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TEST AND EVALUATION OF THE ARMY'S CH-47 HELICOPTER FLIGHT SIMULATOR

INTRODUCTION

The latest and the most ambitious effort to validate the Army's
multihundred-million-dollar flight simulator program is the evaluation
of the prototype CH-47 Flight Simulator (CH47FS), currently underway
at the US Army Aviation Center (USAAVNC), Fort Rucker, Alabama.

This evaluation includes a combined development and operational test
(DT/OT 1I) conducted by the US Army Aviation Board, and a Cost and Train-
ing Effectiveness Analysis (CTEA) sponsored by the Army Training Support
Center and conducted by the Deputy Chief of Staff for Combat Developments
Study Group of the Aviation Center.

The CH47FS is the first prototype of the Army's new generation
flight simulators with six degrees of freedom motion system, which in-
corporate video camera/terrain board visual system.

The trainee station, from the pilot's seat forward, duplicates the
CH-47 cockpit. The instructor station, which is located behind the pilots
seat in the cockpit, has displays for monitoring trainee performance, and
controls for the built-in instructional features of the simulator and for
adjustment and variation of training conditions.

The test started 17 Jan 77, and is expected to be completed in July
77. The CTEA started several months before the test, and, because most
of the data for the analysis will be generated by the test, will extend
three months beyond the test completion date.

The cost effectiveness of flight simulators has been quite ade-
quately demonstrated by airlines for pilot transition training and pro-
ficienty evaluation, and by the military services for many additional
researck and training missions. However, because flight training require-
ments for the military services vary greatly between services, and between
different commands within services, many questions pertaining to training
and cost-effectiveness of military flight simulator programs still remain
to be answered.

The Army's current test and study effort is designed to answer some
of these questions. This evaluation will address the issues of verifica-
tion of the anticipated benefits of the CH47FS program, justification of
further expenditures, and the optimization of the cost and training effec-
tivenss of the CH47FS program.

OPERATIONAL TEST

The operational test will measure the transfer of training from the
simulator to the aircraft for both institutional and unit training. The
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24 experimental group and the same number of control group subjects for

the institutional transfer of training experiment will come from among the
aviators enrolled in the regular CH-47 Aviator Qualification Course classes
at Fort Rucker.. The unit training experiment is conducted using aviators
assigned to CH-47 operational units, 16 aviators will be used as experi-
mental subjects and the same number as members of the control group.

Institutional Training Experiment

An overview flow chart of the institutional training test plan is
depicted on Figure 1.

The pre-experimental activities start with the modification of the
current program of instruction and training guide to allow instructors to
take advantage of the instructional features of the simulator, such as
automated demonstration programs, freeze, playback, etc. Each maneuver
is then analyzed to determine and define specific tasks contained in the
maneuver, and establish performance evaluation criteria and methods. As
part of the pre-experimental activities, the instructors will undergo a
two week training course provided by the manufacturer and an additional
two week Experimental Procedures Course conducted by the test personnel.

The experimental and control subjects will then be selected. They
will be matched, due to lack of better data, on the basis of their prior
flight experience.

A flow chart of the procedures for the experimental group is
depicted on Figure 2. The subjects will be trained to the established
criterion for each task and maneuver, or until it is evident that the
expenditure of additional time and effort is not justified by the rate
of improvement. The following data, numerically designated on the flow
chart as indicated, will be collected during the simulator training phase
of the experiment:

The number of times each maneuver was practiced (1).
An evaluation score of the trainee's performance on each trial (2).
Time spent practicing each maneuver (3)

A listing of tasks or maneuvers that could not be learned to cri-
terion (4).

The total time of simulator training (5).

Evaluation scores for performance of each task or maneuver during
the final simulator checkride (6).
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Figure 1. Overview Flow Chart of Transfer of Training Experiment
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After passing the simulator checkride, the subjects, without further
training, will take an aircraft checkride (7).

Following the checkride, training in the aircraft will be conducted.
First the tasks and maneuvers that the subject was unable to pass on the
checkride, and then the tasks and maneuvers that were not covered in the
simulator training; such as preflight procedures and water and slope
operations.

The data collected during this phase includes:

The number of times each maneuver was practiced (8).
The evaluation score for each trial (9).
The time spent practicing each maneuver (10).

The total time of aircraft training (11).

At the end of this phase the final checkride will be given during
which the trainee's evaluation score for each task and maneuver is recorded.

The control group receives all of its training in the aircraft. The
flow chart of the control group procedures is depicted on Figure 3. The
training will include all the tasks and maneuvers taught to the experimental
group, and the same data will be collected.

Unit Training Experiment

The transfer of training experiment for unit training differs from the
institutional training experiment in several important aspects. The train-
ing program and guide are designed to include tasks and maneuvers considered
to be critical for proficiemcy maintenance training. The subjects will
start out by taking a checkride. The members of the experimental group
will then come to Fort Rucker for simulator training for a two or three day
period once every four weeks, while the members of the control group will
remain with their units, but will not fly except CH-47 missions considered
essential.

At the end of the six months allocated for the experiments all
subjects will take a final aircraft checkride. For the experimental group,
the same data that were collected for institutional training experiment
simulator rides, will be collected (data elements 1 through 6). In addi-
tion, the time that each subject flew the aircraft, the types of missions
and maneuvers flown, and evaluation scores for the initial and final check-
rides will be recorded (data elements 12 and 7).
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For the control group, in addition to their evaluation scores on
the checkride (data element 7), data will be collected to record the
time on missions, including the types of missions and maneuvers flown
(data element 12). Figures 4 and 5 depict flow charts for both groups.

COST AND TRAINING EFFECTIVENESS ANALYSIS

The data collected during the test will provide the major portion
of the input for the other, equally important, part of the evaluation
effort, the CH47FS Cost and Training Effectiveness Analysis (CTEA).

Alternate Training Packages

The study will evaluate the simulator cost and training effective-
ness for various institutional and unit training packages which are de-
fined to include the hardware used for training (i.e. the simulator, the
aircraft, and the associated equipment), the method of its utilization,
and the necessary software and training literature. The following train-
ing packages will be addressed:

Institutional Training

1. Use of the CH-47 only (baseline).

2. Maximum use of the CH47FS supplemented by the CH-47 only
for maneuvers and procedures that cannot be practiced or performed in the
flight simulator.

3. Use of the CH47FS and CH-47, in accordance with a POI deter-
mined by the study agency as study progresses.

Unit Training
1. Use of the CH-47 only (baseline).

2. Maximum use of the CH47FS supplemented by the CH-47 only
for maneuvers and procedures that cannot be practiced or performed in the
flight simulator.

3. Use of the CH47FS and the CH-47, in accordance with a POI
determined by the study agency as study progresses.
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Objectives
The objectives of the CTEA are:

1. Determine the training effectiveness of each alternate train-
ing package.

2. Estimate the pertinent costs of each alternate training
package.

3. Determine the cost and training effectiveness of each alter-
nate training package.

4. Rank order the alternate training packages on the basis of
appropriate quantitative cost and training effectiveness measures, and

judgemental evaluations of the situations in which the alternates are ex-
pected to be used.

5. Prepare a recommended CH47FS basis of issue plan (BOIP) for
the preferred packages.

6. Ascertain the impact each alternate training package will
have upon Army-wide combat readiness of Army's CH-47 assets.

Essential Elements of Analysis

The following questions must be answered to meet the objectives
of the study:

1. What are the costs of the alternate training packages?

2. What are the training costs per aviator for the alternate
training packages?

3. At what point in the life cycle of the alternate training
packages (which include the use of the CH47FS) will their costs be

equal to the costs of the baseline training packages (using the CH-47
only)?

4. What is the training effectiveness of each alternate train-
ing package?

5. What is the relative cost and training effectiveness of each
alternate training package?

10




6. What flight maneuvers and procedures (if any) cannot or
should not be practiced in the simulator? What flight procedures and
maneuvers (if any) can or should be practiced in the simulator only?

7. To what extent will the training received by the aviator
in the CH47FS be transferred to actual operation of the aircraft?
(i.e., what is the training transfer ratio?)

8. What is the recommended mix of simulator and aircraft
training?

9. What are the potential contributions of the CH47FS to
combat readiness training?

10. Vhat are the safety benefits of the CH47FS, in terms of
accident costs and casualty rates, that may be expected from less ex-
posure of aviators to training in aircraft?

11. For each year in the study time frame, what is the pro-
jected aviator input for the CH-47 AQC?

12. What should be the basis of issue of the CH47FS?

13. On the basis of cost and training effectiveness, should
the CH47FS simulate the CH-47D? If so, what are the resulting costs?

14. What are the technical, schedule, and cost risks associated
with the CH47FS program?

15. What are the reliabjility, availability, and maintainabil- :
ity characteristics of the CH47FS, and how do these characteristics
affect the cost and training effectiveness of CH-47 aviator training?

16. What are the resource implications of each alternate train-
ing package, considering, in addition to the costs/benefits measured in
dollars, the requirements for manpower, fuel, training airspace, areas,
facilities, time, and environmentsl consequences?

17. Can a reduction in cost be achieved by a modification of
the CH47FS in light of maneuvers that should not be practiced in the
simulator?

18. What are the flight standardization advantages/disadvan-
tages of each alternate training package?

11
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Methodology

The rank ordering of the alternatives and selection of the pre-
ferred training packages will be made on the basis of a variable cost/
fixed effectiveness analysis and judgemental evaluations of the situa-
tions in which the alternates are expected to be used.

Effectiveness Analysis

The following measures of training effectiveness (MOTE), computed
from the data generated by the operational test, will be used:

Aviator performance evaluation scores.

The hours of training necessary to provide a CH-47 Aircraft
Qualification Course (institutional training) student with the skills
necessary to enable him to successfully complete the aircraft type
qualification examination (i.e., to achieve a minimum score of 70) under
the meteorological conditions which allow for safe flight of the air-
craft and permit performance of required maneuvers and skill demonstra-
tion.

The hours of training necessary to provide a CH-47 aviator
(unit training) with the practice necessary to maintain the skills re-
quired to successfully complete the aircraft examination ride (i.e., to
achieve a minimum score of 70) under the meteorological conditions cited
above.

For each of the three institutional training package alternatives
(i.e., (1) CH-47 only, (2) simulator only, and (3) a mix of simula-
tor and aircraft training), the mean number of hours of training and the
mean aviator-performance score on the aircraft checkride will be computed.
For the third alternate the preferred mix of simulator and aircraft train-
ing will be determined using the Cumulative Training Effectiveness Func-
tion, CTEF, expressed by:

- A
CTBF-—AC—SE—EQ
wvhere
= mean number of hours to train the task to criterion, using
only the aircraft.

S; = mean number of hours to train the task to criterion, or to
the highest proficiency practically obtainable, using the
simulator only.

12
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= mean number of hours (if any) to train the task to crite-
rion in aircraft, following SB hours of training in the
simulator

If the CTEF for a task>1, the task is more effectively learned
in the simulator. If the CTEF for a task<1, the training effective-
ness or the simulator is equal to, or less than the effectiveness of
the aircraft, and other factors (e.g., cost) must be considered.

For unit training, proficiency baseline will be established by
the mean aviator performance score on the initial aircraft checkride,
and the mean number of hours of training and mean performance scores
on the final checkride, computed as for institutional training.
Similarly, determination of the preferred mix of simulator and air-
craft training for the third alternate will be computed as for insti-
tutional training.

Cost Analysis

The life cycle cost estimate (LCCE) for alternate training packages
for both institutional and unit training will be determined in terms of

training cost per aviator for each alternate, and total cost for each
alternate.

Training cost per aviator for ith alternate, tey, is expressed by:

tey = (Hg x Cp) + (Hg x C)

vwhere
= Number of aircraft hours

Cq = Cost per aircraft hour

H_, = Number of simulator hours

Cg = Cost per simulator hour

The total cost for the ith glternate, TC,, is expressed by:
TCy = P x tey

where

P = The number of pilots trained

13
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To determine these cost estimates, the following subanalyses will
be conducted:

1. LCCE will be developed for flight simulator buy sizes of
one to ten units. Additionally, the modification cost of converting
a CH47FS from a CH-47C to a CH-47D aircraft simulator will be deter-
mined.

2. LCCE (adjusted to FY78 dollars) for the CH-47C and
CH-47D aircraft to be purchased for training will be determined.

3. Scheduling, technical, and cost risks associated with
the CH47FS will be identified, and their impact upon costs will be
addressed.

In addition, a side analysis will be conducted to determine the
safety benefits in terms of costs and casualties avoided by training
in the CH47FS in lieu of the CH-47 aircraft. This analysis will be re-
quested from the US Army Agency for Aviation Safety (USAAAVS).

Basis of Issue Plan

Because a current generation flight simulator can be considered
for all practical purposes a nearly ten-million-dollar permanent in-
stallation, the number of simulators procured, and their locatioms,
must be carefully determined. To accomplish this, a mathematical model
will be developed for determining the optimum Basis of Issue Plan (BOIP)
for flight simulators. A recommended BOIP for the CH47FS will be pre-
pared as part of the CTEA.

The BOIP model will be based on previously developed mathematical
programming models (e.g., Heuristic Warehouse Location Program devel-
oped by Kuehn and Hamburger), and consider aircraft and aviator loca-
tions, numbers of aviators with specific qualifications and flight
status categories, costs of transportation, aviator densities within
various radii of proposed simulator locations, specific training needs,
and other relevant factors, all of these projected over the expected
life of the simulators.

ADDITIONAL EVALUATION REQUIREMENTS

The ongoing evaluation of the CH47FS represents a significant ad-
vance in the procedures and methods for validation of the Army's stated
flight simulator requirements. However, because of time and resource
constraints, many questions pertaining to cost and operational effect-
iveness of flight simulators remain to be answered.

14




To find answers to these questions, future simulator evaluation
efforts should address the following additional operational and tech-
nical issues:

1. Relative contribution of simulator subsystems and com-
ponents to effectiveness of training.

2. Suitability of the simulator for other than initial air-
craft qualification and CRF training.

3. Criteria needed for selection of members of test and con-
trol groups to minimize biasing of test results by matters extraneous
to the test objectives.

4. The effect of sequencing of simulator and aircraft train-
ing on training effectiveness.

5. The effect of trainee and instructor aptitudes and ex-
perience on the effectiveness of simulator training.

6. The relative effectiveness of training to criterion levels,
as opposed to training for specified training periods.

7. The relevance of fidelity of simulation to training ob-
jectives.

8. The effect of trainee and instructor attitudes on the
effectiveness of simulator training.

9. Establishment of standards for instructor qualification.

10. The effect of training program content on training
effectiveness.

11. The effect of instructional features of the simulator
on training efficiency and effectiveness.

12. The effect of instructional techniques on training effi-
ciency and effectiveness.

13. Establishment of requirements for tactical situation
simulation.

14. Effect of "G" cues on the performance of specific maneu-
vers and on training effectiveness of the simulator.

15
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APPENDIX C
MINUTES OF THE CH47FS CTEA SAG I

DEPARTMENT OF THE ARMY
CH-47 FLIGHT SIMULATOR COST AND TRAINING EFFECTIVENESS ANALYSIS
STUDY ADVISORY GROUP

19 November 1976

SUBJECT: Minutes of Study Advisory Group Meeting I (SAG I)

1. The SAG was convened 18 Nov 76, 0900 hours, in building 506, USAAVNC,
Ft Rucker, Alabama., The purpose of the meeting was to brief the SAG
members on the CH47FS system and Operational Test (OT II) plan, to
review the draft study plan, and to provide guidance to the study

group.

2. A list of attendees and the agenda are attached as inclosures 1 and
2, respectively.

3. Opening remarks by Mr. Toomepuu, Deputy Chairman, emphasized the
importance of the study. The study can be expected to have a great
impact on Army aviation training and combat readiness and the expendi-
ture of hundreds of millions of dollars. The scope and methodology of
this study can be expected to make it a model for future flight simulator
cost-effectiveness studies.

4. Briefing on the CH47FS system was presented by Mr. Paul Walker, DAC,
PM TRADE.

5. Briefing on the Operational Test (OT II) was presented by CPT McGaugh,
DCD, USAAVNC and Dr. Holman, Army Research Institute, Ft Rucker Field
Office. CPT McGaugh gave an overview of the OT II plan and Dr. Holman

gave the plan for determining the transfer of training from the simulator
to the aircraft, .

6. The study plan discussion was led by CPT Mowdy, USAAVNC CH47FS CTEA
Project Officer. The effectiveness methodology was briefed by Mr. Songy

and the cost methodology by MAJ Wallace, members of the USAAVNC CH47FS
CTEA Study Group.

7. Recommendations from TRASANA, TRADOC DCSCD (Analysis Cffice), and
other agencies concerning revisions to the draft study plan were con-
solidated, reviewed, and incorporated as appropriate. After careful
consideration of all recommendations, the SAG unanimously recommended the
submission of the plan as amended by the SAG to the TRADOC Deputy Chief of
Staff for Training for approval.

8. The meeting adjourned 1200 hours, 19 November 1976.
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CH-47 FLIGHT SIMULATOR COST AND TRAINING EFFECTIVENESS

1. Members of the SAG:
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