Section 6:


How To Develop Measurable a
nd Testable Supportability Requirements �

6.1  Concept of Operations 

Supportability requirements grow directly from the concept of operations. If a clear line from the operational concept to a specific supportability requirement cannot be traced, that requirement should be regarded with suspicion. The beginning point for each supportability requirement should be found in an operational requirement.

6.1.1  Operational Requirements Document

A mandatory format for the Operational Requirements Document (ORD) is presented in DoD Regulation 5000.2R, Appendix II. In it, DoD commitment to addressing supportability issues as an integral part of the procurement process is made clear. Except for the section defining the threat, every paragraph of the regulation addresses logistic issues. The following paragraphs address the logistic implications of each section of that document.

1. General Description of Operational Capability. The description of the overall mission area and type of system is accompanied by the anticipated operational and support concepts—sufficiently detailed to allow for program and logistics support planning. Notice that “logistics support” is integral to the planning process. The intent to mesh supportability requirements with operational requirements from the beginning of a program is clear.

2. Threat. This section does not address logistics.

3. Shortcomings of Existing Systems. This section must address any supportability problems that have arisen over the life of the current system or shortcomings that were built in at the program’s inception. Since life-cycle costs are a major factor in any system, the difficulty (or impossibility) of supporting a current system may be its major shortcoming. Increased or improved operational capability may be only a byproduct.

4. Capabilities Required. This section breaks out performance and support considerations. The writers of the ORD are required to identify what they consider key performance parameters. All parameters not identified as key are potential tradeoffs when achieving them impacts supportability. The format for the ORD requires the system developer to make hard choices between “must have” and “nice to have” at the early stages of the program. This information is of vital importance to the logisticians, who then know what they must support, regardless of costs, and what they can trade off.

a. System Performance. System performance parameters like range, accuracy, payload, and speed are to be identified in measurable quantifiable terms. General terms or those whose interpretation is potentially ambiguous must be avoided.

b. Logistics and Readiness. “Measures” and “rates” are key terms in this section. Parameters such as  mission-capable rates, sortie/mission completion/abort rates, operational availability, and frequency and duration of preventive or scheduled maintenance actions are expressed in measurable terms. Combat support requirements, mobility requirements, expected maintenance levels, and surge and mobilization capabilities can also be measured quantifiably.

c. Other System Characteristics. The characteristics in this special category tend to be design, cost and risk drivers. Electronic countermeasures are expensive to design. Nuclear, biological, and chemical contamination is expensive to address. Unplanned stimuli (like fast cookoff and sympathetic detonation) introduce major risks. Safety and security considerations affect effective supportability. “What ifs” need to be addressed during support planning.

5. Program Support. Effective program support looks close at hand and far off—in time and space. Fielding a system that provides the operational capability requested is only the first step. But, because this first step is so overwhelmingly important, sometimes the following less obvious steps are neglected. Initial capability is different from full capability, and surge requirements are totally different still. A spares program that might be perfectly adequate for full capability might be totally unable to handle the surge requirements of multiple contingency operations. 

Support considerations have become more complex because internal system interfaces are far more complex than they used to be. The demands for standardization and interoperability require that the logistician be familiar with what is going on with many other programs. Learning what supportability requirements other systems have will keep the logistician from reinventing the wheel, and will assist in finding where low-cost solutions can be pursued.

a. Maintenance Planning. It is important that maintenance planning tasks be defined in measurable terms, with threshold percentages or ranges provided. The repair strategy must be clearly envisioned before the ORD is written. The cost/benefit ratio between organic repair and contractor support must be scrutinized before any decisions are made. Contractor support costs must include estimates for increased cost, and DoD incurred  costs for life support, security, and transportation in a forward deployed (hostile) environment. This is not an area where preconceived notions of what is appropriate (or what works) can be allowed to dominate. 

b. Support Equipment. In this section “realistic and affordable” are key phrases. “One hundred percent fault isolation” is certainly desirable, but is it realistic? And even if it were, would it be practical, from a financial viewpoint? Common support equipment should be acquired instead of peculiar support equipment when possible and cost effective.

c. Human Systems Integration. Manpower issues are crucial to the supportability of many systems. Acceptable risk levels, necessary training levels, manpower ratios, and the like must be addressed as supportability concerns. Initial and continuing training to maintain operator skills is an important consideration. Given the high level of turnover in military personnel, maintaining operator skill is often a crucial issue. Repair and maintenance personnel also turn over rapidly. Support planning must deal with these issues.

d. Computer Resources. This is another area where logisticians needs to have done their homework. What constraints are necessary in order to provide interfaces with other services? What is the tradeoff when X architecture provides a desirable improvement in operational availability but denies access to Y communications network used by another service? The logistician must assess the impact of system changes and determine necessary adjustments to the logistics structure.

e. Other Logistics Considerations. Provisioning strategies and special packaging, handling, and transportation considerations need to be addressed here. Unique data requirements are defined here, but remember that data requirements should be kept to a minimum, and data should be provided in contractor format whenever possible. Logisticians must know how and when they will use the data they request, and they must be able to distinguish between “nice to have to cover possible contingencies” data and essential data. Packaging, handling, transportation, facilities, disposal, and environmental impact considerations are far from the forefront for system designers, developers, and users, but they are important and potentially expensive considerations. Logisticians must understand the potential impact of these issues on the system from its inception, and must raise these issues whenever they impact on program planning.

f. Command, Control, Communications, Computer and Intelligence. This section requires an understanding of future capabilities. Designing a system to interface with those “forecast to exist at the time the system will be fielded” requires the engineer and logistician to be aware of the status of other related acquisition programs. How can this system interface with this planned future communications architecture? Will it support video teleconferencing? Will its anti-jam capability impact our electronics? 

g. Transportation and Basing. This is another area that is often neglected in the process of fielding a system. The logistician must raise these issues. Who will transport this system? On what? Under what situations might other means of transport be used? Where the system will be based could affect the decision to use organic or contractor support. Training, maintenance and repairs in non-combat zones can unquestionably be done by contractors. If (or when) these functions will be carried out in combat, the feasibility of contractor support becomes a much more complex issue. Additionally, issues can cross service lines, even for a service-peculiar system.

h. Standardization, Interoperability, and Commonality. The logistician must be aware of the implications of support among and between the various U.S. military services and between them and our allies. The emphasis is on interoperability; and the logistician has a major role to play in this arena. Procedural and technical interfaces affect supportability. Identifying the communications, protocols, and standards that will ensure compatibility and interoperability among our military services and between us and our allies is a painstaking task. Commonality of equipment not only increases the possibility of interoperable systems, it also has implications for support.

i. Mapping, Charting, and Geodesy Support. The logistician may be required to assess the type and level of mapping, charting and geodesy support needed, the formats of the data, the capabilities required of the system (CD-ROM, 4mm, 8mm, 9-track tape), and the lead time for ensuring that these data requirements are met.

j.  Environmental Support. In these two areas  (i. and j.) the logistician is concerned with many of the issues already identified: using standard format data, limiting data requirements to those essential, expressing requirements in measurable terms, using ranges and thresholds.

6. Force Structure. Force structure considerations have two aspects. The first is any changes to the force structure that must be made to support and operate the system. The second is changes in the force structure that can be made because of the system, e.g., reduction in personnel because the system replaces two old systems or because the new system is easier to maintain.

7. Schedule Considerations. The logistician is obviously concerned in scheduling decisions. Support is a vital and integral part of any system that is fielded. Only when logistics is an afterthought should it cause delay. If logistic considerations have been interwoven with the program in all of its phases, then the supportability schedule will have been synchronized with the other system schedules.

8. Facilities. Special consideration must be given to facilities because of the long lead times involved.

6.2  Developing Performance Requirements

DoD policy mandates the use of performance requirements as the preferred method of preparing specifications. In the logistics field this policy means that supportability requirements must be expressed in performance terms. Requirements must express what the desired outcome is, but must not direct how to achieve that outcome. As acquisition management relies more and more on commercial sources rather than on unique military specifications-driven items, we must be careful not to restrict potential contractors. For example, we may have an item that requires careful packaging to avoid breakage. The requirement, in performance terms, will give the acceptable limits, but will not tell how the item is to be packaged:

The item, packed for shipping, will pass through a 5x3 ft. hatch, will not be damaged by up to a vertical 3 ft. drop onto a metal surface, and can withstand X pounds per square inch of pressure on all sides simultaneously.

The goal is to identify the required outcomes, leaving the supplier free to provide the means and/or method that will produce the outcomes we have identified.

DoD 5000.2-R, Part 2, states clearly that support requirements are to be tied in to the program performance specification: “Supportability factors are integral elements of program performance specifications. However, support requirements are not to be stated as distinct logistics elements, but instead as performance requirements that relate to a system’s operational effectiveness, operational suitability, and life-cycle cost reduction.”

It further requires that acquisition logistics be an integral part of system development: “The PM shall conduct acquisition logistics management activities throughout the system development.”

More detailed guidance on the preparation of performance requirements can be found in SD-15 and in MIL STD 961.

6.2.1  Integration Of Acquisition Logistics Into The Systems Engineering Process

During the systems engineering process, operational needs are analyzed and  various design concepts are proposed. Those concepts are then synthesized, evaluated, and optimized. The culmination of this process is definition of the best design.

Unfortunately, acquisition logistics (supportability) objectives often conflict with other design objectives like speed, range, size, etc. How is this inevitable conflict resolved? Early in the process, the issue of tradeoffs must be raised during the analysis of proposed concepts. Careful use of tradeoff studies will guide the engineers and the logisticians in finding the optimal design—one which balances design objectives with supportability requirements. Tradeoffs are an essential part of the design process.

The result of this early collaboration between engineering and logistics personnel is a specification that prescribes performance requirements to be achieved.

The challenge is to ensure that supportability is integrated into the program from the beginning phases. The early design phases of a project, when things change rapidly, may seem of little interest to logisticians, and their attendance at engineering design reviews may seem a waste of time. Actually this period has far reaching logistics impact. During this phase the logisticians can use the leverage of early program involvement to identify approaches that will significantly lower life cycle costs. They may be able to catch an exorbitantly expensive material or time-consuming maintenance process before it has become integrated into the system. The following example is illustrative:

During an early design review of a satellite system, the logistician on the team noted that a system component was to be fabricated from beryllium. Although this strong light metal was a logical design choice, the logistician was aware that it is a hazardous material. Using it would require special handling. After he raised the issue, the engineers agreed that a heavier but non-hazardous material should be used instead.

Logisticians must be prepared to defend the logistics support concepts and supportability design requirements that they propose, not only from the logistics community’s point of view, but also from the engineering point of view. They must constantly keep the readiness requirements in mind. The value of teamwork from the earliest stages of a project is that each group has the other’s concerns in mind. Cooperation and mutual understanding save time and money.

6.2.2  Differences Between Detail And Performance Requirements

Reliability

Performance specifications would set requirements in terms of mean time between failure, operational availability, etc.

Detail specifications may achieve reliability by requiring a known reliable design.

Maintainability

Performance specifications would specify requirements in terms of mean time to repair, maintenance frequency, skill levels of repair personnel, time required for maintenance, etc.

Detail specifications may specify exact designs to accomplish maintenance actions.

Reliability and Maintainability Parameters

Reliability and maintainability parameters affect readiness, mission success, manpower and maintenance costs, and other logistics support costs. For these categories reliability and maintainability can be expressed quantifiably as shown in Figure 6-1:�� EMBED Word.Picture.6  ���

	�6.2.3  Sample Performance Requirements

The following areas—availability, compatibility, transportability, interoperability, etc.—are some of those in which requirements should be stated in performance terms. In each category an example of a supportability requirement expressed in performance terms is provided. These examples illustrate only one of many requirements that might be imposed.

Availability

A measure of the degree to which an item is in an operable and committable state at the start of a mission when the mission is called for at an unknown (random) time.

Examples

The item will have an operational availability of .95 measured by the total operating time divided by the sum of the total operation time, total corrective maintenance time, total preventive maintenance time, and the total administrative and logistics down time.

The vehicle will have a maintenance ratio (MR) of the total scheduled and unscheduled maintenance man-hours per hour of operation (excluding operator/crew checks and daily operating service) that does not exceed the following values: (1) ORG 0.140; (2) DS 0.043; (3) Total 0.183.

Operational Sustainability 

The capability of an item or system, and its inherent support structure, to  perform its intended missions over a sustained period of time.



Example

(Requirement) The portable control station will be capable of completing a sustained 4-day operation using only onboard equipment and spares without resupply or support from personnel other than the operators.



(Verification) The operational test of the system will be used to verify the requirement is met. The test will consist of 2 systems performing 4 each of Scenario A, as identified in the ORD, and 2 each of Scenario B (surge), as identified in the ORD. Nine of the 12 scenarios must be fully executed without outside resupply/assisted maintenance. Additionally, at least one surge scenario must be completed without outside resupply/assisted maintenance.

Compatibility 

The capability of two or more operational items or systems to exist or function as elements of a larger operational system or environment without mutual interference.

Example

The vehicle must be capable of accepting, supporting, and mounting a MK19, 40mm automatic grenade launcher.

Transportability

The inherent capability of an item or system to be moved efficiently over railways, highways, waterways, oceans, or airways either by carrier, towing, or self-propulsion.

Examples

The vehicle must be capable of being rigged for air drop by the using unit without the use of special tools, within X minutes.

The M939A2 5-ton truck shall be capable of being slingloaded beneath the CH-47D or the CH-53E helicopters using integral vehicle lift points.

Interoperability 

The ability of systems, units, or forces to provide services to, and accept services from, other systems, units, or forces and to use the services so exchanged to enable them to operate effectively together.

Example

The aircraft’s turreted cannon will mount the XM788 gun system used by the AV-8A Harrier aircraft to provide NATO interoperability among the Armament Development Enfield (ADEN) and Direction D’Etudes et Fabrication D’Armament (DEFA) gun systems currently in use.

Reliability

(a) The duration or probability of failure-free performance under stated conditions. (b) The probability that an item can perform its intended function for a specified interval under stated conditions. (For non- redundant items this is equivalent to definition (a). For redundant items this is equivalent to mission reliability.)

Example

The mean time between failure (MTBF) of the signature-suppressed generator sets (15/30/60 KW) shall not be less than 40 hours.

Maintainability 

The measure of the ability of an item to be retained in, or restored to, specified condition when maintenance is performed by personnel having specified skill levels, using prescribed procedures and resources, at each specified level of maintenance and repair. 

Example

The vehicle will have a mean time to repair (MTTR) that does not exceed 2.0 hours at X maintenance level.

Manpower Supportability

The consideration of the total supply of persons available and fitted to support a system. It is identified by slots or billets and characterized by descriptions of the required people to fill them.

Examples

Performance of duties will be accomplished by soldiers within the physical capabilities specified in AR 611-201 for each MOS designated to support, operate, maintain, repair, and supervise the employment of the system.

Introduction of the 15/30/60 KW generators into the Army inventory will not cause an increase in the number of personnel to operate or support them in excess of those required to run DoD generator sets.

Human Factors

The design of man-made devices, systems, and environments to enhance their use by people. Also called human engineering or ergonomics.

Example

The operational controls shall be within arm’s reach for the 95th percentile of soldiers.

Training Requirements

The processes, procedures, techniques, training devices, and equipment used to train civilian and active duty and reserve military personnel to operate and support a materiel system. Those include individual and crew training; new equipment training; initial, formal, and on-the-job training; and logistic support planning for training equipment and training device acquisitions and installations.



Example

Ninety-five percent of the representative soldiers must be capable of performing all critical tasks, for their respective MOSs, to the assigned training standard.

Documentation

Documents, including technical manuals, maintenance allocation charts, parts lists, and similar documents used for the support of the system.

Examples

Technical manuals must be written to the reading grade level and knowledge of their intended users.

Warranty Period

A warranty is a promise or affirmation given by a contractor to the government regarding the nature, usefulness, or condition of the equipment, supplies or performance of services furnished under the contract.

Example

This warranty is in effect for a period of five years beginning on the date that the contract modification which includes this warranty is executed.



Figure 6-2 provides additional warranty examples.

��Warranty Examples

DESIGN/MANUFACTURING CONFORMANCE WARRANTY:  Notwithstanding government inspection and acceptance of warranted items, the contractor warrants that the supplies covered by the terms of this warranty shall conform to the design and manufacturing requirements in accordance with PDD-ARC210-001, the technical data package (TDP), and approved manuals for the warranty period defined in Part III. Product configuration may be altered or upgraded for product improvements or standardization provided the changes do not impact form, fit, or function at the WRA level. The TDP shall be updated to reflect the resultant changes in accordance with the CDRL requirements.

MATERIAL AND WORKMANSHIP WARRANTY: Notwithstanding government inspection and acceptance of warranted items, the contractor warrants that the supplies covered by the terms of this warranty are free from defects in material and workmanship that would cause a warranted item to fail to conform to the essential performance requirements for the warranty period defined in Part III. 

ESSENTIAL PERFORMANCE WARRANTY: For the warranty period in Part III, the contractor warrants the essential performance requirements of the warranted items. Should the warranted items not meet the MTBF, the contractor shall furnish to the government temporary spares in accordance with Part V, subparagraph E. The contractor warrants all RT-1556/ARC and RT-1744/ARC units covered by this warranty for the hourly mean time between failure (MTBF) rates specified for the following time periods:

Guaranteed Mean Time Between Failure

MONTHS (*)	0-12	13-24	25-36	37-48	49-60

MTBF HOURS	667	679	728	853	1100

	(*)  Months after execution of the contract modification which includes this warranty.

If during the warranty period, the Warranty Review Board (WRB) determines that the ratio of actual average system operation hours to aircraft flight hours differs from the 1.4 “K” factor by 25% or more, the contractor and the government will negotiate an equitable adjustment to the K factor and the resulting MTBF calculation. If after the warranty expires, the WRB determines that the total annual operating time (TOH) as defined in Part V subparagraph D(5), herein, and as determined by NALDA data, differs from the following by 25% or more, the government and contractor will negotiate an equitable adjustment in contract price:

Total Annual Operating Hours

MONTHS (*)	0-12	13-24	25-36	37-48	49-60

TOH	238,395	459,073	668,734	755,730	811,213

	(*)  Months after execution of the contract modification which includes this warranty.

TURN AROUND TIME WARRANTY: The contractor warrants that all corrective action shall be completed with warranted items ready for delivery to the government within an average turn around time of 30 calendar days from the date the contractor receives the warranted items at the contractor’s facility until the date of shipment from the contractor’s facility in a ready for issue (RFI) condition. The contractor shall ship all processed RFI end items to government controlled storage in the absence of other shipping instructions from the procuring contracting officer or administrative contracting officer (PCO/ACO).  If reusable containers are not available, the contractor shall ship end items using best commercial practices to assure safe delivery at destination.

WARRANTY FOR CORRECTED OR REPLACED SUPPLIES: Any warranted item repaired or replaced pursuant to this warranty is subject to the provisions of this clause, in the same manner as warranted items initially delivered.

Figure 6-2. Warranty Examples

�Wording the Performance Requirement

The specific wording of requirements presents many pitfalls. Emphasize stating the requirements in performance terms. There are two good reasons for this emphasis. First, the requirement needs to be measurable so that all concerned can judge whether a system is functioning as it should. Subjectivity is not useful in this context, and requirements stated in terms that allow subjective interpretation are harmful. Second, the wording of the requirement should not reflect the user’s bias as to the design for the product. The requirement should state what the user needs, not explain how the requirement is to be met. The goal here is not to stifle initiative or arbitrarily cut off innovative approaches to satisfying the requirement.

Poor Examples

The following examples of poorly written supportability requirements are followed by notes explaining their deficiencies.

1.   The signature-suppressed generator sets (15/30/60 KW) shall demonstrate a maintenance ratio (MR) not to exceed .05. 

Note: the term “demonstrate” is ambiguous here. It is more positive to say the maintenance ratio shall not exceed 0.05. The maintenance level (unit or intermediate) should be specified.

2.   The vehicle engine or engine and transmission assembly can be removed and reinstalled in less than 10 man-hours. 

Note: This measurement should be expressed as a percentile; e.g., perform the function in 10 man-hours 90% of the time.

3.   The sniper weapon system bolt assembly must be replaceable within 1 minute, without the use of tools, and without affecting the zero of the weapon.

4.   The sniper weapon system must be designed to allow the operator to perform necessary maintenance using standard DoD lubricant/ solvent, without the use of any tools other than the cleaning kit equipment.

5.   The sniper weapon system must have cleaning equipment that is not detrimental to the weapon when used properly and which fits in the M-16 cleaning kit pouch.

Note: Requirements 3, 4, and 5 are actually design requirements. They are not expressed in clear measurable terms. To measure the operational capability of the weapon system requires that it takes no more than X minutes Y percent of the time to service (clean/repair) the weapon.

6.   Logistics support responsibilities, including maintenance allocation chart (MAC), will be consistent with established Army procedures.

7.   Material support hardware/software (i.e., tools; petroleum, oils, and lubricants; test equipment; training manuals) shall be allocated to the correct level in number and type for efficient functioning of the logistics concept.

8.   Appropriately skilled supply and maintenance personnel shall be assigned to the proper level and location.

Note: Requirements 6, 7, and 8 are weak. They do not relate to the system. They are too generic and have no meaning.

9.   Special tools, if necessary, will be available at the required level. 

Note: This requirement does not provide a useful measure or standard for judging the adequacy of support.

10.  Test measurement and diagnostic equipment (TMDE) and calibration equipment will be standard Army equipment (listed in the Army’s TMDE Register, DA Pam 700-20). 

Note: this requirement is not useful for measuring the adequacy of support. If this particular equipment is essential, the explanation should be given. Otherwise this appears to be an unnecessarily constraining requirement, not based on performance.

11.  When rigged on a modular platform and delivered to the ground by parachute during tactical airborne operation, the vehicle must be capable of being derigged by the using unit and available to the assault phase of the operation (within 15 minutes). 

Note: this requirement should be rewritten to reflect a derigging within 15 minutes at least X percent of the time.

12.  Grasping devices and tiedowns must enable the lightweight collapsible pillow tank to be positioned and secured against damage and instability (i.e., rolling, creeping, or sliding) when transported full, partially filled, or empty. 

Note: The emphasis needs to be on securing the tank, not on the specific means for securing it. 

13.  When filled, the lightweight collapsible pillow tank must not weigh more than 1,500 pounds and must be capable of being transported externally by CH-47 cargo or UH-60 utility helicopters. 

Note: The specific weight constraint is not an appropriate measure here.

Figure 6-3 provides an example of the translation and evolution of an operational requirement to a supportability requirement.

THE EVOLUTION OF A SUPPORTABILITY REQUIREMENT



The operational requirement: 

	Provide anti-armor protection with air cavalry and air mobile escort.

An operational sub-requirement:

	Have a 1.9 hour endurance in a mission scenario.

The relevant overarching logistic requirement:

	Have an operational availability of 0.70 to 0.80.

Related logistic sub-requirements:

	Have a mean time to repair at organizational, intermediate, and depot support levels of 0.65 to 0.90 hours.

	Inspections limited to not more than 1.0 maintenance man-hour per flight hour.

	Dynamic components have a mean time between removal of not less than 1200 flight hours.

	Be designed for combat zone maintainability.

Figure 6-3. From Operational to Supportability Requirement



6.3  Metrics

What do metrics do? Metrics measure things. The goal of using metrics is to learn what we have. When we know what we have, we can see how to make changes to improve the product.

6.3.1  Metrics Model

Successful metrics involve inputs, processes, and outputs. The desired output is, in the final analysis, a satisfied customer. The inputs come, in one way or another, from the user. The processes, the actions that turn the inputs into outputs, are affected by controls—those policies, resources, rules or technologies that constrain the design of the processes—and also by enablers—those tools or techniques that assist in shaping the design of the processes. The balance between controls and enablers assists in the design of a good metric.



6.3.2  Characteristics of a Good Metric

What distinguishes a good metric? A good metric:

Is imposed on the organization that controls the process producing the metric.

Is accepted as meaningful by the customer, e.g., user, procuring agency, etc..

Shows how well goals and objectives are being met through processes and tasks.

Measures something useful (valid) and measures it consistently over time (reliable).

Reveals a trend.

Is defined unambiguously.

Has economical data collection.

Is timely.

Has clear cause and effect relationship between what is measured and the intended use of the information.

6.3.3  Developing Good Metrics

Developing a good metric is a systematic process. The following steps explain how to produce one.

1. Identify your purpose. Your purpose must be aligned with your organization’s mission. What do you need to measure? Why? What is your end purpose?

2. Begin with your customer. Your job is to define the who, what, when, why, and how in sufficient detail to permit consistent, repeatable, and valid measurement to take place. Who is your customer? What are his or her expectations? Your job is to define characteristics of the product, service, or process which can be measured internally, and which, if improved, would better satisfy expectations. This is the first element of your metric package.

3. Define what it is that you want to measure. Start with a blank sheet of paper. Before you examine existing metrics, or plan new ones, decide where you are and where you want to go. 

4. Examine existing measurement systems and generate new metrics if necessary. Look for existing measurements. What do they measure? Do they measure processes, or are they focused on outputs—products or services for external customers? Ask if the data has been accumulated over time. If you don’t get clear answers, or if you don’t feel that the data is useful in managing what you want to manage, create a new, better metric.

5. Rate your metric. Is the who, what, when, why, and how defined in sufficient detail to permit consistent, repeatable, and valid measurement to take place? Rate your metric against the “Characteristics of a Good Metric” given in the previous section. Have you selected the proper tool for analyzing and displaying the data you have decided to collect?

6. Collect and analyze metric data over time. First, baseline your process. Start acquiring metric data, from the existing metrics or from the new ones you have generated. You need a baseline as a starting point. As the data accumulates over time, look for trends. Investigate special or common cause effects on the data. Assign them to their sources. Compare the data to interim performance levels. This is the second element of your metric package.

7. Finalize the metric presentation. When you have completed the first six steps, you are ready to present the information your metric has generated. The graphic presentation you provide will clearly and concisely communicate how you are performing based on a standard and where you plan to go. This is the third element of your metric package.

8. Initiate improvement goals. Remember, this step is the most important if your improvement efforts are to become a reality! Metrics are a means to an end—the end is continuous improvement. Of course, once the improvements have been implemented, you are ready to start over again. As improvement is an iterative process, so is the process of developing metrics to measure it.

6.3.4  Feedback Loop

Another important aspect of metrics is the design of the feedback loop. Because metrics measure things and tell us what we have, we can make changes. Feedback loops tell us if the changes we made improved the product. Figure 6-4 examines the feedback loop for a Department of Defense product.

FEEDBACK LOOP

User provides feedback to DoD activities.

	DoD activities analyze:

					engineering 

						logistics support

							training

	Analysis results in:					manning 

		Alterations(						cost

			improved parts and support

				better training and manning

					engineering change proposals

End result? 

	Improved readiness.  



	Figure 6-4. Metrics Feedback Loop

6.4  Supportability Issues

6.4.1  Supportability Requirements

Supportability issues—constraints, down time, turn around times, life-cycle costs, stockage levels, and the like—become specific logistics objectives. 

Operations and maintenance manpower and man-hour constraints

Personnel skill level constraints

Operating and support costs constraints

Target percentages of system failures (downing events) correctable at each maintenance level

Mean down time in the operational environment

Turn around time in the operational environment

Standardization and interoperability requirements

Life-cycle costs

Stockage levels of materiel

Repair level

6.4.2  Supportability Design Factors

The following figures (6-5 and 6-6) provide good examples of expressing supportability requirements in measurable terms and building supportability requirements into the design.

F-18 MAINTENANCE REQUIREMENTS

Direct maintenance:

	Man-hours/flight hour				11.02

	Operational availability				80%

	Turn around time (max. 3 men)			15 min.

	Mean time to repair					1 hr. 46 min.

	Fault isolate time 					90% in 5 min.

	Fault isolate time 					100% in 10 min.

	Engine change					21 min. (4 men)

	Radar remove and replace				21 min. (2 men)

	Figure 6-5. Maintenance Requirements

What happens when the logistician isn’t involved in the design process? Logistic problems get built into the design. For example, when the F-4 was designed, the radio was placed to the left of the rear seat bucket under the air data computer. This placement made good sense from the design point of view because it kept a heavy object forward. The radio was relatively reliable, and routine maintenance could be performed in ten minutes or so. The problem was that in order to get to the radio the ejection seat had to be dearmed and the seat bucket and computer removed—and then the process had to be completed in reverse after the radio maintenance had been completed. The ten minute job had become a four or five hour job. Even worse was the possibility of maintenance-induced failure of the computer when it was reinstalled, which would render the aircraft non-flyable.

	Figure 6-6. Designing for Support

�SUPPORTABILTY RELATED DESIGN FACTOR

FOR THE F-16 



Terms:							Range/Value:

Weapon system reliability					.90 - .92

Mean time between maintenance (inherent)		4.0 - 5.0 hrs.

Mean time between maintenance (total)			1.6 - 2.0 hrs.

Fix rate							60% in 2 hrs.

								75% in 4 hrs.

								85% in 8 hrs.

Total not-mission-capable rate maintenance rate	8%

Total not-mission-capable supply rate			2%

Sortie generation rate					classified (see req. doc.)

Integrated combat turn around time			15 min.

Primary authorized aircraft airlift support			6-8 C-141B equiv.

Direct maintenance personnel				7 to 12 AFSCs

Reduced number of Air Force Specialty Codes		4 to 6 AFSCs

Supportability design factors include the following categories:

System reliability (mean time between failures)

System maintainability (mean time to repair)

Maintenance burden (maintenance man-hours per operating hour)

Built in fault isolation capability (percent successful isolation)

Transportability requirements  (identification of conveyances on which transportable) 

Many factors influence supportability decisions. As the Department of Defense looks more and more toward the commercial marketplace as a source for procuring goods and services for government use, differing goals and objectives surface. 

The issue of packaging is a good example of differing military and commercial goals. In fact, our reliance on military specifications and standards dates to unsatisfactory packaging provided by contractors during the Spanish American War. Today the situation is reversed. Commercial packaging is designed to protect both the contents and the outside of the package. The package is expected to look good on arrival: the company logo prominently and neatly displayed, the undented container visually promising an excellent product within. The military packaging goal is much simpler—protection of the contents is the sole mission. A damaged container on arrival is not a problem, as long as the contents are unharmed. 

6.4.3  Logistics Support Parameters

Provisioning Objectives

What is the spares to availability target?

Want spares to be available when?

Want spared to what level?

Want what percent inherent availability?



SAMPLE PROVISIONING REQUIREMENTS

The prescribed load list will have a 90 percent demand accommodation and 90 percent demand satisfaction on deadlining items at organizational level.

Forward direct support authorized stockage list will have an 80 percent demand accommodation and an 85 percent demand satisfaction.

Figure 6-7 provides two examples  of provisioning requirements.



		Figure 6-7. Provisioning Requirements

Supply Support Objectives

Fill rates

Order and shipping times

Guarantee  X% availability

Examples of Support Cost Reductions

Logistic decisions affect costs. Figure 6-8 presents two examples of logistic planning decisions that significantly reduced the costs of a submarine and an aircraft procurement.



TRIDENT SUBMARINE: LOGISTICS HATCHES 

All spaces (except the reactor compartment) are directly accessible via special, large diameter logistics hatches.



F-16: COMMON AND INTERCHANGEABLE COMPONENTS

Main landing gear assemblies are 80% interchangeable.

Flaperons are interchangeable left and right.

Horizontal tails are interchangeable left  and right.

There are 5 common electrohydraulic servos.

There are 5 common actuators.

		Figure 6-8. Logistics Planning



6.5  Commercial Equipment Supportability

The Department of Defense is adopting new business practices as it shifts away from development and toward commercial procurement. Although off-the-shelf items developed for the commercial market frequently meet DoD needs, the long term supportability of these items is much more problematical. Since commercial items will probably be used in harsher environments than those for which they were developed, kept in service longer than intended by the commercial developer, and required to interface with other systems, the logistical implications of using commercial items need careful scrutiny.

6.5.1  Acquisition Logistics Lessons Learned 

The following report describes the recent experiences of the Air Intelligence Agency in acquiring electronics systems:

“The agency is no longer developing its own systems; currently our systems are made up entirely of COTS equipment (excluding interfaces and occasional software). We use small quantities of equipment; generally less than five of any particular item. COTS equipment complements our mission requirements, and vendor competition is fierce for continuous product improvement.

“COTS maintenance manuals and drawings are limited. At best they will allow repair and identify support to the LRU (circuit card, power supply, etc.). Any more extensive data is either proprietary or the vendor asks for extremely large sums of money. To be effective, the depot should be able to perform piece part repair. This is only possible through reverse engineering, mockups, or the development of ATE software. The time and cost associated with these processes cannot be justified based on the quantities of equipment we buy. Instead we receive extended warranties and allow contractors who already have repair capability to repair failed LRUs. There is also the cost issue of training maintenance technicians on new equipment.

“The type of equipment we procure has been found to have long mean times between failure. There are exceptions, but generally we get 2-3 years before any failures on our operator positions. Also technology is constantly evolving, and in many instances we are upgrading the system with this new technology within three years. Because our equipment typically  does not stay in the field a long time, it is not cost effective to strive for organic repair capability.

“Although we possess some organic maintenance capability, the majority of COTS equipment is contractor supported. Rather than acquire the equipment and support capability on separate contracts as we did in the past, we found it beneficial to acquire them together. Tying the support capability into the equipment purchase is best accomplished by establishing a logistics support strategy early in the program before the RFP.”

The experience of this agency is instructive. The following principles underlie the success of its efforts:

Plan for supportability from the initial planning stages.

Base supportability strategies on the expected service life of the product. 

Be willing to consider nontraditional approaches to support: extended warranties, disposal upon failure, etc.

6.6 Additional information

Program Manager’s Kneepad Checklist, Pamphlet 63-101, Aeronautical Systems Center (AFMC) ASC

SD-15, Performance Specifications Guide



MIL-HDBK-502: Acquisition Logistics
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