established to execute the tasks, and responsibilities are assigned to appropriate people.

The third necessary element of the planning process is to develop plans for assessing the suitability of the model for the intended application.  There are two commonly used approaches to performing an accreditation assessment.  The first is to place the responsibility on the primary analyst who obtains and interprets the model results.  If this approach is used, the plans for accreditation assessment should address issues such as:  ensuring that specific criteria for evaluating the model’s suitability are clearly documented and utilized; determining what actions will be taken if criteria are not specific; identifying what steps will be taken if the model does not fit the criteria; identifying the reviews that will be done on the analyst’s findings; and identifying sources of assistance if other problems arise beyond the assessor’s technical capability.  The second commonly used approach for performing an accreditation assessment is the use of an expert review team.  If this approach is used, there is significantly more planning that is necessary to make such a team assessment effective.  Planning for an expert team assessment must address team composition, team leader selection, assessment criteria, methods for resolving differences of opinion, the mechanics of running and supporting the assessment meetings, financial support for team members, and documenting the team’s findings.  If these issues cannot be definitively planned during the planning phase, which often takes place several months before the assessment is actually done, the assessment plans must at least identify who will do the detailed planning, when it will be done, and who will be responsible for implementation.

VV&A plans should be developed in the same priority order as determined for the VV&A efforts for the models themselves.

REFERENCES:
Crusader Master Test Plan, Volume 3, UDLP

Draft System Evaluation Plan, EAC

DoD VV&A Recommended Practices Guide, 1996

SSP Guidelines, SARDA, 1997

“VV&A From A to Z”  A SMART Approach to VV&A for Acquisition M&S, Joint Accreditation


Support Activity, Naval Air Warfare Center, 1997

APPENDIX D: Equipment Type Descriptions and Application


The following types of equipment will be needed to support the development activities carried out in the SIF.  Actual quantities are identified in figure D1 as they support each SIF entity.

Workstations: All UNIX workstations will be networked throughout the SIF to a central file server.  Two different types of workstations are required: a model development workstation and an emulator workstation.  The model development workstation (e.g., Sun Ultra 1) will be used to create and manage low and high fidelity models generated in support of the SES process.  The configuration of this workstation will include sufficient resources to accomplish the tasks identified above.  The development workstation (e.g., Sun Ultra 2) will be dedicated to emulator interface, which may include software/hardware/electronics development, integration and testing, rapid prototyping, data analysis, user interface tasks testing and simulation.  This workstation will include sufficient resources to accomplish these tasks.  

Emulators:  Emulators (e.g., VME-bus based expandable systems) are self-contained data processing systems on the network that are individually capable of implementing high fidelity real-time emulations of subsystem hardware/software or environmental simulations/stimulations.  The emulators will be capable of implementing prototype subsystem designs that may have been produced by COTS prototyping tools such as Matrix X.  The emulators will be capable of emulating, in real-time, any device on any of the vehicle’s data buses, and/or providing real-time sensor outputs to the bus or other devices, and actuator/load simulations via the SAIU.  Some of the bus emulators will require unique features.  This may include analog to digital conversion, digital to analog conversion, digital to resolver conversion, special processing, digital/serial/parallel I/O, and special memory.  The emulators will have common interfacing and processing features but will be tailored as required by each of the subsystems.  The basic features should include at least one high performance CPU that is equivalent (e.g., commercial version) to the target CPU for the vehicle, an Ethernet interface for T and M (possibly on the same board), a bus adapter to the real-time, synchronous data acquisition and control bus, and a bus adapter to extend the bus emulator’s bus.  A bus adapter to the vehicle’s interprocess bus (i.e., high-speed data bus) may also be provided.

The basic emulator should also implement a common real-time operating system (e.g., VX-works) and interact through its Ethernet interface using (e.g., TCP/IP, CORBA).  The emulator should support the boards/features that the subsystem emulation requires on an individual basis.  In general, the basic emulator will be similar to the VME-based bus emulator used in the HLSIM for the Bradley Fighting Vehicle A3 Electronic Control System.  In cases where a subsystem requires a feature/board support that is not achievable using the basic emulator, and where the subsystem emulation does not require high bandwidth communication of the common simulation environment with other emulators, other COTS products (e.g., AC-100) may be used in combination with the basic emulator to address the specific needs.

Graphics Work Stations:  Graphics Work Stations (e.g., Silicon Graphics Maximum Impacts, Octanes) are utilized to develop solid 3D models, to execute simulations/models for engineering design and front-end analysis and to develop models for the visual simulation, and to monitor/display 2D or 3D graphics that represent situational displays of vehicle subsystems.  Graphics workstations will also be used to generate simulated environments for development and testing purposes applied to the SES process.

The processors provide the same capabilities as the development workstations, but additionally possess special hardware, and software that processes face-boundaries, occlusion, hidden line and rendering to support 3D graphics with near real-time (30 Hz) performance.  The processors also include monitors and drivers for display as well as auxiliary input equipment.  They can also access the CDE in the same fashion as ordinary workstations, but additionally support specialized graphics development packages.

Real Time Graphics Processors:  The real-time graphic processors (e.g. Silicon Graphics, ONYX) are utilized in the visual simulation to provide high fidelity 3D graphics for real time simulated “out-the-window” or simulated monitor views.  Real-time is defined as the rate by which the visual scene is updated. 

The processors implement the models developed on the non real-time graphics work stations.  The number of models in the field of view depends on the simulated scenario, the real-time geometry and the viewer’s eyepoint(s), therefore the number of face boundaries to process is variable and may be large.  The real-time graphics processor will be capable of processing multiple independent and simultaneous views consisting of but not limited to terrain, other moving vehicles and obstacles in real-time with processing lags from controller to monitor of no more than 0.5 seconds.

File Server/Network: The file server (e.g., UltraSPARC 1000) provides file services to all clients on the SIF network.  The server will have high speed access to mass storage, including the CDE, office software packages, CASE and CAE tools, configuration and file management tools, as well as Web site development utilities as needed.  The server will also have lower speed mass storage devices such as a read/write CD and tape.  The file server will also have a backup system that is capable of performing automated and scheduled backups.  The SIF network and server will be protected by a COTS firewall if internet access is implemented.  Additional local area networks, as part of the SIF network, will be implemented as needed.

Table D1. SIF equipment needs per SIF area

Area of Use
Workstation
Bus Emulator (AC-100)
Graphics Processor (Indigo)
SPARC File Server
Real Time Graphics Processor (Onyx)

Army Assembly & Integration Area
0
0
0
0
0

Army HW/SW Integration Area
4
0
0
0
0

Army Material Storage Area 
0
0
0
0
0

Army Modeling & Simulation
0
0
8
0
0

Army Secured Development Area
0
0
0
0
0

Automotive Controls Development
5
3
0
0
0

Automotive Mechanical Development Area
0
0
0
0
0

C4 Development Area
18
4
0
0
0

Firepower Controls Development
9
3
0
0
0

Firepower Mechanical Development Area
0
0
0
0
0

Joint On-Site Office Area
0
0
0
0
0

Joint Visual  Integration Lab
0
0
0
1
2

Resupply Controls Development
9
3
0
0
0

Resupply Mechanical Development Area
0
0
0
0
0

System Demonstration Area 
4
0
0
0
0

Test
0
0
0
0
0

Training Development Area
1
0
0
0
0

APPENDIX E:  List of General Models for M&S 

It will be important to catalogue and control the models and simulations used for decision making.  A unique general model number should be used to reference general models or tools planned to be used in making decisions.  Table E1 shows the list of general models.  The table of general models is used as a repository for reference. 

The list of models in the table below represents a partial list that will grow and change as test and evaluation plans are developed and refined and find a need for additional models.  Due to the dynamic nature of the table, it will be permanently maintained in a database in the Contractor Integrated Technical Information Service (CITIS).  It is the hope that this database will be encompassing enough to answer the needs of anyone involved with the M&S in Crusader. 

Table E1: List of General Simulation Models/Tools

General

Model/Tool 

Name
General Model/Tool

Number
General Model/Tool Description

Non-real-time Armament Model
1
Non-Real Time-Armament Dynamic Subsystem Models (Gun Drives and Projectile Loading Drives).: Physics based models of drives, load dynamics, sensors, and external disturbances.  Models will be built in an environment to allow frequency and time based analysis. It will model physical dynamics with sufficient fidelity to aid in the development of control algorithms.  The simulations will help verify design meets accuracy, time, power, etc. requirements.  Analysis of models also helps make recommendations to mechanical, electrical, and software systems in concept and preliminary design phases.

Real-Time Armament Model
2
Real-Time Armament Integrated Dynamic System Hardware Models (Gun Drives, Projectile Loading Drives, and Sensors):Physics based models of drives, load dynamics, sensors, and external disturbances.  Models will be built in an environment to support rapid prototyping with real-time hardware.

Non-real-time Armament Model
3
Non-real time Armament Integrated Dynamic System Model (Gun Drives, Projectile Loading Drives, Surrogate Breech):Integrated physics based models of drives, load dynamics, sensors, and external disturbances.  Models will be built in an environment to allow frequency and time based analysis. It will model physical dynamics with sufficient fidelity to aid in the development of control algorithms.  The simulations will help verify design meets accuracy, time, power, etc. requirements.  Analysis of models also helps make recommendations to mechanical, electrical, and software systems in concept and preliminary design phases.

Real-Time Armament SS Models
4
Real-Time Armament Dynamic Subsystem Servo Control Models (Gun Drives and Projectile Loading Drives Servo Control and Sensor Interface).Simulates the servo control and sensor interface portion of the target controller. Models will be simulated in a real-time environment to allow frequency and time based analysis.  These models will be used to test the control algorithms on the flywheel teststands followed by both the simulated hardware and target hardware. It will model physical dynamics with sufficient fidelity to aid in the development of control algorithms.  The simulations will help verify design meets accuracy, time, power, etc. requirements.  Analysis of models also helps make recommendations to mechanical, electrical, and software systems in concept and preliminary design phases.

Armament ME&CAD solid models
5
Solid models of all parts and assemblies.  Supports creation of machining and assembly drawings, initial FEA analysis, interference analysis, and weight analysis

Armament Kinematic Analysis models
6
Kinematic models of armament mechanical assemblies to analyze the interactive forces, torques and motions between components.

Armament Gun Recoil Model
7
Kinematic model of gun recoil mechanism to analyze the interactive forces, torques and motions between components.

Armament Finite EA Models
8
Structural model of mechanical components to determine stress, strain, compliance, fatigue, deformation, and resonances of these components.

Armament Functional Behavior Model
9
Functional model of cannon behavior used for determining Cannon timeline, including power & cooling draw vs. time for ROF and MRSI.

MRSI Accuracy Assessment Simulation
10
Monte Carlo MRSI Accuracy Assessment Simulation

Gun to Target Distribution Model
11
Algorithm checkout for zone solution performance

Armament Hydraulic Power Model
12
Generic Hydraulic Power draw model - currently configured for ATD

Armament General Trajectory Program
13
Government provided exterior ballistics simulation, to determine Exterior Ballistic performance for given MVs, QEs, MET and projectiles

Armament Database Generation Program
14
Uses Government provided exterior ballistics simulation (GRAJ3). Generates flight partial derivatives. Has option to interpolate/extrapolate ballistic database coefficients for non-bag charge MVs

Ballistic Computation Technology (BCT)
15
The BCT Simulation is a FORTRAN simulation of the portions of the BCT algorithms which interact heavily with the trajectory model.  The trajectory model used in the simulation is a modified version of the GTRAJ3 trajectory model obtained from ARDEC.  The BCT Simulation simulates a mission which is defined as the total firing sequence of up to 4 clustered vehicles aimed at one target.  The target may be stationary (1 engagement point) or moving (3 engagement points).  In the simulation, a mission segment is defined as the set of firing solutions for one vehicle against one engagement point.  Thus, there may be up to 12 mission segments for each mission.  A firing solution for a single mission segment consists of a list of the firing parameters for each round assigned to that vehicle for that engagement point.  The BCT Simulation is structured to calculate either full or perturbed firing solutions, depending on input test conditions.  All analysis and results for the perturbed firing solutions are provided in Section 6.10.  If a full solution is required, the simulation calculates firing solutions to center of target for each ballistically independent shell/fuze type (ballistic class), and performs Trajectory Optimization and Firing Solution Calculation.  Each of these algorithms in turn, uses the support algorithms:  Closure Algorithm & Trajectory Model, Air Corridor Checks, and Intermediate Crest Checks.  If a perturbed solution is required, and the simulation has already calculated a reference solution to be used in the perturbation, additional partial derivatives are calculated as needed for perturbations.  A perturbation algorithm uses Air Corridor Checks to check the perturbed solutions.  Once the perturbed firing solutions are obtained, the simulation calculates trajectories for these firing solutions to allow accuracy evaluation of the perturbed solutions.

Armament Statistical Error Analy-program
16
Error analysis program relating MV errors to CEP, exterior ballistic performance

Internal Communications Model
17
Crusader/POC Radio Interface Concept

External Communications Model
18
POC/battlefield Radio Interface Concept

Radio Combat Network Simulation
19
SPH/RSV Radio Interface Concept

Tactical Information Model
20
Validation of FATDS to Tactical Information Manager Flow

SMI Screen Prototype
21
User Interface Layout and Sequence Concept to solidify requirements for the crew station interface

Decision Aid Screen Prototype
22
Decision Aid Concept Evaluation for CEP 1

Fire Mission Planner Prototype
23
Fire Missions Planner Concept

Resupply/Upload Planner Proto RSV/SPH
24
Resupply/Upload Planner Concept

Maintenance Planner Prototype
25
Maintenance Planner Concept

Training Planner Prototype
26
Training Planner Prototype

Fire Mission Queuing Model
27
Fire Missions Queuing Rejection, Resource Allocation, and Prioritization Concept.

Task Management Prototype
28
Crew Task Management Concept

Route Generation Prototype
29
Route Generation Concept and Feasibility

Embedded Training System Prototype
30
Training Concept

Prognostics Prototype
31
Prognostics Concept and Knowledge Base Generation

Site to Crest Generation Prototype
32
Site to Crest Concept and Feasibility

Survivability Planner/Advisor Prototype
33
Survivability Concept and Knowledge Base Generation

Integration and Test Platforms - ICE
34
(External system, other element, internal subsystem, and internal hardware interface level drivers with scripting capability) for Integration and Test Facilitation for CSU Unit Test, CSU/CSCI/Element Integration, and CSCI/Element Qualification Testing. Integrated Crusader Emulator (ICE)

Navigation Test Lab
35
Hardware checkout and Integration for Pos/Nav Equipment

Crew Module Demonstrator
36
Integration and Test Facilitation. User evaluation stand alone.

Full scale mockups
37
Mockups of Fire control sights, defensive armament fire control, crew stations including seats, in cab stowage accommodations, Ingress/egress accommodations, communication equipment - for early visualization and validation of MANPRINT and Space Claim Requirements for the crew compartment and equipment.

Vehicle Transient Thermal Model
38
The Crusader operates in a dynamic environment with time-dependent cooling and heating requirements.  A Vehicle Transient Thermal (VTT) model will be developed for the SPH and the RSV to assess thermal interactions for both crew and non crew spaces.  This thermal model will be used to determine the temperature in various parts of the vehicle in diverse operational scenarios, and the resulting impact on heat generation from the gun tube, combustor, inner and outer pistons, and recoil cylinders.

The prediction of operational scenario-dependent heat generation by the VTT will help define the requirement of the overall vehicle thermal management system.  The VTT model can then be used to assess the performance of  alternative thermal management systems in tradeoffs of cost, weight, volume, and performance, resulting in down-selection of potential configurations.

Gunfire Dynamics Model
39
A model of the SPH dynamic response to gun firing will be constructed to examine second-round accuracy degradation as a function of firing interval, vehicle orientation, and gun tube firing position.  Various projectile and charge combinations will be modeled.  The gunfire dynamics model will include models of the gun tube, recoil mechanism, gun pointing mechanism, turret, hull, suspension system, and ground.

Blast Overpressure Model
40
A model of gunfire blast overpressure effects will be built using available coupled fluid/structure interaction models.  The results of the blast overpressure model will be used as inputs to other structural, shock, and ergonomic models to estimate the effects of muzzle blast on the SPH vehicle, internal equipment, and crew.  The model will also provide a basis for estimating blast overpressure contributions from various muzzle brake configuration options.

Feedback Control w-domain Model
41
Frequency domain models of combat vehicle actuator drives, sensors, and peripheral equipment will be developed to support the design of servo and interface control systems (e.g., the cannon elevation and azimuth control loops).  These models will run in a computer-aided design (CAD) environment to facilitate dynamic simulations and performance monitoring.  As the models are analyzed, requirements will be developed which will influence the mechanical, electrical, and software design of PDT products.

Remote Docking Model
42
A simulation of the remote docking process will be developed to evaluate the soldier interface and docking controls.  This will be a real time simulation and will have operator controls that represent, as closely as possible, those proposed for the Phase II prototypes.  This simulation will be conducted as part of the remote docking brassboard to provide an early look at the soldier machine interface.

Ammunition Proc & Upload Model
43
A model of ammunition processing and upload will be developed to evaluate various upload scenarios and equipment options.  This will be a task-based model using MicroSaint or similar software.  It will rely on timeline segments established during tests conducted at Fort Sill, as well as those obtained during testing of the upload brassboard.

Ammunition Flow & Selectability Model
44
A model will be prepared to evaluate transfer rates when specific types of projectiles must be uploaded, transferred between vehicles, and fired.  This model will be developed using FORTRAN or C programming language and will use elements from a similar model developed during the ARM II program.  The model will be used to evaluate alternative magazine configurations in terms of their ability to meet required firing and transfer rates.

TOSOM
45
Threat Oriented Survivability Optimization Model-Receives measured performance data from other models or field tests in order to trade-off the effectiveness of alternative survivability suites.

CASTFOREM
46
Force-on-Force survivability analyses Bde size opn or less; 1-3 hrs of battle Helps perform verification of force level effectiveness of alternative survivability suites.

VIC
47
Vector in Command - mid-high intensity force effectiveness model.

Vector-3
48
Low Resolution Force on Force Model (Does provide Air and ground combat play).

SLAVE
49
Simple Lethality and Vulnerability Estimator - for Vulnerability Shotline Analysis.

MGED (Geometric Description)
50
BRL-CAD.

GIFT (Geometric Information for Target)
51
Pro-E to BRL-CAD translator.

MUVES
52
Vulnerability Analysis

VAMP
53
Vulnerability Analysis Model

CTH
54
Ballistic Penetration Model (hydrocode)

ABAQUS/Explicit
55
Ballistic penetration Model Linear/Non Linear structural dynamic & low frequency shock.

DYNA2D & DYNA3D
56
Ballistic penetration Model Linear/Non Linear structural dynamic & low frequency shock (hydracode)

NASTRAN
57
Structural Analysis Model

MANTA
58
Ballistic Shock Model.  High frequency shock response

EPIC
59
Ballistic Penetration (hydrocode)

ARTQUICK
60
Conventional Artillery effects Model

FRED
62
CADDs to solid model limbo code.  Needed for input to XPATCH and PRISM

XPATCH
63
Advanced RCS prediction code (preferred)

EFERT
64
An adaptation of XPATCH; not as high resolution, but much faster.  This code will be used for quick analysis

Max - Track
65
Advanced RCS code prediction code; may be substituted with XPATCH depending on requirements

RSM RTM
66
Radar and Smart Munition Requirement Translation Model

PRISM/MUSES
67
Advanced thermal prediction code

Acquire / Flir 92
68
Thermal and solar load prediction code

Fluent
69
Fluids analysis code

Lowtran 7
70
Atmospheric transmission code

TTIM
71
TACOM Thermal Infrared Model (sensor performance)

ARTM
72
Acoustic Requirements Translation Model

ADRPM - 7
73
Acoustic Detection Range Prediction Model

HVPM
74
Magnetic Signature Model that examines magnetic fields

Alias
75
3-D visual solids model

TVM
76
TACOM Visual Model (visual solids model)

GDMS
77
Target Detection Model

VEHDYN - II
78
Vehicle Dynamics Model

NR.SEIS
79
Seismic Model

Genesis (version 3.0)
80
Many on many CM effectiveness analysis

NEC
81
EM coupling to antennas & lines.  Used for establishing EMP & HPM flowdown reqmts.

TSAR
82
Coupling & scattering of EM waves from surfaces. Used for establishing EMP & HPM flowdown reqmts

MACE
83
EM interaction code.  Used for EMP & HPM coupling analyses

ANISN
84
Radiation transport code.  Used for NPF and spall liner design analysis.

TRUCK
85
Structural response code used for blast analyses on vehicle designs.

QRT
86
Thermal transport code used for Nuclear thermal analyses on the vehicle structure and components.  Also used to evaluate thermal damage against direct view optics by high energy lasers.

NUESSE 3/4
87
NBC Agent deposition from profiles

VLS TRACK
88
NBC Deposition/Dispersion (with casualty estimation)

STAR-CD
89
Models timing and distribution of fire extinguishing agent

Flow-3D
90
Models concentration levels of fire extinguishing agent

NRMM
91
Vehicle Mobility

VEHDYN II (NRMM submodel)
92
Vehicle Ride Dynamics

OBS78 (NRMM submodel)
93
Obstacle crossing  modeling

DADS
94
Dynamic Analysis of Design Systems for Gunfiring, vertical step, Gap crossing, suspension model

VCI Program (NRMM submodel)
95
Vehicle Cone Index - soft soil mobility

PATRAN
96
Common simulation interface between NASTRAN, ABAQUS, and SINDA FEA programs

Mathcad TK!Solver AGMA218
97
Load development & small component analysis

SINDA TK!Solver
98
Heat transfer simulation/analysis tool

TK!Solver
99
Lateral Longitudinal Vehicle Stability

Suspension Model
100
TARDEC Vehicle Dynamics Suspension Model

Track Model
101
TARDEC Vehicle Dynamics Track Model

Hard Soil interface model
102
TARDEC Vehicle Dynamics Hard Soil Interface Model

PREMAT/POSTMAT
103
Survivability Models/Tools for Structural Integrity Tests

COMPASS
104
Computerized Optimization Model for Predicting and Analyzing Support Structures - a level of repair model that optimizes maintenance based on support constraints and economic parameters of the design.

TAFSM


105
Target acquisition fire support model. TAFSM simulates the processes involved in weapon firing, i.e. weapon firing, weapon failure, repair, shoot-and-scoot tactics, ammunition availability and resupply, fire-unit suppression in a dynamic scenario.

C4 to Auto interface simulation
106
Simulates commands sent from C4 vehicle command and control to Automotive controls input.  This includes vehicle driver commands required of RSV(-). 

Low-fidelity means that the software interface is highly accurate but the behavior is less-detailed to allow automotive development to proceed down a shared path with the crew-station development.

Auto to C4 interface simulation
107
Simulates commands sent from Automotive controls to C4 vehicle command and control input.  Contains feedback output from automotive providing input to crew-station. This includes vehicle command responses, simple vehicle dynamics (acceleration/deceleration/velocity) and simple vehicle motion (distance/direction) required of RSV(-).  

Low-fidelity means that the software interface is highly accurate but the behavior is less-detailed to allow crew-station development to proceed down a shared path with the automotive development.   The model will be constructed as a shell with the correct software architecture, but only the interface detail will be accurate.   All other aspects will be simulated to provide the desired responses.

C4 to Resupply interface simulation
108
Simulates commands sent from C4 vehicle command and control to Resupply control.  This includes resupply capabilities required of RSV 1. 

Low-fidelity means that the software interface is highly accurate but the behavior is less-detailed to allow resupply development to proceed down a shared path with the crew-station development.

Resupply to C4 interface simulation
109
Simulates transfer related data sent from Resupply control to C4 vehicle command and control.  Contains feedback output from resupply to crew-station.  This includes resupply capabilities required of RSV 1. 

Low-fidelity means that the software interface is highly accurate but the behavior is less-detailed to allow crew-station development to proceed down a shared path with the resupply development.

Auto to Resupply interface simulation
110
Simulates commands sent from Automotive controls to Resupply controls. 

This is a low-fidelity model to notify when fuel tank is full and shut valve.

Resupply to Auto interface simulation
111
Simulates commands sent from Resupply controls to Automotive controls. 

This is a low-fidelity software model that includes commands to open/close the front and rear hatches.

Survive to Auto interface simulation
112
Simulates commands sent from Survive AFES to Automotive controls. 

This is a low-fidelity software model that includes engine and APU shutdown signals.

Survive to Resupply interface simulation
113
Simulates commands sent from Fire suppression to Automotive controls. 

This is a low-fidelity software model to indicate that a fire is in the boom.

Auto to Armament interface simulation
114
Simulates data transfer between Automotive controls to Armament gun pointing.

This includes odometer input to IRU.

Resupply to Armament interface simulation
115
Simulates messaging required for material transfer coordination from Resupply controls to Armament control.

This is a low-fidelity software model.

Armament to Resupply interface simulation
116
Simulates messaging required for material transfer coordination from Armament control to Resupply controls.

This is a low-fidelity model that initiates and controls the synchronization of Armament components and Resupply components.

Electronics interface simulation
117
Simulates the operating systems services and communications framework.

To be used on workstation when hardware is not available.

Survive to C4 interface simulation
118
Simulates commands sent from Survive subsystems to C4 vehicle command & control.

- NBC and environmental control data, alerts, status, command acknowledgment, BIT results, usage rate.

- Fire suppression status, alerts, fire prevention/suppression messages, acknowledgments

- Defensive armament visual data, status, acknowledgments, pointing data

- Acquisition/Hit avoidance expendable status, local threat data

C4 to Survive interface simulation
119
Simulates the commands sent from C4 vehicle command & control to Survive subsystems.

- NBC and environmental control commands.

- Fire suppression overrides, activation, BIT

- Defensive armament control, ballistic data, MET data, target data

- Acquisition/Hit avoidance expendable status, local threat data

Armament to C4 interface simulation
120
Simulates commands and status sent from Armament to C4 vehicle command and control.

- Armament control firing process status

- Gun Pointing horizontal position, altitude, orientation

C4 to Armament interface simulation
121
Simulates commands sent from C4 vehicle command and control to Armament.

- Armament fire mission, pointing, load, fuze, firing authorization & enabling, cease loading

- Gun Pointing position calibration commands

Auto to External interface simulation
122
Simulates maintenance data output of Automotive controls.

External to Resupply interface simulation
123
Simulates digital imaging input to Resupply peripherals received from Army Supply System, Army Training System, and Army Maintenance System

C4 to External DIS interface simulation
124
Distributed Interactive Simulation (DIS) embedded training connection to Army Training System.

Tactical Engagement Simulation (TES) embedded training connection to Army Training System.

External DIS to C4 interface simulation
125
System-level Distributed Interactive Simulation (DIS) connection to embedded training. 

System-level Tactical Engagement Simulation (TES) connection to embedded training.

Inter-vehicle simulation
126
Inter-vehicle data communications

Engine/Transmission high-fidelity simulation
127
High fidelity engine simulation of engine torque, RPM, power out, fuel consumption, control feedback, and sensor feedback/BIT.

Transmission model should provide by simulation the shifting, steering, braking, shift ranges, transmission output torque & speed, PTO loads feedback, and sensor feedback/BIT.

All simulated characteristics and responses are comparable to the actual hardware responses.

Track Tensioner high fidelity simulation
128
High fidelity simulation of track tensioner assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Suspension IO high fidelity simulation
129
High fidelity simulation of suspension assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Elevation Drive high-fidelity simulation
130
High fidelity simulation of elevation drive assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Azimuth Drive high-fidelity simulation
131
High fidelity simulation of azimuth drive assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Projectile Loader high fidelity simulation
132
High fidelity simulation of projectile loader assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Conveyor high fidelity simulation
133
High fidelity simulation of conveyor assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Boom high fidelity simulation
134
High fidelity simulation of boom assembly.  All simulated characteristics and responses are comparable to the actual hardware responses.

Steady State Speed on Grade /Gradeability
135
Model in Basic that aids Towing, Cruising range,forward speed, reverse speed, speed on grade, cross country speeds, towing other vehicles, and tractive effort

requirement assessment.

Acceleration/Dash
136
Model in BASIC that aids survivability move requirements assessment.

Fuel Consumption
137
Model in BASIC that aids cruising range economy requirements assessment.

Steering
138
Model in BASIC that aids responsiveness, steering requirements assessment.

Braking
139
Model in BASIC that aids braking, service brakes, parking and parking without brakes requirements assessment.

APPENDIX F: Classified M&S Annex (Under separate cover)
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Program

Milestones

CY

FY

2

3

4

3

4

1

2

3

4

1

2

3

4

1

Activities

Products

SFR

SLR

SLR

LRIP

Kr

Automotive  Maturation 

Armament Weapons

Hardstand

Thermal, Sensors, ISFL

PP/DT to Lab

PP/DT Avail.

ISFL Cannon

High Risks

Software Integration, Power Pack Cooling, Tube Wear, Laser Ignition

Low Risk

at LRIP IPR.

Integration & Checkout

SN 3

SN 4

SN 5

SN 6

SN 7

SN 8

SN 9

SN 10

System Integration Facility

System Integration Facility

Ver 1 RSV

Sys

Dev

IAT&C

Perform. & Reliability

RSV (-)

Ver 1 SPH

Perform. & Reliability

Ver 1 SPH/RSV

Avail. for Test

Safety Certification

Activity.

Combined

DT/OT

Test Pgm

Cont’d Test & Evaluation of Ver. 1 Hdwre

E

U

T

Prod. Build

3   7    9    12   13   17   22   26    28 

Prod. Long Lead

30   30   30   30

PPQT- LRIP (4)

IOT&E (5)

FUE (20)

BH&T

SIF System

LD

LFT&E

FDT&E

DT/PPQT 

TEST PROG.

DT/PPQT 

TEST PROG.

TRR

MS II

EMD Continuation

SLR

Dem/Val (Phase 1)

Dem/Val (Phase 2)

EMD (Phase 3)

Full Scale Production

LRIP

PROGRAM DEFINITION &  RISK REDUCTION

EMD

MS II

PEO-CMDT

IPR

FUE             

LRIP
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ASM/ATR PP/DT Risk Mit.
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Risk at MS II



Growth testing
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18 Systems
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systems 

for FUE
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	Table 1.  M&S Support for Satisfying Success Criteria at Milestone II



Range		Gunfire Dynamics, Trajectory, Ballistic

Rate of Fire	Rate of Fire, Gun Thermal & Structural, Gunfire Dyn., Ammo Handling

MRSI		Ballistic MRSI, Vehicle Dynamics, Gunfire Dynamics

Responsiveness	Fire Mission Queueing & Planning, Int. & Ext. Commo, Crew Mod Demo

Accuracy		Accuracy Assessment, Monte Carlo, Vehicle Dynamics, Gunfire Dynamics

Resupply		ICE

Mobility		Engine/Transmission, Vehicle Dynamics, Terrain

Survivability	TOSOM, CASTFOREM, TAFSM, SLAVE

Reliability	Probabilistic Design Analysis, Physics of Failure, Structural Analysis, Solid

Maintainability	COMPASS

Transportability	Solid Dynamics

Crew Size	Crew Module Demonstrator

Combat Load Wt	Mass Property
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