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CHAPTER 1.

INTRODUCTION

There is an ever-increasing emphasis throughout the De-
partment of Defense (DoD) on reducing the costs and improving
the effectiveness of military equipment. Constraints on mil-
itary budgets, coupled with inflation and mounting operation
and support costs, are prompting a search for positive methods
of cost reduction in the acquisition and life cycle of all ve-
hicles and equipment. The traditional effort has been a com-
prehensive reliability-improvement program involving parts
screening, predictions, more stringent specifications, and
rigorous demonstration and acceptance testing. While some
improvements have been made, such programs have produced less
than the desired overall result.

The effort reported here represents one element of a new
initiative by the U. S. Army Applied Technology Laboratory to
reduce Operating and Support (O&S) costs for Army helicopters.

PURPOSE

U. S. Army Contract DAAJ02-75-C-0050 was performed to
develop, qualify, 2light test, and demonstrate the Structural
Integrity Recording System (SIRS). SIRS incorporates advanced
technology hardware to provide a cost-effective method of
tracking the accumulation of fatigue damage on critical heli-
copter dynamic components. The system monitors the variations
in fleet utilization on a helicopter-by-helicopter basis so
that helicopter components may be replaced according to heli-
copter usage for safer and more economical operation. The
high-value, fatigue-sensitive components selected for the SIRS
Development Test and Evaluation (DT&E) and Initial Operational
Test & Evaluation (IOT&E) are identified in Table 1. These
components were carefully selected since they have been found
to be OS cost drivers through years of service experience
that includes operations in Southeast Asia. Illustrations of
these components may be seen in Figures 1 through 6. They
represent three elements of the AH-lG fatigue-sensitive
dynamic assemblies, which are:

* Main Rotor Hub and Blade Assembly

* Main Rotor Control System

• Tail Rotor and Control System

15



Figure 1. AlH-1G Helicopter.
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Main Rotor Hub and Blade Assy

1. Main Rotor Blade
2. Main Rotor Yoke Extension
3. Main Rotor Grip
4. Main Rotor Pitch Horn
5. Main Rotor Retention Strap 4

Fitting/Nut68

Main Rotor Contr.ol System

6. Swashplate Drive Link 9\
(Scissors Assy) ,

7. Swashplate Outer Ring
8. Swashplate Inner Ring
9. Hydraulic Boost Cylinder .

Assy

Tail Rotor and Control System -

10. Tail Rotor Blade -

_____ _____ ____10

LL

Figure 2. Location of Selected Fatigue-Critical Components
for the Alt-IG/SIRS Program. (Tt-1 helicopter shown)
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Figure 3. Main Rotor lub and Blade Assembly.
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Figure 5. Hydraulic Boost Cylinders and Supports.
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TABLE 1. SELECTED FATIGUE-CRITICAL COMPONENTS FOR
THE AH-lG HELICOPTER/SIRS PROGRAM

Nomenclature Part Number

Main Rotor Blade 540-011-250-1
Main Rotor Yoke Extension 540-011-102-13, -15
Main Rotor Grip 540-011-154-5
Main Rotor Pitch Horn 209-010-109-5
M/R Retention Strap Fitting/Nut 540-011-113-1, -177-1
Swashplate Drive Link 209-010-408-7
Swashplate Outer Ring 209-010-403-1
Swashplate Inner Ring 20d-010-402-1
Hydraulic Doost Cylinder Assy 209-076-021-1, -3, -5
Tail Rotor Blade 204-011-702-17

SIRS OVERVIEW

SIRS is a total system comprising an airborne micro-
processor-based recorder, a portable flight-line retrieval
unit, and a data processing package. The recorder monitors
various flight parameters and stores preselected types of
operational data w;ithin the recorder's solid-state memory.
Data are retrieved b;, a portable flight-line retrieval unit
that transfers the recorded data onto removable, miniature,
computer-compatible tapt cassettes. Each cassette can store
the average monthly operational data of 50 helicopters. The
data are processed and analyzed automatically by a software
system that prints out the results in specifically formatted
reports.

APPROACH

The contract performance consisted of two phases. Phase
I (DT&E) covered these phases of SIRS: design, fabrication,
qualification testing, reliability analysis, and flight test-
ing at Fort Rucker, Alabama, on an AH-lG heiicopter. The
ultimate objective of Phase I was to verify that the SIRS
recorder and data retrieval unit functioned as designed, oper-
ated reliably, and yielded accurate data.

In order to determine the fatigue life of any structure,
three basic factors must be known. These factors are (1) some
knowledge of the fatigue characteristics of the structure,
(2) a knowledge of the loads or stresses to be expected in
flight, and (3) a knowledge of the frequency of occurrence of
these loads or stresses.

The information to fulfill the first item is obtained
from the fatigue test program and the information to fulfill
the second item is available from the flight loads survey.
Information to fulfill the third basic requirement is the

22



purpose of SIRS. Thus, Phase II (IOT&E) was intended to eval-
uate the entire SIRS in a practical application. To this end,
the SIRS recorder was installed in each of five AH-IG helicop-
ters at Fort Rucker, Alabama, while these helicopters perform-
od normal operations during a 3-month period. During Phase II,

k all processes in the SIRS were evaluated: the in-flight re-
cording and data storage, the data retrieval, and the data pro-
cessing and analyses. Finally, the resultant data in pre-
scribed formats were evaluated to determine (1) their validity
in representing incremental damage rates for the respective
helicopter components and (2) their usefulness in indicating
the times at which the various components should be replaced.

PROGRAM EXECUTION

Contract DAAJ02-75-C-0050 was issued 26 June 1975 on a
cost-plus-fixed-fee basis. The estimated manpower requirement
was 31,029 man-hours. The contract was modified eight times
during the performance period. These modifications essen-
tially involved detail changes. Residual Government property
was transferred to Contract DAAJ02-77-C-0079 upon completion
of this effort. Technical objectives were met, and should
result in a more cost-effective execution of the Army attack I
helicopter program through the 1990's time frame. The feasi-
bility of using a flight condition monitoring concept to ex-
tend the service life of high-cost parts on the AH-lG fleet
was demonstrated. The effort provides a con'inuum between
phasedown of the AH-IG project and initiation of the AH-IS
technical support program.

23
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CHAPTER 2.

SYSTEM DEFINITION

INTRODUCTION

As demonstrated in Reference 1, the flight condition mon-
itoring (FCM) method can be used to assess the fatigue damage
accrued in critical helicopter dynamic components. The devel-
opment of an FCM system requires first defining given flight
conditions (which describe the mission profile) in terms of
flight parameter ranges and then establishing flight condition
categories (representing one or more flight conditions) that
account for the entire spectrum of fatigue-damaging flight
operations. By monitoring the time spent in each flight
condition category, the damage accrued by each component may
be assessed on the basis of actual operation.

The following sections describe the FCM methodology as
well as the development of an FCM system for the AH-lG heli-
copter.

FLIGHT CONDITION MONITORING METHODOLOGY

The FCM method of fatigue damage assessment is structured
as follows: Defined in terms of specific combinations of
flight parameter ranges, each flight condition category (FCC)
represents one or more flight conditions. The component
damage due to each flight condition may be determined when the
loads during the flight condition, the number of flight
occurrences, and the component fatigue strength are known. To
ensure that the damage rate for each flight condition category
is conservative, the maximum flight condition damage rate
within the given flight condition category is chosen. Then
the component damage accrued during a given recording period
may be computed by Equation (1), and the flight condition
category incremental damage may be summed to yield the total
component damage. The total recorded time is calculated by
Equation (2), and the fatigue life is predicted by Equation
(3).

1. Johnson, R.B., Martin, G.L., and Moran, M.S., A FEASI-
BILITY STUDY FOR MONITORING SYSTEMS OF FATIGUE DAMAGE TO
HELICOPTER COMPONENTS, Technology Incorporated; USAAMRDL
Technical Report 74-92, Eustis Directorate, U. S. Army
Air Mobility Research and Development Laboratory, Fort
Eustis Virginia, January 1975, AD A006641.
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where D = total damage to a component during the usage spectrum

Dk = component damage accrued during the kth flight condi-
tion category

Ck = damage rate in kth flight condition category for a
particular component

Tk = amount of flight time spent in kth flight conditioncategory

Tt = total flight time

FL = component fatigue life

m = number of flight condition categories

The FCM method of fatigue damage a.sessment requires ana-
lyzing the manufacturer's fatigue analysis to first define a
technically feasible FCM system and then to establish damage
rates for each component in each flight condition category.
After these data have been developed and substantiated, the
selected flight parameters may be monitored to assess the ac-
crued fatigue damage of critical helicopter dynamic components.

ELEMENTS OF AH-lG FATIGUE ANALYSIS PERTINENT TO FCM SYSTEM
DEVELOPMENT

As discussed in Reference 2 and summarized in Table 2, the
AH-IG design utilization spectrum is defined in terms of speci-
fic flight conditions and the percentage of flight time spent
in these flight conditions.

2. Seibel, J., FATIGUE LIFE SUBSTANTIATION OF DYNAMIC COMPO-
NENTS OF THE AH-lG HELICOPTER, Report No, 209-099-064,
Bell Helicopter Company, Fort Worth, Texas, June 1968.
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TABLE 2. DESIGN UTILIZATION SPECTRUM
S of Flight Time

Gross Weigh't
Flight Conditions Total Breakdown

I. Ground Conditions

A. Normal Start 0.5000

B. Shutdown 0.5000

II. IGE Maneuvers

A. Takeoff

1. Normal L-GW 0,180

M-GW 0.450
11-GW 0.270

0.9000

2. Jump L-GW 0.020
M-GW 0.050
ll-6W 0.030

0. 1000

B. lovering

1. Steady I,-GW 0.434
M-GW 1.085
II-GW 0. 651

2.1700

2. Right Turn L-GW 0.020
M-GW 11.050
!I-GW 0.030

0.1000

3. Left Turn ,-GW 0.020
M-GW 6.050
II-GW 0.030

0. 1000

4. Control Correction

(A) Longitudinal L-GW 0.002
M-GW to. 005
11-GW 0.003

0. 0100

(B) Lateral L.-GW 0.002
M-CW 0.005
H- GW 0.003

0.0100

(C) Rudde, L-GW 0.002
M-GW (1.005
11-GW 0.003

0. 0100

C. Sideward Flight

1. To the Right L-GW 41.050
M-GW 0.125
1-GW 0.075

0.2500

2. To thi Left L-GW 0.050
M-GW 0.125
Il-GW 0.075

0.2500

D. Rearward Flight L-GW 0.050
M-GW o.125
II-GW 0.075

o. 2500
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TABLE 2. Continued
%of Flight Time

Fross Weight
Flight Conditions Total Breakdown

E. Acceleration
[lover to Climb A/S L-GW 0.100

M-GW 0.250
H-GW 0.150

0.5000

F. Deceleration

1.Normal L.-Glq 0.140
M-6W 0.350
11-6W 0.210

0. 7000

2.Quick Stop 1.- Gi 0.050
M-GW 0.150
11-GW 0.090

0.3000

G6. Approach and ..I-GW 0.200
Landing M-6WV 0.500

11-GW 0.300
1.0000

111. Foeward Level Flight

A ir s pe(I R PM

A. 0. 50 ViI 314 I.-6WV 0.100
NM-6W 0.250
11-6W 0.150

0. 5000

324 L-GW 0.900
INI - GI 2. 250
11-6W 1.350

4. 5000

li. 0.60 ViI 314 I.-GW t,.04 0
M-GW 0.100
11-GW 0.060

0.2000

324 I.-6W 0.360
M-6W o.900
11-6W 0.S40

1 .8000

C. 0. 70 Vil 314 I.-GW 0.060
M-6W 0.150
11-6W0.090

0.3000

324 !,-GW 0.540
M'-6W 1.350
11-6W 0.810

2.7000

D. 0.80 VIII 314 L,-6W 0.300
NI-GW 0.750
11-GW 0.450

1.5000

324 L-GW 2.700
?I-6W 6.750
11-6W 4.050

13. 5000
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TABLE 2. Continued

% of Flight Time
Gross Weight

Flight Conditions Total Breakdown

E, 0.90 VH 314 L-GW 0.500
5I-GW 1.250
H-OW 0.750

2.5000

324 L-GW 4.500
M-GW 11.250

Il-OW 6.750
22.5000

314 L-GW 0.200
M-OW 0.500
Ii. GW 0.300

1.0000

324 L-GW 1.800
M-OW 4.500
H-OW 2.700

9. 0 000

IV, Non-Firing ManeOuvers

A. Izull Plower Climb

1, Normal L-OW 0.800
M-GW 2.000

Ii-GW 1.200
4.0000

2. Iligh-Speed L-GW 0.200

H-GW 0.300
1.0000

B. Maximum Rate Accel. 56
Climb -Cruise A/s L-OW0.6

M-OW 1.400

Hi-OW 0.840
2.8000

C. Normal Turns

1, To the Right

(A) 0.-5 V11 1. (w 0.200

HI-OW 0.300
1.0000

()0. 7 V'I L-GW o.200

Il-OW 0.300
1. 0000

(C) 0.9 VH L-GW 0.400

M-OW 1.000
H-OW 0.600

2. 0000

2. To the Left

(A) 0.5 V" L-GIV 0.200
H-OWi 0.500
H-OW o.300

1.0000
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TABLE 2. Continued

I of Flight Time
Gross Weight

Flight Conditions Total Breakdown

(B) 0.7 VIl L-Gl 0.200
H-GW 0.500

11-61W 0.300
1.0000

(C) 0.9 VII L-GW 0.400

M-GiW 1.000
lI-GW 0.600

2.0000

D. 0.9 VII Control :orr.

1, Longitudinal L-GW 0.010

M-GW 0,025
I]-GW 0.015

0.0500

2. L.ateral L-GW 0.010
"-GW 0,025
1-GW 0.015

0.0500

3. Rudder L-,W 0.010
M-6GW 0.025

Il-rW 0.015
0.0500

I- Sideslip L-GW 0.100
H-61W 

0.250

1-GW 0.150
0,.5000

p. Part Power Descent .-GW 0.510
' -Gil 1. 275
]I-6W 0.765

2.5500

V. Gunnery Maneuvers

A. l'iring in a [lover L-GW o.01
M-Gw 0.038

11-cW 0.023
0.0750

B. Straling iii Accel.
From a lover L-GW 0.010

5I-GW 0.025

1I-GW 0.015
0.0500

C. Gunnery Runs

1. Point Target Runs

(A) To 0.6 VIL L-GW 0.056
M-GW 0.140

II-6W 0.084
0,2800

(B) To 0.8 Vl, L-GW o. 168
-GW 0.420
1-GW 0.252

0.8400

(C) To 0.9 VL L-GW 0.280

M-GW (1.700

l-GW 0. 420
1,4000
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TABLE 2. ContinuedofTm

- dross weight

rlight Conditions Total Breakdown

(D o 1 -GW 0.140

CD T V. -GW 0.10

11-GW 0.800.084

2. Spray Fire D)ives IlW003

(A) To 0.6 NIL L-GW 0.024

11-GW 0.060

12. 100

(BI) To 0.8 VI. 1.-OW 0.072
?-GW 0.180
11-6W 0.108

0.3600

(C) Tro 0.9 V1, L-OW o. 120
M-OW 0.300
11-6W1 060 0.180

Ni1-6 Gi .060

11-GW 0.200.036

1). Gunnery Run Pull up

1. '10 tile Right0031
(A) 0.6 VI. 1 I- Gi 0,0204

M1-6Cw 0.050B
11-6W0.00

0.13000

if-GW 0.10

(C) 0.9 VI. 1-6GW 0.100
%1-6Wl 0.250

11-6W C.0S0

0.1000

2.(A) NhL Left G 0.020

H-611 C.030
(). 1000

(AI) 0.8 VI. 1 I- Gi 0.060

11-6' 0.030
01.13000

(C1) 0.98 VL. L.W o.060

1-Gv 1.1S0

0.5000
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TABLE 2. Continued

% of Fligh Time
GAIN w1eight

Flight Conditions Total Breakdown

(D) VL L-GW 0.020
NI-GW 0.050
II-GW 0.030.1000

3. Symmetrical

(A) 0.6 VL L-GW 0.002
M-GW 0.005

II-GW 0.003
0.0100

(B) 0.8 VL L-GW 0.006
?I-GW 0.015
1- W 0.009

0.0300

(C) 0.9 VL L-GW 0.010
M-Gw 0.025
It-GW 0.015

0.0500

(D) VL L-G 0.002
I- GIV 0.003
IG 0.0100

E. Gunnery Turns

1. To the Right

(A) 0.5 VII I.-6W 0.075
M-GW 0.188
.l-G, 0O. 113

0.3750

(B) 0.7 VII IGI 0.075
NI-GW 0.188

4 1- Grl 0.113
0.3750

(C) 0.9 VII L-GW 0.150
M-GW 0.375ll-6 0I . 225

O0. '7500

2. To the Left

(A) 0.5 VII L-GW 0.07S
M-GW 0.188
II-GW 0.113

o.3750

(B) 0.7 VII L-GW 0.075
M-GW 0.188
lH-GW o.113

0.3750

(C) 0.9 VII L-GW 0.150i I-Gw 0.37S
H-W O. 375

11-GW 0.225
o.7500
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TABLE 2. Continued

%of Fliht T 'ime_r ossleight

Flight Conditions Total Breakdown

F. S-lurns

1. At 0.8 VII I,-GW 0.040
M-GW 0.100
I-GW 0.060

0.2000

2. At VII I,-GW 0.015
M-GW 0.038
It-GW 0.022

0.0750

VI. Power Transitions

A. Power to Auto

1. 0.5 ViI I.-GW 0.010
M-GIw 0.025
II-GW 0.015

0.0500

2. 0.7 VII I,-GW 0.025
M-GW 0.063
II-GIV 0.038

0. 1250

3. 0.9 VII I-G11 0.035
-WGIV 0.088

1i- GW 0.053
0.1750

B. Auto to Power

1. In (,round iffect 1,- GI 0.030
M-611 0.075
iI-GW 0.045

{ 0. 1500

2. 0.4 VII -W 0.020
H-GW 0.050
iI- G V 0.030

0.1000

3. 0.6 VII I,-GW 0.015
M-GW 0.038
lI-GW 0.023

0.0750

4. Max Auto A/S I,-OV 0.005
H-GI 0.013
lI-GW 0.008

0.0250

VII. Autorotation

A. Stabilized Flight

1. 0.4 VII I.-GW 0.040
H-GW 0.100
Il-GW 0.060

0. 2000

2. 0.6 VII I.-GWl 0.280
M - GW 0.700
il-GW 0.420

1.4000
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TABLE 2. Concluded

T% of Flight Time
Gross Weight

Flight Conditions Total Breakdown

3. MIax Auto A/S L-GWl 0.060
M-OW 0.150
II-GW 0.090

0.3000

Bt. Auto Turns

1. To the Right

(A) 0. 4 VII L,-GW 0.010
tf--lW 0.025
it -Gi 0.015

(B) 0. 6 VII L-GW 0.080
M-GW 0.200
II-GW 0.120

0.4000

(C) Max Auto A/S L,-GW 0.010
M -Gi 0.025
II-OW 0.015

2. To the Left

(A) 0. 4 VII 1. -OWi 0.010
M - Gi 0.025

o.0500

(B) 0. 6 VII 1. - GW (f.080
M-GW 0.200
Il-OW 0.120

0.4000

(C) Max Auto A/S 1. - W 0.010
NI-OWi 0.025
[I-W MI0S

0.0500O

C. Auto Landing L,-GW 0.050

1 -GW 
0.125

I-GW 0.075
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The manufacturer assumed that the AH-lG operational time
would be distributed as follows in three gross weight ranges:
(1) 20 percent in a light gross weight (L-GW) range (less than
7750 pounds), (2) 50 percent in a middle gross weight (M-GW)
range (7750 to 8750 pounds), and (3) 30 percent in a high gross
weight (H-GW) range (more than 8750 pounds). This gross weight
distribution was also used in the preliminary development of
the FCM system for the AH-IG.

The fatigue-critical AH-lG components to be used in the
FCM method were selected by determining those major life-
limited components in the main and tail rotor systems that
have a significant effect on the AH-lG life-cycle cost. As a
result, 10 components were selected. For each of these com-
ponents, Table 3 lists the part number along with the manu-
facturer-computed fatigue life and the recommended retirement
life. The component fatigue damage data along with other in-
formation (e.g., component loads data and component S/N data)
needed for performing a fatigue analysis were extracted from
the fatigue substantiation report (Reference 2).

TABLE 3. SELECTED FATIGUE-CRITICAL COMPONENTS
FOR THE AH-lG HELICOPTER

Calculated Recommended
Fatigue Retirement

Nomenclature Part Number Life(hr) Life (hr)_,

Main Rotor Blade S40-011-250-1 2,792 1,100

Main Rotor Yoke Extension 540-011-102-13,15 10,633 3,300

Main Rotor Grip 540-011-1S4-5 95,057 --

Main Rotor Pitch lHorn 209-010-109-5 9,105 6,600

M/R Retention Strap Fitting/Nut 540-011-113-1,-177-1 2,760 2,200

Swashplate Drive Link 209-010-408-7 13,953 11,000

Swashplate Outer Ring 209-010-403-1 9,806 3,300

Swashplate Inner Ring 209-010-402-1 10,453 3,300

Hydraulic Boost Cylinder Assy 209-076-021-1,3,5 3,345 3,300 )
Tail Rotor Blade 204-011-702-17 3,764 1,100
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TECHNICAL ACCEPTANCE CRITERIA FOR FCM SYSTEMS

Basic Definition of Technical Acceptance Criteria

In the development of the FCM system for the AH-1G, the
technical acceptance criteria developed in Reference 1 were
applied to several candidate systems.

According to these criteria, an FCM system must be capable
of predicting, for each component, fatigue lives that fall be-
tween a conservative lower bound and realistic upper bounds.

One upper bound is defined for mild aircraft usage and another
upper bound for severe aircraft usage (see Figure 7). The in--
tent in these criteria of the upper bounds for both mild and
severe conditions is to evaluate candidate FCM systems relative
to the usage variations in the expected fleet operation spectrum.

The application of the technical acceptance criteria re-
quires the following: (1) the definition of the lower bounds
for the component fatigue lives, (2) the substantiation of a
fatigue damage assessment model (specifically, the computer
program FATHIP) that closely parallels the fatigue analysis
used by the AH-lG manufacturer and which may be validly used
in the applications discussed later in this section, and (3)
the derivation of realistic upper bounds for the component
fatigue lives in both a mild and a severe usage spectrum by
applying the substantiated fatigue damage assessment model.

COMPONENT: XX

Upper
Bound Candidate FCM system

must predict fatigue

Upper lives falling in
Bound

shaded region for
aboth spectrums to

: . '. satisfy criteria.

Lower Lower
Bound Bound

MILD SEVERE
SPECTRUM SPECTRUM

Figure 7. Depiction of Technical Acceptance Criteria.
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Definition of Lower Bounds for Component Fatigue Lives

Table 3 includes the manufacturer-computed fatigue lives

and the recommended retirement lives for the 10 selected com-
ponents. The manufacturer's computations were based on the I
design utilization spectrum summarized in Table 2. Since

such a spectrum is conventionally more severe than the actual
usage anticipated during the helicopter life, the computed
fatigue lives are conservative. As is apparent in Table 2,
the recommended retirement lives are generally much shorterthan the fatigue lives.To conform with the philosophy in previous studies, the

recommended retirement lives were defined as the lower bounds.

Substantiation of Fatigue Damage Assessment Model (FATHIP)

FATHIP, the fatigue damage assessment model used in the
following applications, computes fatigue damage in a manner
similar to the AH-lG manufacturer's process. To substantiate
this model, the same component load, S/N, and frequency of
occurrence data used in the manufacturer's computations were
also used as input in FATHIP. Obviously, if FATHIP could
yield fatigue lives agreeing closely with th se derived by the
manufacturer, the model would be substantiated.

For both the manufacturer and the FATHIP computations,
Table 4 lists the fatigue damage accrued by each of the 10
selected AH-IlG components during 100 hours of operation in the
design utilization spectrum. The close correlation of the two
sets of data verifies FATHIP as a valid fatigue damage assess-
ment model for the AH-lG helicopter.

TABLE 4. COMPARISON OF MANUFACTURER AND FATHIP FATIGUE
DAMAGE AND FATIGUE LIFE COMPUTATIONS

Design Spoctrum
'l{anu factuirer' s "-- _---'--- _______

Reference 2 Computations* Results
Fa t igue Ta t Fue Ta-tigue -Tat igucDamage I. i fe IDamage I ce

Coponent in 100 hr (% in 100 hr (hr)

Main Rotor Blade 0.035810 2,792 0.035806 2.793

Main Rotor Yoke ILxtension 0.009404 10,633 0.009403 10,635

Main Rotor Grip 0.00i052 95,057 0.001053 95,012

Main Rotor Pitch Iorn 0.010983 9,105 0.010982 9,106

M/R Retention Strap I ittng/Nut 0.036232 2,760 0.036232 2,760

Swashplate Drive link 0.007167 13,953 0.007164 13,959

Swashplate Outer Ring 0.010197 9,806 0.01019o 9,808

Shashplate Inner Ring 0.009566 10,453 0.009562 10,458

Hydraulic Boost Cylinders 0.029890 3,345 0.029895 3,345

Idil Rotor Blade 0.026S67 3,764 0.026568 3,764
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Derivation of Upper Bounds for Component Fatigue Lives
in Both Mild and Severe Utilization Spectra

Without regard at the outset to which might be the more
severe spectrum, two utilization spectra were derived indepen-
dently from separate sources: (1) the AH-lG operational usage
data collected in Southeast Asia (Reference 3), and (2) the
expected future mission utilization data for attack-type hel-
icopters (also documented in Reference 3). As listed in Table
5, each spectrum was defined in terms of the same flight con-
ditions that were used to define utilization spectrum. In
addition, the gross weight distribution assumed in Reference
2 was used for each spectrum.

To assess the relative severity of the two utilization
spectra from a fatigue damage standpoint, the two spectra were
then processed in FATHIP to predict the fatigue life for each
of the 10 selected components. On the basis of the resulting
fatigue life predictions, the spectrum representing the South-
east Asia data was judged more severe than the spectrum repre-
senting the other data. Consequently, the former was termed
the severe spectrum and the latter the mild spectrum. However,
these spectra are not to be interpreted as worst-case usage,
but rather as the mild and severe usage that would normally
occur with some regularity.

The two sets of fatigue lives derived by FATHIP for each
of the 10 selected components were defined as the upper fatigue
life bounds, one set for the mild and the other set for the
severe utilization spectrum. Table 6 lists these bounds.
Since this table also includes the lower fatigue bounds as
previously listed in Table 3, it summarizes the constraints
for the application of the technical acceptance criteria to
the candidate FCM systems for the AH-lG helicopter.

Therefore, to be considered technically acceptable, a
candidate FCM system must be capable of predicting, for each
component, a fatigue life within these bounds when the basic
frequency of occurrence data in either the mild or the severe
spectrum is the simulated output of an airborne FCM recorder.

3. Cox, T.L., Johnson, R.B., and Russell, S.W., DYNAMIC
LOADS AND STRUCTURAL CRITERIA, Technology Incorporated;
USAAMRDL Technical Report 75-9, Eustis Directorate, U. S.
Army Air Mobility Research and Development Laboratory,
Fort Eustis, Virginia, April 1975, AD A009759.
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TABLE 5. MILD AND SEVERE SPECTRUM DEFINITIONS

FLIGHT CONDITION DEIGN MILD .,EVERE

I NORMAL STAPT SIHUTDOhN *I COLL. IGE MANEUVER) 1•000 .290 .616
' rOFMAL TAkE-OFF IGE MANEUVER' .900 2.558 •750
- JUMP TAI E-OFF IGE MANEUVER' . 100 .65L .188

4 ITEADY HOVER IGE MANEUVER) 2.'170 11.530 I •9585 HOVERING RIGHT TURN IGE MANEUVER) .100 2.387 .817

6 HOVERING LEFT TURN IGE MANEUVER) .100 .887 .817
7 HO':EF ING LONGITUDINAL CONTROL CORP. IGE MANEUVER) .010 .126 .027
: HOVERING LATERAL CONTROL CORP. IGE MANEUVER; .010 .16 .027
9 HOVERING RUDDER CONTROL CORP. IGE MANEUVER) .010 .1 6 .ua7

10 . IDEWARD FLIGHT TO THE RIGHT IGE MANEUVERI . 50 2.110 • 409
11 SIDEWARD FLIGHT TO THE LEFT eIGE MANEUVER' .250 2.110 .40?
1a REARhlARDt FLIGHT IGE HANEUVER) .50 1.61uo .241
13 ACCELERATION HOVER TO CLIMB A S IGE MANEUVER) .50' •s.248 .456
14 NORMAL DECELEPATION I'5E MANEUVER, .700 a.:' ".519
15 OUIC STOP DECELERATION 'IGE MANEUVER' ".'00 .82:1 2.519
16 APPROACH RtD LANDING IGE MANEUVER) 1. 000 385 4.5a?
17 FORW.APD LEVEL FLIGHT 0.50 VH FIT 314 RPM .500 1.550 1.2 60
1, FOPRWAD LEVEL FLIGHT (1. 5u VH AT -,4 PPM 4.500 .180 11.296
I? FORWAFD LEVEL FLIGHT V.e0 VH AT 314 RPM 2Ot, 1.040 1.20t
,'U FORWARD LEVEL FLIGHT 0.t0 VH AT 324 RPM . 0', .115 10.867
21 FORWbARD LEVEL FLIGHT 0..0 VH AT 314 RPM .30 . 5u .657
2E FORWARD LEVEL FLIGHT 0.70 VH AT 3'4 RPM 2.1700 .040 5. :56
23 FOPWARD LEVEL FLIGHT 0..80 VH AT 3"14 RPM 1.500 .171 .241
E4 FORWARD LEVEL FLIGHT 0.80 VH AT 3 4 RPM 13.so: .0 0 2.171
25 FORWARD LEVEL FLIGHT U.?u 'VH AT 314 RPM 2.500 .313 .013
2p, FORIARPD LEVEL FLIGHT u.?0 VH AT 3 4 RPM 2 .500 .232 .157
27 FORW1ARD LEVEL FLIGHT VH AT 314 RPM 1.000 .010 .013
28 FORWARD LEVEL FLIGHT VH AT 324 RPM .. 000 .001 .161
? NOPMAL FULL POWER CLIMB 4. 000 5.375 6.17

,0 HIGH-SPEED FULL POW4ER CLIMB 1.000 .19 2.644
?1 MAX. RATE ACCEL. FULL POWER CLIMB TO CRUISE A 2.800 - .848 8.154
3.2 NORMAL RIGHT TURN AT 0.5 VH 1.00 b.1 1.116
3 NORMAL RIGHT TUPN AT 0.7 VH 1.000 2.188 1.116

::4 NORMAL RIGHT TURN AT 0.9 VH '.0u0 .438 .248
5 NORMAL LEFT TURN AT 0.5 VH 1.i'00 5.671 1.116

O6 ORMAL LEFT TURN AT 0.7 VH 1.00c) 2.0 6 1.116
NORMAL LEFT TURN AT 0.9 VH 2.000 .406 .248

38 LONGITUDINAL CONTROL CORP. AT 0.9 VH .050 .050 .001
9'? LATERAL CONTROL CORP. AT 0.9 VH .050 .050 .001

40 RUDDER CONTROL CORP. AT 0.9 VH .050 .050 .001
41 SIDESLIP .500 .113 .013
4a PART POWER DESCENT 2.550 6.471 7.679
43 FIRING IN A HOVER .075 19.047 .230
44 STRAFING IN ACCEL. FROM A HOVER .050 .67 .270

3
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TABLE 5. Concluded

. . ...... T.... I... ... . MILD :E%. . E

45 GUNNEPY RUN-PT. TARGET DIVE AT 0.6 VL .280 .656 .734
40 GUNNERY RUN-PT. TARGET DIVE AT 0.8 VL .q40 .Z52 .734
47 GUNNERY PUN-PT. TARGET DIVE AT 0.% VL 1.400 .051 .a01
48 GUNNERY RUN-PT. TARGET DIVE AT VL .-80 .051 .a0l
44 GUNNERY RUN-SPRAY FIRE DIVE AT 0.# VL .180 .656 1.136
50 GUNNEPY RUI-SPRAY FIRE DIVE AT 0.8 VL .360 .258 1.136
51 GUNNERY RUN-SPRAY FIRE DIVE AT 0.9 VL .o .051 .300
$a GUNNERY PUN-SPRAY FIRE DIVE AT VL .120 .051 .300
53. GUNNERY RUN-Pd' TO THE RIGHT AT 0.6 VL .10O .Z49 .440
54 GUNhERY PUM-PAU TO THE RIGHT AT 0, VL . 30v .24q .45055 GUNNEr, PU-PU TO THE RIGHT AT 0.4 VL .5013 .0b2 .120
Sto GUhHErP PU-P-U TO THE FIGHT AT VL .100 .06 .110
57 GUHHERY RU-P.U TO THE LEFT AT 0., VL 100 .44 .440
45 GUNNERV RU-P-U TO THE LEFT AT 0.0 VL .3, .8414 .450
54 GUNNER', PUN-P-U TO THE LEFT AT 0.9 VL .50n .0O8 .120
tu GUHNERN RUN-PU TO THE LEFT AT VL .100 .0Ob .110
-l GUNNERY RU-P'USYMETPI CAL) PT 0.t VL .010 .5 .100
t- GUNNERY RUH-P'U'SMMETPICAL AT 0.8 VL .030 .055 .100
0O GUhERY RU"-PU--SYMMETRICAL) AT 0. *V .050 .014 .0a5
t4 GUNHERY RUN-P U-S',NMETRICAL) AT VI .010 .014 .025
t13 GUNINEP TURN TO THE RIGHT AT hft5 VH .375 1.375 .240
w, GUNNERY TURH TO THE RIGHT AT 0.? VH .3475 1.375 .Iqo
t7 GUHFRY TURN TO THE PICHT AT , VH .rs50 .30t .100
0O GUHER'N TURN TU THE LEFT AT k.1 VH .375 1.375 .240
,4 GUHEM TURN TO THE LEFT AT Q.- VA .37S 1 .375 .'.
T0 GUNNERV TURN TO THE LEFT AT .-.; VH .750 ,.ot *100

TGUNNERY ! -TURN AT 0.0 VH .8o .330 .150
8 GU1NNE9 .- TURh At VH 5 03; 04.0
S3 ROWER 7I0 AUTO. TRANS IT ION AT o, 5 VH )"50 .0?

74 FORER TO AUTO. T AN:ITION AT '.7 VH .IZ5 .010 .
75 POEr TO AUTO. TRAHSITION AT v. , VH .17"5 .010 .00
?, AUTO. TO FOWER TRANSITION IGE .150 .00' .007
77 AUTO. TO FOER TRANS ITION AT v,4 OH .Iu .ulO .010
7S AUTO. TO POWER TRANSITIOh AT V. t VH .075 .00? 007
70 AUTO. TO POWER TRANITION AT MAi. mUTO. A .Q85 .003 ,t'03
.u :TAtILIZEI, AUTO. FLIGHT AT 0.4 VH .avQ .004 .v04
,I .TARILIZEV AUTO. FLIGHT MT U.t VH 1.400, .Lila old
.8 :TA1ILI. AUTO. FLIGHT AT MAX. AUTO. A, .30o .U4 .004
$3 HUT0. TURN TO THE RIGHT AT k.4 $H o.O .0l .vl
i4 AUTO. TURN TO THE NIGHT AT 0. tH .4k0 *t0a 00
;5 AUTO. TUF TO THE RIGHT AT MAI. AUTO. A S. ,o Vu ,olu OI

AUTO. TUR TO THE LEFT AT ",.4 VH .O Ou1 .001
AUTO. TURN TO THE LEFT AT 0.0 VH .400 .001 .oU

3$ AUTO. TUF TO THE LEFT AT MAI . AUTO. A S .oSO .101 .001
$4 AIUTOROTATION LAhIIGN .250 .007 . O7

lot'. OU I ot. Ou I UU. oO0

TABLE 6. UPPER AND LOWER BOUNDS FOR
TECHNICAL ACCEPTANCE CRITERIA

Lower Upper
Fatigue Life Fatigue Life

Bounds Bounds
RecommendeF - Fiv'eyer

Component Lives Spectrum Spectrum

Main Potor Blade 1,100 4,307 3,542

Main Rotor Yoke Extension ,300 24,917 14,779

Main Rotor Grip Unlimited 190,042 69,686

Main Rotor Pitch Horn 6,600 17,953 10,596

M/R Retention Strap Ftg./Nut 2,200 9,517 4,488

Swashplate Drive Link 11,000 27,353 16,513

Swashplate Outer Ring 3,300 18,707 12,325

Swashplate Inner Ring 3,300 25,128 15,481

Hydraulic Boost Tube 3,300 8,635 5,145

lail Rotor Blade 1,100 12,106 7,192
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DEVELOPMENT OF A CANDIDATE FCM SYSTEM FOR THE AH-lG HELICOPTER

The development of a candidate FCM system for the AH-lG
helicopter requires the following procedure: (1) the identifi-
cation of those flight conditions that have the greatest fa-
tigue-damaging effect on the critical AH-lG components, (2) the
ranking of the fatigue-damaging flight conditions according to
both the degree of their damaging effects on the helicopter as
a whole and the relative costs to replace the selected compon-
ents, (3) the selection of the measurable flight parameters
whose collective variations will characterize the flight condi-
tions identified in (1), and (4) the final definition of an
FCM system in terms of specific combinations of flight para-
meters and the threshold levels of these parameters.

The following sections summarize the analytical processes
used in developing an FCM system for the AH-IG.

Flight-Condition Ranking

Of the 89 flight conditions (each with three gross weight
ranges) identified in the AH-lG design fatigue spectrum, some
are damaging to the 10 selected components in varying degrees
while others are not damaging at all. Consequently, the damag-
ing flight conditions had to be first identified and then ranked
according to both the degree of their damaging effects on
the helicopter as a whole and the costs to replace the selected
components.

As was done previously in Reference 1, the fatigue-damag-
ing (sensitivity) rank of each AH-lG flight condition was com-
puted by Equation (4). With relative expense and complexity
of the selected dynamic components being significant factors,
this equation provides the means for representing each flight
condition relative to its rate of producing fatigue damage to
the helicopter as a whole. A normalized rank value was also
computed by Equation (5). The results of the ranking procedure
are shown in Table 7.

LRSR Ea1 (C. (-) . n. D) (4)

all A
components

R (5)
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where R = sensitivity rank value

j CF = estimated relative cost factor for each component
(each component was normalized to 1.0 for the main

rotor blade)

LRLR = ratio of recommended life of each component to an

A assumed aircraft life of 7200 hours

n = number of components per aircraft

D = percentage of fatigue damage to each component due to

a given flight condition

R = normalized rank value

t = flight condition frequency in the design usage spectrum

TABLE 7. RESULTS OF RANKING PROCEDURE
SINS I I IVI IY NOR\AL I ZI:i

I'I,(I COfI IIrroN RANK VALIII RANK VALE

lunnel Run '/ (sy>mretrlcal) at VI .1289 12.8916
unnely v -turn at VII 2.4017 32.0233
(unnerv Run P/i to tle i'eft at VI, 2.6629 26.6288
;unuerv Runl I/i to tie Right at VI, 2.1912 21.9116
lunnery Run i/il ni).nret ical) at 0.9 VI .7996 15.9910
(;unnelv Rul I'/U to tile left at 0.9 VI, 5.0312 10.0623

un lhlo P/ U to the Right at 0.9 VI, 1.6742 7.3485
(;unnerv Run I/ti svmretrital) at 0.8 VI, .1522 5.0733
\ormial tal t/Sihutdown (w/coil.) 1.9272 ".9272
G;nnery - ili at 0.8 VII .7270 3.6352

Iunnery Run I /Il to tile Ieft at 0.8 V1 .9580 3. 1934
\utorotat lon [,1nding .7414 2.9777
,unnel y uln P/il to tile Hight at 0.8 VI, .8523 2.8109

GuSunneiy 1 uin to the R ght 'it 9 VII 1.9089 2.5452
;umllelv loin to tile Left at 0.9 VII 1.5982 2.1309

Gulne v Run-Pt. Itrget [live at VI, .5653 2.088
lIteral (oitiol Corr, at 109 Vii .09i0 1.8191

Guier Run-Spray I ire iive at VI, .260 1.8001

\lto. to Power Iiinltion It Ma\. Auto. A/S .0286 1.1140
liovei Ing longi tudinl o1t1 rol Corr. (I161. Maneuver) .0107 1.0732
R tddei lontlo (orr. at 0.9 VII .0435 .8692
1;Iunn(or u i/il I/ .vlretri., ) ,it 0.6 VI, .0082 .8179

unle Y i/il to tile left at 11.6 Vi, .0794 .7914
Ytinlv :ino i/I to the Right at 0.6 VI. .0718 .7184

o0 1,aId le\el II Ight VII at 311 RPI .5478 .5478

0111nil Left lurn at 0.9 VIi .9934 .4967

l;uIinier r urn to tile Left at 0.5 VII .1675 .4465
IIiner> Iri to tie Ileft at 0.7 VII .1398 .3728

Gunici v Ur to tlie itight at 0.7 VII .1361 .3630
,;l.noie 1v lui i to the Ri gnt it 0.5 VII .1087 .2898

G;uiiel V Run-;prav ire Dive at 0.9 \1. .1731 .2885

Quick Stop Deceleratioll (, Maineuvel) .0826 .2754
\pproah ild ,Illdlll g (IM, aineuve, ) .2285 .2285
(hgh-Sp, ed fitl Power Climb .1247 .1247
Iorwa II level I light VII at 324 RPM 1.0412 .1157

tuto. to Power fristlon at 0.6 Vii .0077 .1024
to. 11 to tIe Rigt Max. Auto. A, .0040 .0809

Longitudli, ('ont 1 i (or . at 0.9 VIi .0037 .0731

(lionel Ruii-lIt. larget hive aut 0.9 VI, .0983 .0702
Iinle r u Oln- lpra) lire liive at 0.8 VI, .0205 .0569

,ioaI Ri ght Tulin at 0.7 Vii .0384 .0384
unnerv Ru-111t. lalget 1Ie .it 0.8 VI, .0271 .0322

tuto. lurn to tile lett at lax. Auto. \/S .0012 .0235
\oinil Right Itill 0.9 \Il .0402 .0201
loerim Iateral (ontiol loll. (d1.1 Maineu\'er) .0001 .0088
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Selection of Characteristic Parameters and Parameter Thresholds

References 4 and S were thoroughly searched for those
flight parameters that have a consistent response to specific
flight conditions. These documents contain pilot stick and
pedal position data, component load data, and helicopter re-
sponse data (such as roll rate, pitch rate, and pitch attitude).
The documented flights, where each flight condition was flown
many times in various gross weight-altitude combinations, were
examined to detect the behavior of each recorded parameter
during the defined flight conditions. (In describing the data
reduction procedure, Reference 4 states that the maximum mean
helicopter attitude and attitude rate values were measured and
processed for each maneuver, but not for the level-flight
flight conditions. The mean and oscillatory center-of-gravity
vertical acceleration levels were measured and recorded at the
maximum mean level for maneuvers and at the maximum oscillatory
peak for the level-flight flight conditions.) The flight condi-
tions that had ranked highly were examined very closely.

Each of the measurable flight parameters listed in Table
8 was considered individually or in combination with others to
determine their potential in flight condition monitoring.

TABLE 8. CANDIDATE MONITORING PARAMETERS
FOR FCM RECORDING SYSTEM

Vertical Acceleration @ c.g. Pitch Attitude

Indicated Airspeed Roll Attitude

Main Rotor Velocity Pitch Rate

Landing Gear Touchdown Roll Rate

Engine Torque Pressure Yaw Rate

Table 9 shows sample data extracted from References 4 and
5 for two flight conditions: the gunnery run pullups to the
right and left at V (V indicates limit velocity). These two
flight conditions wbre bltimately considered sufficiently

4. Wettengel, W.O., MODEL AH-lG NONFIRING LOAD LEVEL SURVEY,
VOLUMES I THROUGH IX, Report No. 209-099-041, Bell Heli-
copter Company, Fort Worth, Texas, June 1967.

5. Long, D.B., MODEL AH-IG HELICOPTER ARMAMENT QUALIFICATION
TEST AND FIRING LOAD LEVEL SURVEY, Report No. 209-099-
031, Bell Helicopter Company, Fort Worth, Texas, November
1967.
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similar to be monitored as one flight condition category de-
fined as follows:

Vertical Acceleration at c.g. > l.5g
Airspeed > 0.9S Vi
100 < Roll Attitude < 350

TABLE 9. SAMPLE LOAD LEVEL SURVEY DATA

Flight Condition Gunnery Run Pullup to the Right @ VL

Origin Vertical Pitch Roll Yaw Pitch Roll
of Acceleration Rate Rate Rate Attitude Attitude

Data* @ c.g.(g) (deg/sec) (deg/sec) (deg/sec) d_e) (deg)

N1  1.94 8 11 S 25 26

N2  1.64 6 12 3 9 22

N3  2.07 9 11 3 18 25

N4  1.77 7 13 6 23 30

N5  1.64 7 8 3 8 24

N6  1.75 7 8 3 8 21

N7  1.62 6 -3 4 -7 20

N8  1.21 2 -2 2 -2 7

N9  1.41 5 10 4 7 23

N 10 1.63 7 13 3 15 25

F 1  2.01 11 18 S 6 26

F2  2.16 11 17 S .5 13

F3  2.09 12 12 6 11 18

F4  1.94 15 12 7 -5 13

F5  1.75 11 18 2 1 16

F6  1.82 10 17 0 1 13

F7  1.72 8 17 4 -4 33

F8  2.23 17 -2 8 12 34

F9  1.82 7 -1 6 11 28

F 10 1.79 9 8 5 17 24

* NOTE:,

Ni indicates data was taken from nonfiring load level survey

F indicates data was taken from firing load level survey

i ndicates number of times flight condition was performed in load level survey
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TABLE 9. Concluded

Flight Condition:, Gunnery Run Pullupto the Left @ V

Origin Vertical Pitch Roll Yaw Pitch Roll
of Acceleration Rate Rate Rate Attitude Attitude
Data* @ c Lg.(gj)_ (deg/sec) (deg/sec) (deg/sec) (deg) (deg)

2.03 10 -9 -6 23 -35

N2  1.73 8 -12 -5 9 -31

N3  1.97 8 -14 -4 13 -33

N4  1.78 8 -12 -4 21 -29

N5  1.63 6 5 0 16 -21

N 6 1.66 4 11 -5 10 9

1.56 5 -7 -S -12 -22

N7
N N8  -1.17 2 -4 -3 -S -4

N9  1.43 6 7 -4 8 -21

NJ() 1.59 7 -15 -7 14 -31

1 2.19 12 -18 2 6 -24

1., 2.20 11 -18 4 -6 -11

F 3  1.83 7 -s -4 4 "9

1,4 1.85 9 -11 0 S -13

I'S  1.86 10 -9 0 18 -10

* NOI.:
N i ndicates data .as taken from no.f-ring load level 5urvey.

N indicates data was taken from firing load level survey.

indicates number of times flight condition was performed in load level survey

In Table 2, where all airspeeds are expressed in terms of
VUt (the maximum attainable level flight airspeed) or VL (the
limit airspeed), the VH of 144 KTAS is defined in Reference 6,
and VL is defined in Reference 7 and shown in Figure 8. In

6. Finnestead, R.L., Laing, E., Connor, W.J., and Buss,
M.W., ENGINEERING FLIGHT TEST, AH-lG HELICOPTER (HUEY/COBRA),
PHASE D PART 2, PERFORMANCE, USAASTA 66-06, U.S. Army
Aviation Systems Test Activity, Edwards Air Force Base,
California, April 1970, AD 874210.

7. Technical Manual, TM 55-1520-221-10, OPERATOR'S MANUAL:
ARMY MODEL AH-lG HELICOPTER, Headquarters, Department of
the Army, Washington, D.C. , 12 December 1975.
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this figure the airspeed limitation for the M-159 external
stores configuration will be incorporated in the FCM system as
a reasonable, although conservative, V definition. Since both
V and V are a function of density alhitude, pressure altitude
ald outside air temperature were included among the required
parameters so that they could be monitored in conjunction with
indicated airspeed. VH and VL can be calculated from the
following equations:

VH = 144 Hd (6)

and VL = 180 knots below Hd = 3000 ft (7)

VL =180 - 8 [ i0 3] for Hd above 3000 ft (8)

where VH = maximum level flight airspeed, knots

VL = limit airspeed, knots

H d = density altitude, feet

the density altitude is calculated from:

9.6307 Pa 235 5

Hd  = 145,447 [1 - (T + 273.18 )  ' (9) BJ

where Pa = static pressure, inches mercury

T outside air temperature, *C.

Since the damage rates for the AH-lG flight conditions
vary significantly with gross weight, that parameter was in-
cluded in the FCM system to further enhance the validity of the
FCM system damage assessment model. The ranges chosen to rep-
resent the low, medium, and high gross weight categories are
listed in Table 10.

TABLE 10. GROSS WEIGHT RANGES

Range
Nomenclature Gross Weight Range (lb)

L-GW less than 7750
M-GW 7750 through 8750
HI-GW greater than 8750
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The following method was chosen as the most practical
means of reasonabl'" estimating the instantaneous gross weight:
(1) measure the takeoff gross weight by a landing skid deflec-
tion technique, and (2) conservatively estimate the instanta-
neous gross weight of the helicopter by only assuming that the
gross weight linearly decreases with fuel burnoff.

Description of Recommended FCM System

The evaluation of all fatigue-damaging flight conditions
relative to the previously described flight parameter behavior

0' led to the selection of the parameters listed in Table 11 as
the set of coordinated parameters which may best describe the

jTABLE 11. SELECTED MONITORING PARAMETERS FOR
FCM RECORDING SYSTEM

Directly Monitored Parameters Symbol

Indicated Airspeed A/S

Pressure Altitude HP

Outside Air Temperature T

Mlain Rotor Velocity MRV

Roll Attitude

Pitch Attitude 0

Vertical Acceleration @ c.g. n.

Landing Gear Touchdown TI)

Engine Torque Pressure IT

Takeoff Gross Weight TGW

Computed Parameters Symbol

Rate of Descent RD

Maximum (Level Flight) Airspeed V

Limit Airspeed V

Instantaneous Gross Weight GW
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fatigue design spectrum in terms of a unique set of flight con-
dition categories (FCC) (See Table 12). Although FCC 83 through
85, 89 through 91, and 95 through 97 do not specifically rep-
resent any of the flight conditions defined in the fatigue
design spectrum, they enhance understanding of the AH-lG oper-
ational usage spectrum. (For example, FCC 96 was intended to
measure and record the magnitude of the largest vertical ac-
celeration peak during a recording period.) Table 12 summarizes
the resultant FCM system recommended for the AH-IG helicopter.
For simplicity, the breakdown of the 89 flight conditions by
gross weight range was not shown in this table.

Note in Table 12 that it was necessary to formulate six
flight condition categories that are not directly recorded
(FCC 98 through 103). These FCC are reserved for estimations
of time spent in making control corrections during hover and
control corrections at 0.9 VF . This provision was made because
the data in Reference 4 revealed that although these flight
conditions could not be confidently detected, their damage
rates were of sufficient magnitude to warrant due recognition.

Therefore, since the control corrections occur on a sta-
tistical basis, it was decided to account for them by first
defining the FCC in which their time would be included (the
hovering control correction times would appear in FCC 1, 2,
and 3, and the control correction times at 0.9 VH would appear
in FCC 14, 15, and 16). A liberal percentage of time (2 per-
cent was chosen) was deducted from these recorded flight con-
dition categories and assigned to FCC 98 through 103.

I

+f
S i

+I
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TABLE 12. FCM SYSTEM SUMMARY

FIt. Cond. Cat. No. Flight Condstion, Included
Flight Condition Type

a  
b

L-GW ,M-GW I-GW Category Description Desig. No. Description

1 2 3 Flight Clock Time T 2 Normal Takeoff (IGE)
3 Jump Takeoff (IGr)
4 Steady llover (IGE)
S lovering Right Turn (IGE)
6 Hovering Left Turn (IGF)

10 Sideward Flight to the Right (IGE)
11 Sidewird Flight to the Left (ICE)
12 Rearward Flight (IGE)
13 Acceleration Hover to Climb A/S (IGE)
14 Normal Deceleration (IGE)
41 Sideslip
43 Firing in a IHover
44 Strafing in Acceleration from a Dlover

4 Rotor Start/Stop C I' Normal Start'Shutdown (ICE)

5 6 7 Quick Stop T 15" Quick-Stop Deceleration (IGE)

8 9 10 Normal landing (" 16* Apnrc,ch aid Landing (IGF)

II 12 13 Low-eloity Fliglt T 17 Forward Level FlIt. 0 .50 V11 and 314 RPM
1 Forward Level Flt. @ O.SO Vi1 and 324 RPM
19 Forward Level FIt. @ 0.60 V and 314 RPM
20 Forward Level Flt. 0.60 V1 and 324 RPM
29 Normal Full Power Climb
32 Normal Right Turn 0.SO V1I
35 Normal Left Turn @ 0.50 V 

14 IS 1 Ihigh-Velocity I light T 21 forward level lI. t 0.70 V:: and 314 RPM
22 Forward Level I'lt @ 0.70 V and 324 RPM
23 Forward L evel lit. 0 0.80 V11 and 314 RPM
24 lorward level lt 0 0,80 V11 and 324 RPM
25 forward Lev,'l lit. 0.00 V1 and 314 RPM
26 I orward Level lIt. @ 0.90 V11 and 324 RPM

42 Part Power Descent

17 18 19 Ma imum VeloLIty I IiAlit T 27' Forward Level !It. @ V and 314 RPM
1* Forward Level Ilt @ V and 324 RPM

20 21 22 lligh-Speed full Power Climb, r NO* }igh-Speed Full Power Climbs
31 Max. Rate Accel. I'ull Power ('limb to

Criise A/S

23 24 25 Normal (high-Speed1 lurns 1 '3' Nolmal Right urn 0 070 V
36 Normal Left Turn 0 0.70 Vi

I I

b 2 20 Normal (High-Speed) Ttna, T 341 Noi ,al Right Turn 9 V

37 Normal Left Turn 0 0 90 V11

29 10 31 lo i- out 4  lve, T IS Gunnery Run Pt. Target Dive @ 0.60 V1
49 Gunnery Run-Spray Fire Dive 0 0.60 V

32 33 31 kloderate-Velocity line, F 46* Gunnery Run-Pt. Target Dive 0 0.80 VL
SO* Gunnery Run-Spray Fire Dive @ 0.80 VL

3S 36 37 Ihgh-\eloclty Dive, T 47' Gunnery Run-Pt. Target Dive @ 0.90 VL
1
* 

Gunnery Run-Spray Fire Dive @ 0.90 V

38 39 40 Maximum.elocity Dlies T 48* Gunnery Run-Pt. Target Dive @ VL
52' Gunnery Run-Spray Fire Dive @ VL

41 42 43 ksymmetrical Pullups r 53* Gunnery Run P/U to the Right @ 0.60 VL
57* Gunnery Run-P/U to the Left @ 0.60 Vi

44 45 4O As~jimetrical Pulluos T 54* Gunnery Run-P/U to the Right e 0.80 VL
58' Gunnery Run-P/U to the Left @ 0.80 VL

47 48 49 Asymmetrical Pullups T 55' Gunnery Run-P/U to the Right @ 0.90 V1
59' Gunnery Run-P/U to the Left @ 0.90 VL'

SO 51 52 Asymmetrical Pullupx T 56' Gunnery Run-P/U to the Right @ 'L
bO* Gunnery Run-P/U to the Left @ VL

4.9
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TABLE 12. Concluded

lIt. Cond. Cat. No. FFgght Condition Type(a) Elight Conditions Included

Category Description Dcsig. No. WI i tson

53 54 55 Symmetrical Pullups T 614 Gunnery Run-P/U (Symmetrical) @ 0.60 VL

56 57 S8 Symmetrical Puliups T 62* Gunnery Run.P/O (Symmetrical) @ 0.80 VL

S9 60 61 Symmetrical Fullups T 63' Gunnery Run-P/U (Symmetrical) 0.90 VL  f,
64' Gunnery Run-P/U (Symmetrical) @ VL

62 63 64 Gunnery Turns T 65 Gunnery Turn to the Right 0 0.50 V..
68* Gunnery Turn to the Left @ 0.50 V H If

65 66 67 Gunnery Turns T 66' Gunnery Turn to the Right 0 O.7d VsJ
69' Gunnery Turn to the Left @ 0.70 VIt

68 69 70 Gunnery Turns T 67' Gunnery Turn to the Right @ 0.90 V 170' Gunnery Turn to the Left R 0.90 V1I

71 72 73 High-Velocity S-Tuin T 71* Gunnery S-Turn @ 0.80 V1

74 75 76 Maximum.Velocity S-7urn T 72* Gunnery S-Turn 8 Vi

77 78 79 Autorotation Clock Timt T 73 Power to Auto. Transition 0.50 V1I
74 Power to Auto. Transition 8 0.70 VIf
75 Power to Auto. Transition 0 0.90 V11
76 Auto. to Power Transition (IGL)
77 Auto. to Power Transition @ 0.40 V1
80 Stabilized Auto. Fit. @ 0.40 VIt

81 Stabilized Auto. Fit. 8 0.60 V11
82 Stabilized Auto. FIt. 8 Max. Auto. A/S
83 Auto. Turn to the Right @ 0.40 V1
84 Auto. Turn to the Right @ 0.60 V 186 Auto. Turn to the Left 8 0.40 V 1187 Auto Turn to the Left 8 0.60 V1

80 81 82 Auto. to Power transition C 78* Auto. to Power Transition 8 0.60 Vi
79

t 
Auto. to Power Trans. 0 Max. Auto. A/S

81 84 85 Auto. tO Po wer Iransition C . ...... ..........................

86 87 88 Iligh.Speed Auto. Turn, T 856 Auto. Turn to the Right 8 Sfax. Auto. A/S
88* Auto. Turn to the Left 8 Max. Auto. A/S

89 90 91 Iligh.Speed Auto. turns r .. ............................ ......

92 93 94 Autorotation Landing L 89' Autorotation Landing

9S Misc Iligh-G Maneuvers M . .......... .........................

96 Maximum nz Lxperienced . ......................................

97 Maximum A/S Ixperienced I . ................................

98 99 100 Hovering Control Correction. N 7' Hovering Longitudinal Control Corr. (IGL)
8' Hovering Lateral Control Corr. (IGE)
9 Hovering Rudder Control Corr. (IGE)

101 102 103 fligh*Speed Control Corr. N 38' Longitudinal Control Corr. @ 0.90 VIJ
39' Lateral Control Corr. @ 0.90 V I
40' Rudder Control Corr. @ 0.90 VI

1
'

NOTI (a) T - category timer
C - category occurrence timer
MI - maximum parameter magnitude attained
N - null recording category (control corrections tim9s are conservatively estimated from

other category timers)

NOTE Ib ' Indicates Damaging Ilight Conditions

2
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DETERMINATION OF FCM SYSTEM TECHNICAL ACCEPTABILITY

The assessment of the technical acceptability of a candi-
date FCM system, such as the one described in Table 12, re-
quires analyzing the proposed system with the aid of two
computer programs, FCMMOD and SIMULE, which are documented in
Reference 1.

Program FCMMOD uses the fatigue design spectrum and
associated component damage rates, together with the FCM system
definition, to compute appropriate fatigue-damage coefficients
for each flight condition category. FCMMOD has a degree of
built-in conservativeness since it increases the effect of the
highly fatigue-damaging flight conditions in the derivation of
ilight condition category damage coefficients by simply assign-
ing the maximum flight condition damage rate within each FCC as
the damage coefficient for that category.

Program SIMULE simulates the operation of an FCM system
by computing component fatigue lives from the FCMMOD-generated
fatigue-damage coefficients in a given utilization spectrum,
namely, the previously described mild and severe spectra in
this application.

Fatigue-Damage Coefficients for FCM System

Table 13 presents the fatigue-damage coefficients for the
FCM system described in Table 12. Any damage coefficient with
a zero value indicates that the corresponding flight condition
category is not fatigue-damaging for the particular component.
Accordingly, since flight condition categories 95, 96, and 97
are not specifically representative of fatigue design spectrum
flight conditions, their damage coefficients are zero.

Proposed FCM System Compliance with Technical Acceptance
Criteria

For both the mild and the severe spectrum, Table 14 lists
the SIMULE-computed fatigue lives for each of the 10 AH-lG com-
ponents and the upper and lower fatigue life bounds for these
components.

Since all fatigue lives fall within the respective bounds,
the proposed FCM system and the associated FCM system damage
model satisfy the technical acceptance criteria and therefore
are valid means for assessing fatigue damage in AH-lG fatigue-
critical components.

Detailed FCM System Description

Although the technically acceptable FCM system described
in Table 12 defines the system parameter combinations and
associated threshold levels, it does not define a completely
workable system. For example, consider flight condition
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TABLE 13. FATIGUE DAMAGE COEFFICIENTS FOR EACH COMPONENT
IN EACH FLIGHT CONDITION CATEGORY

Flight Main Main Rotor Main Main Rotor Retention
Condition Rotor Yoke Rotor Pitch Strap
Category Blade Extension Grip Horn Ftg./Nut

.O. 0. 0. 0.

0. 0. 0. 0. 0.

4 0. 0. 0. 0. .3623E-01
5 0. 0. 0. 0. 0.
6 .4267E-03 0. 0. 0. 0.
7 .1789E-02 0. 0. 0. O
8 0. . 0. 0. 0.
9 .8420E-U3 0. 0. Q. 0.

10 .6800E-03 0. 0. Q. 0.
11 0. 0. 0. 0. 0.
12 0. 0. O. o. o.
13 0. 0. 0. 0. 0.
13 0. 0. 0. 0. 0.
14 0. 0. 0. Q. 0.
15 0. 0. 0. (I. 0,A

16 0. 0. 0. 0. 0.
17 .4245E-02 0. 0. 0. 0.
Is .2900E-03 0. 0. 0. 0.
19 .2867E-03 0. 0. 0. 0.
20 0. 0. 0. 0. 0.
21 0. 0. U. U. 0.
22 .113?E-02 0. 0. 0. 0.

25 0. 0. 0. 0. 0.
26 O. 0. 0. 0. 0.
27 0. 0. 0. u. 0.
28 .1830.-03 0, 0. 0. 0.
29 0. 0. 0. 0. 0.
30 0. 0. 0. 0. 0.
31 0. 0. 0. 0. 0.
30 0. 0. 0. 0. 0.
33 0. 0. 0. 0. 0.

34 .5185E-03 0. 0. 0. 0.
35 .2917E-03 0. 0. 0. 0.
36 .2700E-03 0. 0. 0. 0.
37 .1094E-02 0. 0. 0. 0.
38 .4482E-0 0. 0. 0. 0.
39 .1429E-03 0. 0. 0. 0.
40 .6778E-02 0. 0. 0. 0.
41 0. 0. 0. 0. 0.
42 .8 00E-03 0. 0. 0. 0.
43 .3700E-02 0. 0. .6233E-02 0.
44 .2867E-02 0. 0. .1167E-02 0.
45 .4193E-02 0. 0. .1400E-02 0.
46 .5567E-02 0. 0. .9478E-02 0.
47 .1440E-02 .29702-02 0. .7500E-03 0.
48 .5904E-02 .7080E-02 0. .3156E-02 0.
49 .1717E-01 .5107E-0 0. .1499E-01 0.
50 .3900E-01 .1250E-01 0. .2400E-02 0.
51 .1640E-01 .2366E-01 0. .4840E-02 0.
52 .5860E-01 .2437E-01 0. .2223E-01 0.
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TABLE 13. Continued

Flight Main Main Rotor Main Main Rotor Retention

Condition Rotor Yoke Rotor Pitch Strap

Category Blade Extension Horn Ftg,/Nut

53 0. 0. 0. 0. 0.

54 8000E-03 0. 0. 0. 0.
55 .3667E-02 0. 0. .6333E-02 0.
56 .6667E-03 0. 0. .3333E. 03 0.
57 .5600E-02 0. 0. .11.OE-O1 0.
58 .1244E-01 •1044E-01 0. .1933E-01 0.

.1085E+00 .1400E-O1 0. .1050E-O 0.

60 .7780E-01 , 1140E-O1 0. .1700E-01 0.
61 .!173E+O0 .1153E-01 0. .3733E-01 0.
62 0. 0. 0. 0. 0.
63 .3467E-03 0. 0. 0. 0.
64 .4053E-02 . 0. 0. 0.
65 .5333E-03 0. 0. 0. 0.
66 .6880E-03 0. 0. 0. 0.
67 .2267E-O2 0. 0. .3644E-03 0.
68 .408OE-02 0. 0. 0. 0.
69 .7445E-02 0. 0. .4560E-03 0.

70 .6489E-02 0. 0. . 1204E-02 0.

71 .2900E-02 .9050E-02 0. 0. 0.

72 .5100E-02 0. U. 0. 0.

73 .1123E-01 0. 0. 0. 0.
74 .1773E-01 . 133E-O C. 0. 0.
75 .9921E-02 .3605E-02 0. O, 0.

76 .1245E-01 .1705E-01 .4786E-01 0. 0.

77 0.0. 0. 0. 0.

79 0. 0. 0. 0. 0.

79 .2511E-Oa 0. 0. 0. 0.
84 .4000E-03 0. 0. 0. O,

$1 .1600E-03 0. 0. 0. 0.

86 .860.E-02 O, 0. 0. 0.

87 04000E-O. 0. 0. 0. 0.

84 .1600E- 3 0. 0. 0. 0.

85 .8667E-02 0. 0. 0. 0.

96 0. 0. 0. 0. 0.
91 0. 0. 0. 0. 0.

.111 0 0. 0. 0. 0.

89 O. 0. 0. 0. 0.

90 . . 0. 0. 0.

91 0. 0. 0. 0. 0.

99 ,114E-01 0. 0. 0. 0.

93 .5320E-02 0. 0. 0. 0

94 ,a947E-02 ,1005E-01 O. 0. 0.
95 0. 0. 0. 0. 0.

96 0. 0. 0. . 0.

97 O, 0. 0. C. 0.

9 800E-02 0. 0. 0. 0.

99 .1400E-02 0. 0. 0. 0.

too .1000E-02 0. 0. 0. 0.

10 O. 810E-02 0. 0. . 0.

10. .1140E-01 0. 0. 0. 0.

103 .5867E-02 0. 0. 0. 0.
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TABLE 13. Continued

Plight Swashplate Swashplate Swashplate Hydraulic Tail
Condition Drive Outer Inner Boost Rotor
Category_ Link Ring Ring Cylinder Blade

1 0. 0. 0. 0. 0.
2 0. 0. 0. 0. 0.
3 0. 0. 0. 0. 0.
4 0. 0. 0. 0. 0.
5 0. 0. 0. 0. 0.
6 0. 0. 0. 0. 0.
7 0. 0. 0. 0. 0.
8 0. 0. 0. 0. 0.
9 0. 0. 0. 0. 0.

10 0. 0. 0. 0. 0.
11 0. 0. 0. 0. 0.
12 . . 0. 0. 0.
13 0. U. 0. 0. 0.
14 0. 0. 0. U. 0.
15. . 0. 0. 0.
1 u. 0. 0. 0. 0.
17 0. 0. .4450E-03 0. 0.
18 0. 0. 0. 0. .534UE-U3

I9 0. 0. 0. 0. .7467E-vUs
.0 O. I. I U. U.

1 U. 0. . 0. 0.
,2. U. 0 0. 0.

0. 0. 0. 0. 0.
4. 0. U. 0. 0.

25 0. 0. . U. 0.
26 f. 0. 0. t. 0.
2' (. U. U. U. . 2.59E- 02
8 O. 0. U. .4800E-0?

29 u,. 0. 0. O. 0.
L) 0. (1. .O..

0. 0. 0. 0. 0.
0. U. U. 0. 0.'13 0. 0. 0. u. 0.
04 . LI. 0. 0. 0.U. U. 0. U. 0.
04 (. U. U. 0. 0.

30 (. 0. 0. 0. 0.
U. U. 0. U. .56 7E-0.

7 0. 0. . T5-E-0? 0. U.
3 U. U. .58?- E-0s 0. 0.
? O. 0. .1657E-0 .214E-03 .1707E-02

40 0. . Oa4E- UE .7655E-OE .11-'E-02 .7278E-02
41 0. 0. 0. U. 0.
42 0. 0. 0. 0.
43 157E-02 .1043E-01 .4000E-03 .1500E-02 0.
44 . 0. .101?E-O .I U00E-02
45 3727E-02 .4U87E-02 .a95 'E-0a .a893E-u2 .5067E-03
46 .322E-02 .1052E-01 .a744E-Oa .1322E-01 .5889E-0k
4? .1830E-02 .76OuE-02 .5640E-02 .3410E-U2 .3107E-01
48 .E9200E-03s .4536E-Oa .37a4E-02 .1265E-01 .9344E-02
4? .5420E-02 .4553E-02 .5353E-02 .4299E-01I .1360E-01
50 ,4uME-O0 .1350E-02 .1300E-0,2 .1460E-01l .1830E-01
51 .1022E-01 .3400E-0 ..2s2WE-02 .3312E-01 .1'16E-01
50 .2693E-01 .6167E-02 * 13-02 .7a77E-01 . 3733E-0,1
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TABLE 13. Concluded

Flight Swashplate Swashplate Swashplate Hydraulic Tail
Condition Drive Outer Inner Boost Rotor
Category Link Ring Ring Cylinder Blade

53 0. 0. 0. 0. 0.
54 0. 0. 0. 0. 0.
55 .1667E-02 0. .6667E-03 .1367E-01 0.
56 0. 0. 0. .1667E-02 .116?E-02
57 .3267E-02 .6b67E-03 .2000E-02 .4867E-02 .1333E-02
58 .6333E-02 .4333E-02 .6667E-02 .1456E-01 .3556E-02
59 .3000E-02 .0;00E-02 .2000E-02 .1400E-01 .IO00E-01
60 .7800E-02 .1400E-02 .2720E-02 .2040E-01 .7000E-02
61 .1400E-01 .9600E-02 .6333E-02 .3800E-01 .1680E-01
62 0. 0. 0. 0. 0.
63 0. 0. 0. 0. 0.
64 0. 0. 0. .6844E-03 0.
65 0. 0. 0. 0. 0.
66 0. 0. 0. .1600E-04 0.
67 0. 0 0. 0. 0.
68 0. .2880E-02 .1487E-02 0. .3327E-02
69 .1453E-02 .2560E-03 0. .)413E-03 .3840E-03
70 .3289E-03 .5040E-02 .5244E-02 .9556E-03 .6324E-02
71 0. .2250E-03 .2175E-02 0. .5750E-03

70 0. 0.' 0. .20OoE-U4 .2740E-02
73 o. .1583E-02 .3917E-02 0. .8333E-03
74 0. .2600E-02 .4133E-02 .4000E-03 .1667E-01
75 0. .4737E-03 .2763E-02 .3421E-03 .1866E-01
76 0. .2273E-02 .1055E-01 0. .6377E-01
77 0. 0. 0. 0. U.
78 0. 0. 0. 0. 0.
79 0. r 0. 0. 0.
80 0. U. 0. 0. 0.
81 0. 0. 0. 0. 0.

02 0. .12OOE-02 .8000E-03 0. .6667E-03
83 0. 0. 0. 0. 0.
84 0. 0. 0. 0. 0.
85 U. .120;E-02 .8000E-03 U. .6667E-03
86 0. 0. u. 0. 0.
87 0. 0. 0. 0. 0.
88 0. .8000E-03 0. 0. .5333E-03
89 0. 0. 0. 0. 0.
90 0. 0. 0. 0. 0.
91 0. .8000E-03 0. 0. .5333E-03
92 0. 0. 0. 0. 0.
9 . 0. 0. 0. 0.
34 0. 0. 0. 0. .5733E-03
95 0. 0. 0. 0. 0.
96 0. 0. 0. 0. 0.
97 0. 0. 0. 0. 0.
98 0. 0. 0. .1000E-02 0.
99 0. 0. 0. .560uE-02 0.

100 0. 0. 0. 0. 0.
1ot 0. .4000E-03 0. 0. .1260E-01
102 0. 0. 0. 0. 0.
103 0. 0. 0. 0. .4667E-03
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TABLE 14. TECHNICAL ACCEPTABILITY RESULTS

FCM System Performance Fatigue Life Bounds
sessed Projected

Component Identification Damage Life Lower Upper

Mild Utilization Spectrum

Main Rotor Blade .324574E-01 3,081 1,100 4,307

Main Rotor Yoke Extension .493331E-02 20,271 3,300 24,917

Main Rotor Grip .526500E-03 189,934 Unlimited 190,042

Main Rotor Pitch Horn .681070E-02 14,683 6,600 17,953

M/R Retention Strap Ftg./Nut .10507713-01 9,517 2,200 9,517

Swashplate Drive Link .458481E-02 21,812 11,000 27,3S3

Swashplate Outer Ring .723471E-02 13,823 3,300 18,707
Swashplate Inner Ring .573742E-02 17,430 3,300 25,128
Hydraulic Boost Cylinder .161467E-01 6,134 3,300 8,635
Tail Rotor Blade .1180411:-01 8,472 1,100 12,106

Severe Utilization Spectrum

Main Rotor Blade .400355E-01 2,498 1,100 3,542
Main Rotor Yoke Extension .843841L-02 11,851 3,300 14,779
Main Rotor Grip .143591F--02 69,643 Unlimited 69,686
Main Rotor Pitch Horn .11252111-01 8,888 6,600 10,596
M/R Retention Strap Ftg./Nut .223197E-01 4,481 2,200 4,488
Swashplate Drive Link .747809E-02 13,373 11,000 16,513
Swashplate Outer Ring .110711E-01 9,033 3,300 12,325
Swashplate Inner Ring .9250621'-02 10,811 3,300 15,481
Hydraulic Boost Cylinder .2339811I-01 4,274 3,300 5,145
'rail Rotor Blade .1903021:-01 5 ,255 1,100 7,192

categories SO, Si, and 52, which represent high-speed asymmet-
rical gunnery run pullups. Although these maneuvers are iden-
tified by the combination of a vertical acceleration above
1.5g, a roll attitude between 100 and 350, and an airspeed
greater than 0.95 V they are not adequately represented by
simply measuring th time within which the parameters are
attaining the foregoing values simultaneously. Rather, these
maneuvers would likely be better represented by the time dura-
tion of the roll attitude while it exceeded and returned to
100 but did not reach 350, provided that the airspeed is above
0.95 V at the initial 100 crossing and that the vertical
acceleration exceeds l.5g within a prescribed time after the
initial 100 crossing.

Various considerations, such as the reasoning in the fore-
going example, led to the definition of a much more detailed
FCM system. Because of the lengthy description needed to de-
fine each flight condition category in the resultant FCM system,
these flight condition categories are depicted and defined in
Appendix A.

Because of the complexity of many of the flight condition
categories and the parameter monitoring requirements, the FCM
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recorder incorporates a microprocessor. During the develop-
ment of the FCM system, the airborne recorder was flight-tested
with an oscillograph recorder capable of monitoring those
parameters listed in Table 8. Then the two sets of data were
compared to evaluate the functioning of the FCM recorder and
to adjust the parameter threshold levels in the FCM system so
that the established flight conditions could be better defined.
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CHAPTER 3.

SYSTEM DESCRIPTION

The SIRS system consists of three discrete but inter-
related subsystems. The airborne SIRS recorder monitors
helicopter usage by identifying and storing the occurrences
of various flight conditions. The ground-based, portable data
retrieval unit transfers the recorder-stored data onto a mini-
ature data tape cassette on a monthly basis. At a central
data processing site, the software system automatically pro-
cesses and analyzes the data, and then generates tailored
reports that present the usage and corresponding incremental
fatigue damage to each component for each monitored helicopter.
The complete system is pictured in Figure 9.

SIRS RECORDER

The SIRS recorder, viewed in Figure 10, incorporates a
Motorola Model 6800 microprocessor. This microprocessor
monitors tht. nine flight parameters listed in Table 15 and
from them calculates the density altitude and adjusted airspeed
limits.

When these flight parameters fall in preset ranges or
form certain flight conditions, the microprocessor accumulates
their occurrences or the amount of time associated with them
in the recorder's data-storage memory. The flight conditions
are defined generally as various combinations of flight para-
meters, each in a preset range. Examples of flight conditions
are flight time, rotor starts, and maximum vertical accelera-
tion. Table 16 lists the 22 flight condition categories estab-
lished for the AH-IG.

As shown in Figure 11, the SIRS recorder processes the
inputs from the transducers for the nine monitored parameters.
Each of the inputs is conditioned to a desired full-scale
signal level, multiplexed, and converted from an analog to a
digital signal to be processed by the microprocessor. The
recorder software logic identifies the flight conditions by
associating the variation and corresponding time of each input
parameter with those of the other input parameters. While
these conditions are being identified, the microprocessor
calculates the density altitude and limit velocities and tem-
porarily stores the calculations in the recorder's scratch
pad memory. The programs for these calculations and the flight
condition software logic are contained in EPROM (erasable
programmable read-only memory) integrated circuits. The time
spent in or the number of occurrences of the various flight
conditions is stored in the recorder's data-storage memory,
which consists of RAM (random access memory) integrated cir-
cuits. Since these circuits are volatile, the recorder
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AIRBORNE DATA
DATA RECORDER RETRIEVAL UNIT

DATA PROCESSING
UNIT

Figure 9. Structural Integrity Recording System.
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Figure 10. SIRS Recorder.
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TABLE 15. SIRS PARAMETERS

Measured Computed

Airspeed Percent VL Airspeed
Pressure Altitude Percent VH Airspeed
Outside Air Temperature Density Altitude
Gross Weight
Pitch Attitude
Roll Attitude
Engine Torque
Main Rotor Speed
Vertical Acceleration
Touchdown

TABLE 16. FLIGHT CONDITION CATEGORIES

Title Measured Quantity
Measured

Occurrences Time Value

Flight Time *
Rotor Start/Stop *
Full Power Climb *
Low-Speed Flight *
High-Speed Flight *
Maximum-Speed Flight *
Normal High-Speed Turns *
Gunnery Turns *
Gunnery S-Turns *
Gunnery Run Dives-Symmetrical *

-Asymmetrical *
Symmetrical Pullouts *
Asymmetrical Pullouts *
High nz Maneuvers *
Normal Landings *
Autorotation Time
Autorotation Turns *
Autorotation to Power

Transition *
Autorotation Landings *
Quick-Stop Deceleration
Maximum % VL *
Maximum nz *
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incorporates dual batteries with a one-year operational ca-
pacity to retain the stored data when aircraft power is turned
off. The recorder software package is listed in Appendix B.

The recorder installation, including recorder, shock
mount, transducers, and harnesses, weighs 20.3 pounds; a de-
tailed breakdown of the installation's weight is presented
in Table 17. The recorder, including mounting rack and
electromagnetic-interference-shielded connector, is 17.50
inches long, 6.50 inches wide, and 10.15 inches high; these
dimensions include the necessary space for recorder/shock
mount sway. The recorder operates on 28 Vdc supplied by the
aircraft and consumes approximately 7 watts.

RETRIEVAL UNIT

SIRS is designed so that data need be retrieved only
once a month by the portable, flight-line data retrieval
unit pictured in Figure 12. During the transcription of the
recorder data onto the miniature magnetic tape cassette, the
operator interacts with the unit. While the unit displays
messages, the operator communicates with the unit through a
keyboard. Because of the on-board processing of the flight
data, the data recorded during the normal monthly operation
of more than 50 helicopters can be stored on a single data
cassette. Fhe program used to permit retrieval unit and 6

recorder interactions is called the Initial Processing System B

(IPS). The data retrieval, including setup, takes less than 5
minutes and can be performed on a flexible schedule. in
addition to data retrieval, the data retrieval unit performs
diagnostic checks of the recorder, on-board recorder battery,
and transducers. It can also be used as a readout device
during the transducer calibrations.

During the retrieval process, limited operator inputs
listed in Table 18 are requested to supplement data contained
within the recorder. The aircraft serial number is entered
in the format of fiscal year and aircraft number, xx-xxxxx,
and supplements the recorder serial number, which is perma-
nently stored alectronically within the recorder. Since re-
trievals are not performed on a fixed schedule, the retrieval
data, in the format of day, month, and year, is another entry;
this information is used to indicate trends in the retrieval
data. The chronology of the data is identified by a numbering
device built into the recorder that increments each time a
retrieval is made. Logbook flight hours are entered to track
the variation between the actual flight and ground-operating
time and the logged time. The operating base is entered to
permit analyzing the fleet-wide variation in helicopter usage.
Finally, as requested by the display, the operator enters the
reason for the data retrieval. There are three acceptable
reasons: monthly retrieval, component replacement, and re-
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TABLE 17. SIRS RECORDER WEIGHT BREAKDOWN

Component Weight (ib)

Recorder/Rack 9.25
Airspeed/Altitude

Transducer and Brackets 1.6
OAT 0.07
Vertical Acceleration

Transducer and Bracket 1.2
Gross Weight Transducer

and Bracket 0.14
Harnesses and misc. hardware 8.0

Total 20.26

A

Figure 12. SIRS Retrieval Unit.
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corder maintenance. After the operator enters the supple-
mental data, the data retrieval unit performs a diagnostic
check of the recorder including its memory, makes a copy of
the recorder data residing in memory, and records the current
static values of each of the transducers. These data, to-
gether with the supplemental data previously entered by the
operator, are recorded on the miniature magnetic tape cassettes.
Each time the data is transferred, that is, from the memory
in the recorder to that in the data retrieval unit and from
the latter to the cassette, it is checked to verify the valid-
ity of the transfer.

TABLE 18. SIRS RETRIEVAL UNIT OPERATOR INPUTS

Aircraft Serial Number Base of Operation
Date of Retrieval Reason for Retrieval
Log Book Flight Hours

The various error messages listed in Table 19 are dis-
played when the diagnostic check detects recorder deficiencies,
when data cannot be retrieved or written on the tape cassette,
or when the tape cassette is not installed or is full. Each
coded error message (instructions for each are mounted inside
the cover of the data retrieval unit) leads the operator to
the necessary corrective action.

The data retrieval unit is 19.1 inches long, 15.6 inches
wide, and 9.8 inches high and weighs 45.4 pounds. The re-
trieval unit has a rechargeable power system and is housed in
a flight-line styled container. The recharging power required
is 110 to 120 Vac, 60 Hz.

SOFTWARE

Upon receiving the data from the miniature cassettes, the
software system first performs an initial data processing to

~(1) verify tihe recorder operation and transducer functioning
and (2) to review the long-term trend of the transducer static

readings, and then analyzes the data. The analysis includes
the data segregation by specific flight condition categories,
the data conversion to a 100-flight-hour basis, and the data
presentation in terms of a usage spectrum. An example of this
data presentation is shown in Figure 13. Next the software
system governs three techniques to further analyze the data by
calculating the incremental fatigue damage for each critical
tracked component. The first technique is based on the rela-
tionship of the recorder data with the SIRS fatigue model
developed for the AH-lG helicopter. In the second technique
the calculations are based on the rates established by current
Army-approved component replacement times and the logbook
flight hours. The third technique is the same as the second

64



SIRS SPECTRUM USAGE

AIRCRAFT: 66-15254 LOG TTME: 19A5.6 RETRIEVAL nATF, 50477 REASON? SCHEDULED
RECORDER: 1030 BASEr 1
DELTA LOG TIME: 1.0 HOURS
VALUES PER 100 HOURS WERE COMPUTED IISING THF RETRIEVAL TIME.

FLIGHT GROSS TIMF (HOURS) OCCURRENCF
CONDITION WEIGHT (LR) RETRIEVAL PER 100 HOURS RETRIEVAL PER 100 HOURS
............ ............ ......... ............. ......... ............

FLIGHT TIMF TOTAL 0.9 100.0
1 4775n 4.5 5b.q

3 1879 0.0 0.0

ROTOR CYCLES TOTAL t 113,6
1 113.A

QUICK STOPS TOTAL 0.0 0.0
5 (7750 0.0 0.0

6 7750-A7S0 0.0 0.0
7 )8750 0.0 0.0

NORMAL LOGS TOTAL 1 I13.4
A 47750 1 1134.
9 750-A7M 0 0,0
to ),750 0 0.0

LOW SPEED FLT TOTAL 0.0 423
It 47140 0.0 0.
I? 7750-750 0.0 3.9
t3 )8750 0.() 0.

HIGH SPEED FLT TOTAL 0.0 3.6
14 47750 0.3 29.s
1 T750-750 o.0 3.1
16 A8750 0.0 0.0

MAX SPEED FLT TOTAL 0,0 3.7
11 77S 0.0 1.7
2s 7750-750 0.0 0.0
29 3P750 0.0 0.0

LGH TORQUE FLT TOTAL 0.0 0.0
P0 (7750 0.0 0.0
at 7750-A7Sn 0.0 0.o
22 3087s0 0.n 0.0

LOW SPEED TURNS TOTAL 0.0 ti.0
23 477S0 n.0 0,0

24 77S0.67A0 0.0 0.0
2s )8750 0.0 0.0

Figure 13. Sample of Spectrum Generated by
SIRS Software.
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SIRS SPECTRUM USAGE

AIRCRAFT1 66-15254 LOG TIME: 196S.6 RETRIEVAL DATES 50471 REASONS SCHEDULED
RECORDERS 1030 BASES I

DELTA LOG TIME: 1.0 HOURS
VALUES PER 100 HOURS WERE COMPUTED USING THE RETRIEVAL TIME.

FLIGHT GROSS TIME (HOURS) OCCURRENCE
CONDITION WEIGHT (LB) RETRIEVAL PER 100 HOURS RETRIEVAL PER 100 HOURS

........................................"" 07 7................. "" "..N IGH SPEED TURNS TOTAL 0.1 6.3

26 477O 0.1 7.0
27 7750-750 0.0 1.?
28 )7S0 0.0 0.0

LOW SPEED DIVES TOTAL 0.0 0.0
29 47750 0.0 0.0
30 77O87SO 0.0 0.0
31 p8750 0.0 0.0

MED SPEED DIVES TOTAL 0.0 0.3
32 47750 0.0 0.2
33 7750-87sO 0.0 0.2
34 S750 000 0,0

HIGH SPEED DIVES TOTAL 0.0 0.1
3S 47so 0.0 0.0
36 7?7O-RT7O 0.0 0.1
37 067O 0.0 0.0

MAX SPEED DIVES TOTAL 0.0 0.0

36 47750 0.0 0.0
39 7T50.750 0.0 0.0

40 *87sO 0.0 0.0

LOW SPO ASYM PIU TOTAL 0.0 0.0

41 (7750 0le 0.0

42 0TSO-6750 0.0 0.0
43 )7so 0.0 0.0

MED SPO ASYM P/U TOTAL 0.0 0.0
46 T75O 0.0 0.0
45 709-o750 0.0 0.0
46 p8750 0.0 0.0

HI SPO ASYM P/U TOTAL 0.0 0.0

47 4770O 0.0 0.0
48 7750-@750 0.0 0.0
49 675sO 0.0 0.0

MAX SPO ASYM PIU TOTAL 0.0 0.0
so 477so 0.0 0.0
51 7750-8750 0.0 0.0
52 8e 0.0 0.0

Figure 13. Continued
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SIRS SPECTRUM USAGE

AIRCRAFT, 66-15254 LOG TImE: 1985.6 RETRIEVAL OATF: 50077 REASON: SCHEDULED
RECORDER: 1030 RASEo I
DELTA LOG TIMEi 1.0 HOURS
VALUES PER 100 HnURS WERE CnMPUTED USING THE RETRIEVAL TIME.

FLIGHT GROSS TIMF (HOURS) OCCURRFNCE
CONDITION WEIGHT (LO) RETRIEVAL PER 100 HOURS RETRIEVAL PfR 100 HOURS

......... ..... .... ............. ..................

LOW SPD SYM P/U TnTAL 0.0 0.0
53 <7750 0.0 0.0

50 7750-750 0.0 0.n
55 ,8750 0.0 0.0

NED SPO SYM P/U TOTAL 0.0 0.0

56 '7750 0,0 0.0

5T 7750-8750 0.0 0,0
58 18750 0.0 0.n

HIGH 3PO SYM P/U TOTAL 0.0 0.0
59 <7750 0.0 0.0
60 7750-8750 0.0 0.0

61 8750 0.0 0.0

LOW SPD GUN TURN TOTAL 0.0 0.0
b2 7750 0.0 0.0
63 7750-8750 0.0 0.0
60 p8750 0.0 0.0

MED SPD GUN TURN TOTAL 0.0 0.n

65 (7750 0.0 0.0
66 775, 4750 0.0 0.0
67 )A7- 0 0.0 0.0

HI SPO GUN TURN TOTAL 0.1 5o9
68 7750 0.0 0.8

69 7750-8750 0.0 ).1
70 )o750 0.0 0.0

GUN 3-TURN TOTAL 0.0 4.4
71 (750) 0.0 0 .0 ,
72 7750-A750 0.0 0.0
73 1,8750 0.0 0.0

MAX 3PD S-TtURN TOTAL 0.0 0.1)

: 7: r750 0.0 0.0

7.4

7s 7750-A750 0.0 0.0
76 )7500.0 0.0

AUTO TIME TOTAL 0.0 2.1
77? 477%0 0.0 2.1

76 177S0-750 0.0 0.0
79 1-6750 0.0 0.0 '

Figure 13. Continued
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SIRS SPECTRUM USAGE

AIRCRAFT3 66-15254 LOG TIMEI 1985.6 RETRIEVAL DATEr S0477 REASnNs SCHEDULED
RECORDERI 1030 BASE, I
DELTA LOG TIME1 1.0 HOURS
VALUES PER 100 HOURS WERE COMPUTED USING THE RETRIEVAL TIME.

FLIGHT GROSS TIME (HOURS) OCCURRENCE
CONDITION WEIGHT (LB) RETRIEVAL PER 100 HOURS RETRIEVAL PER 100 HOURS

LOW NZ AUTO/PWR TOTAL 0 0.0
0 477O 0 0.0

a1 77OO?67so 0 0,0
6? )67S0 0 0.0

HIGH NZ AUTO/PWR TOTAL 0 0.0
$11 4775.50 0 000
83 O4750 0 0,0
6s 0ST5O 0 0,0

LOW NZ AUTO TURN TOTAL 0.0 0.0

86 (7750 0.0 0,0
67 7750-1750 0.0 0.0
as *6750 0.0 0.0

HI NZ AUTO TURN TOTAL 0.0 0,0
9 477so 0,0 0.0

90 775087sO0 0,0 0.0
91 1S70 0,0 0.0

AUTO LOG A TOTAL 0 00

93 7150 0 0,0
94 ba750 0 0.0

99 NIGH N? COUNTER 12
96 MAX NZ VALUE 2.4
97 MAX A/$ VALUE 1,0

Figure 13. Concluded
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except that the recorder flight time is used instead of the
logbook flight time. Figure 14 is a sample of the format used
in presenting the data calculated by each technique. The
software package permitting these calculations is called the
Fatigue Damage Assessment System (FDAS).

TABLE 19. RETRIEVAL UNIT ERROR MESSAGES

LINE ABORT? Denotes that the retrieval unit-to-
recorder communications were not
properly established or were
interrupted.

DATA ABORT? Denotes that there was an error
condition during the transmission of
the recorder data onto the retrieval
unit's temporary data-storage memory.

WRITE ABORT? Denotes that there was an error
condition during the data writing on
the magnetic tape.

FULL ABORT? Denotes that sufficient space could
not be found on the magnetic tape for
the data writing.

TAPE ABORT? Denotes that the tape cassette is not
capable of reading or writing because
of its malfunctioning or improper
positioning.

COUNTER Denotes that a bad memory location
was detected during the diagnostic
check of the recorder's data storage
memory.

BATTERY Denotes that the recorder's battery
power supply is marginal.

Software Concept

The data processing and management system is composed
of three parts: the Initial Processing System (IPS), the
Fatigue Damage Assessment System (FDAS), and the Component
Tracking Management System (CTMS). Each of the three modules
of the system was treated and designed as a separate entity.
Thi3 allows for ease of maintenance of the system and flexi-
bility in the operation of the system.
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COMPONENT DAMAGE

AIRCRAFT1 66.15254 LOG TIMEt 1985.6 RETRIEVAL DATE: 50q77 REASON: SCHEDULED
RECORDER: 1030 BASE: t
DELTA LOG TIME: 1.0 HOURS
DELTA RECORDER TIME: 0, HOURS

FLIGHT HOUR DAMAGE
COMPONENT SIRS DAMAGE RECORDER LOG

MAIN ROTOR RLADE 0.00072 0.00080 0.00091

MAIN ROTOR YOKE EXTENSION 0.00035 0.00027 0.00030

MAIN ROTOR GRIP 0.0 0.00009 0.00010

MAIN ROTOR PITCH HORN 0.0000P 0.00013 0.00015

RETENTION STRAP FTG/NUT 0.00009 0.00040 0,000U5

SWASHPLATE DRIVE LINK 0.00007 OO0008 0.00009

WASNHPLATE OUTER RING 0.00004 0.000?7 0.00030

SWASHRLATE INNER RING 0.00010 0*000?7 0.00030

HYDRAULIC ROOST CYLINDER 0.00010 0.00OT 0.00030

TAIL ROTOR BLADE 0.00017 0.00080 0.00091

Figure 14. Sample of Component Damage Generated by
SIRS Software.
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The first two modules, IPS and FDAS, were written in
FORTRAN in accordance with contract requirements, but the CTMS
was written in COBOL. This was done to maintain a uniformity
with the data management techniques being employed by the
AVRADCOM computer center. This was in the best interest of
the Government, since AVRADCOM is postulated as the eventual
user of the system and the development was to be performed on
AVRADCOM equipment.

The development was to take place by utilizing a Remote
Job Entry terminal located at Technology Incorporated and
connected to the AVRADCOM computer via a dial-up communication
link.

The following paragraphs briefly describe the main func-
tions of the three modules, and Figures 15, 16, and 17 present
system flow.

IPS. The Initial Processing System checks for proper operation
ofthe recorder, the recording medium, ad the retrieval unit.
This is performed in a number of ways; nitially, the IPS
checks the parity of the data and the results of the built-in
test. The data from the individual counters are then tested
for validity to assure that they are within reasonable
tolerances.

If the data or any part thereof are determined to be
invalid, conservative estimates based on past usage and engi-
neering judgment are made for the erroneous data.

The valid data and/or the estimated data from the var-
ious counters are then written on an output tape and identified
as actual or estimated for further processing. A printout
identifying any equipment problems is also prepared for sub-
mittal to the appropriate activity.

FDAS. The Fatigue Damage Assessment System takes each of the
forwarded counter values and assigns a damage value to each
component according to the model established for the monitored
aircraft type. The actual and estimated incremental damages
are kept separate for each component.

A data tape is then written and forwarded for further
processing. This tape contains the actual or estimated incre-
mental damage for each component type, identified by aircraft
serial number. The date of the data is also forwarded.

CTMS. The Component Tracking Management System is the main
a-a management module of the overall system. Its primary
function is to update and maintain two tracking files and to
generate data reports for field and management usage.

The programs take the data passed on from the FDAS and
check the date, in case of removal, to deterimine with which
components the data is associated. The appropriate component's
damage fraction is then updated, still retaining the identity
of the actual and estimated parts.
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RETRIEVAL I
UNPT C COUNTER SATURATED?

COUNTER NO

CCCURRENT READ PARITYT

REOR YEOSTN

COUNTERS RESET?C RETRIEVAL READ PARITY
WORD NO CALCULATTE

PARITYIINCREMENTA

C E COUNT S

C BIT TESTNL

C COUNTERSCRESET

Figure 15. Flow Chart of IPS Processing.
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C LANDING COUNT WIL C DATA ESTIMATION

NOR CHECKS NO

NO < ZI OFF NO

'T R FT ?

YT - " SET Z ON

BDATAIFR ? ECORDAN I.UPDATE DT

NO > NO RECORDER
X, STATUS

' PROCESSED
F YES SET Zi ON DATA FILE

PROCESSED

NO DATA

X, THRESHOLD ON LOG TIME ACCRUAL YES X.SET ON a X UPPER THRESHOLD ON
LANDING COUNT

R R I R2 • LOWER TRESHOLD ON
R, AT I LANDING COUNT

X, • UPPER THRESHOLD ON

4 ROTOR STARI/STOP COUNT

X, LOWER THRESHOLD ON
ROTOR START/STOP COUNT

Ii
Figure 15. Concluded

73



PROCESSED
DATA

READ
SIN4GLE
RECORD

BIT ON

Fiur 1. loYCarS o A L rCESil

74UA



Tabile

R orTRA

Figun Srte 17Sepr oGnration Procesing

TableFileFileTa75

14 / -4

Repo', ( urrnt RportVali

Geeao is a Geneato -. (__ _ _ __ -,Daa -..--



The status file is then updated with the new damage frac-
tions. The status file contains the historical information
concerning each aircraft. This includes the configuration of
each aircraft and the time and damage fraction associated with
each fatigue-critical component. It is from this file that the
majority of the data reports are generated.

A secondary file, the removal file, is maintained for
all removed components. This file is used to provide statis-
tical information on removals and to track components removed
for overhaul or for other reasons.

It is from these files that the various data reports are
generated. Figures 18, 19, and 20 give samples of the reports
that will be presented. The reports deal with status of the
various components once a certain damage fraction is attained,
life projections over selected periods of time, and component
replacements due or overdue. The reports will be used for
maintenance, management, and planning.

Supplemental Data. In the event of component removals, a
supplemental update form (Figure 21) will be completed. This
data will be entered into the FDAS to ensure the proper
accountability and tracking of the various components.

INSTALLATION KIT

The SIRS recording system was married to the AH-lG air-
frame via an installation kit consisting of miscellaneous 6

structural hardware, cabling, and specialized instruments. All
of the mounting systems were designed to withstand crash loads.
This discussion focuses on the sensor suite providing the in-
puts to the recorder.

The remote sensors required to obtain the data are grouped
into the following four categories:

6 Pressure transducers
0 Accelerometers
* Position potentiometers
9 Miscellaneous sensors

Pressure Transducers

The pressure transducers are capacitive type, providing a
0-5 Vdc output signal. For airspeed, a differential pressure
transducer that senses the difference between the pitot and
static pressures is used. For altitude, an absolute pressure
transducer senses the aircraft static pressure.

Accelerometers

The transducer used to sense the normal (vertical) acceler-
ation is a servo force balance type providing a 0-5 Vdc output
signal.
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U.S. ARMY CRITICAL PARTS MANAGEMENT PROGRAM
FATIGUE-CRITICAL COMPONENT REPLACEMENT FORM

BASE: > JA/C TAIL NO. A/C TYPEMODEL>

REPLACEMENTS ACCOMPLISHED EASON REMOVED (X)

A/C HOURS MO/DAY YEAR MECHANIC FrME FAILED I ON MOD SERVICE
EXPIRED

1I 2 13 4 1 5

M E REMOVED PART P/N 
S/N

p M

0 0 INSTALLED PART P/N S/N

NV
E

A  
TSN: TSO:

TS

REMARKS:

Figure 21. Update Form for Component Removals.

Flight Control Positions

To sense rudder pedal position, an infinite resolution
potentiometer is used. This unit is wired such that the poten-
tiometer acts as two arms of a Wheatstone bridge circuit. Con-
nected by special actuators to the control linkage, tIis poten-
tiometer senses the movement of the respective control system.
The mechanical attachments between the potentiometer and the
control linkages are designed so that binding of the mechanisms
will cause them to fail; hence, control of the helicopter can-
not b inhibited by the instrumentation system.

Miscellaneous Sensors

Several parameters either require sensing the aircraft's
flight instruments or cannot be placed in one of the above
categories. The following paragraphs discuss these sensors.

Outside Air Temperature. The outside air temperature is moni-
tored with a thermal ribbon. The ribbon is attached to, but
insulated from, the outer skin of the aircraft. The ribbon is
a resistor whose resistance varies with the temperature and is
used as the active arm of a Wheatstone bridge circuit.
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Rotor Speed. To monitor the main rotor rpm, a special circuit
was designed and fabricated. The circuit is composed of all
solid-state materials and is mounted on a printed circuit board
within the signal conditioning section of the recorder. The
output of the counter controls a gate which varies a +5 Vdc
circuit between +5 Vdc and ground. The resultant voltage is
filtered and reduced to a pure dc signal acceptable to the
recorder.

Engine Torque. Engine torque data is acquired from the air-
craft's torque transmitter by utilizing a differential amplifier
input circuit for isolation and a converter to condition the
torque signal. The initial signal is a fixed-frequency, varying
amplitude, engine torque signal that is converted to an appro-
priate dc signal. Variations in this signal due to changes in
the torque reference are nullified by monitoring the reference
and having the recorder perform a division.

Roll and Pitch Attitudes. Attitude data is obtained from the
roll and pitch outputs of the aircraft's attitude gyro. This
interface uses solid-state, modular, synchro-to-dc converters
with the reference and synchro inputs fully isolated to prevent
any degradation of the aircraft's attitude indicator system.

Gross Weight (GW) Indicator. The parameters to compute the
gross weight of the helicopter were originally measured prior
to each takeoff by two Kistler Morse Model DMC-3-FF-4-1-03
piezoelectric beam sensors attached to the midpoint of the
fore-and-aft crosstube members of the skid landing gear. While
the helicopter was on the ground the rotor speed was less than
250 rpm, the SIRS recorder processed the sensor outputs to
yield the gross weight. An algorithm incorporated in the re-
corder decreased the gross weight value as fuel was burned.
No adjustment was made for the decrease in gross weight due to
stores or ammunition dispensing. When this procedure was found
inadequate, another approach was used.

The second GW sensor system involved bonding strain gauges
to the lift links' transmission mounting members. This was
intended to give positive, real-time GW data.

Power and Signal Interconnections

A system wiring harness includes all wiring 'between the
recorder, remote sensors, and aircraft power. The 28 Vdc is
acquired by installing circuit breakers in the pilot's right-
hand breaker panel and connecting to the nonessential dc bus.
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CHAPTER 4.

TEST PROGRAM

A test program was conducted to evaluate the concept of
flight condition recording as a means of collecting usage
spectrum data. The test program consisted of five elements.

0 Brassboard Evaluation
0 Laboratory Qualification Testing
0 Reliability Analysis
* Prototype Flight Test
* Usage Spectrum Data Collection

Brassboard Evaluation

From the outset, critical elements of SIRS were identified
for early testing. The final product was quite close to the
original conception.

On-Board Recorder. The recorder circuit can be functionally
divided into two primary sections, analog and digital. O ep
analog section consisted of a reference voltage source, indivi-
dual circuits for each input parameter, and the A/D multiplexer.
The digital section consisted of the processor system (CPU,
memory, serial and parallel I/O ports), a timing circuit,
address decoding, power fail-restart, and an aircraft power-to-
battery switchover circuit.

Analog circuits for engine torque, temperature, roli
attitude, the reference voltage, and A/D multiplexer circuits
were provided. The circuit for the main rotor rpm is presented
in Figure 22. The circuit for the outside air temperature
measurement is presented in Figure 23. Figures 24 and 25
depict circuits used for various buffered circuits.

Preliminary tests of the digital section of the recorder
provided FCC counter data to be stored in one MCS-101L-4 CMOS
memory chip. Although satisfactory for the 36 flight condi-
tion categories presently defined, the possibility that gross
weight considerations could double this number led to the sug-
gestion that the digital printed circuit board layout should
allow for the addition of a second memory chip. The brass-
board configuration was modified to include the additional
memory. Laboratory tests confirmed this to be satisfactory.

The flight recorder case size was to conform to Drive
404, 3/8 airborne transmitter rack. The case was constructed of
19-gauge (0.042") 0.1018 cold-drawn steel.

The finish applied to all steel parts was according to
QQ-P-416 Type 2, Class 2 (chromium and chromate plating). All
parts internal to the flight recorder with the exception of
the power filter were mounted on the PC boards. The power
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filter was mounted to a bracket on the bottom of the case.
Two PC boards were used, one for the analog section and

one for the digital section of the recorder. The PC boards
were mounted to the side cover plates with standoffs positioned
to minimize vibrations.

A 3M connector system was used on the PC boards to enhance
maintainability. A retention clip was used to lock the plug to
the receptacle. A Cannon-type PSE connector on the front panel
provided access for the retrieval unit. This connector was
normally capped. A Cannon PDP connector mounted on the rear
panel of the case provided connection to both the transducers
and the input power.

Gaskets on the side covers were a combination of woven
Monel for electromagnetic interference (EMI) protection and
sponge silicone to provide a moisture/dust seal. The connector
gaskets were Monel-impregnated silicone. Metal slugs were pro-
vided as part of the cover gaskets to preclude the possibility
of overcompensation of the gaskets. All fasteners were speci-
fied to MIL-N-25029.

The flight recorder was mounted in a Barry Controls 3/8
ATR tray with helicopter shock mounts.

Data Transfer Unit (DTU). The original design concept required
theDTU to serve a dual role - as a retrieval unit in extract-
ing data from the recorder and storing it on cassette tape,
and as a test unit to enable an operator to view the extracted

data.I
As a brassboard retrieval unit, operator inputs would be

requested via a six-character alphanumeric display. The
operator inputs would be entered through a numeric keyboard.
After these operator inputs were accepted, the recorder, on
request of the retrieval unit, would send the counter data, all
digitized analog channels, and a repeat of the counter data
following a test routine. The retrieval unit stored all infor-
mation and at retrieval conclusion stored it on cassette tape.
The alphanumeric display was used to notify the operator of
any failures or incorrect inputs. The software flowchart of
the communication between recorder and retrieval unit describes
the data extraction procedure and is presented ji Figure 26.

Following data retrieval, any of the information resi-
dent in the retrieval unit was viewed by entering an address
via the keyboard.

Data Processing Software. A3 stated, the data processing soft-
ware system was to consist of three major elements: the
Initial Processing System, the Fatigue Damage Assessment System,
and the Component Tracking Management System. Detailed infor-
mation concerning each of these systems and their operation
had been previously planned (Reference 1, p. 76).
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Y N
N
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Y READINGS
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N R S/N, A/C TYPE, STATIC READINGS N

REQUESTED' LAST TRY'

SEND R S/N, A/C TYPE, STATIC NOTIFY OPERATOR OF FAILURE, STOP
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Figure 26. Retrieval Unit Recorder Communications.
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The brassboard and supporting software evaluations were
essentially complete by the time Critical Design Review was
completed. The conceptual approach was found satisfactory and
preparation of test articles was begun. It was recognized
that reliability was of primary importance to the SIRS equip-
ment. Thus a reliability assessment was provided.

Reliability Analysis

A reliability analysis was performed using MIL-HDBK-217B
and the component manufacturers' data to predict the mnean-time-
between-failure (MTBF) for the SIRS recorder. The results of
the analysis are summarized in Table 20. The calculated MTBF
of about 7300 hours for the SIRS recorder includes consider-
ation of a helicopter operational environment in a worldwide
scenario. As such, the 7300 hours MTBF is considered realistic.
The analysis did not include the processor board batteries,
which in this application were expected to have a lifetime well
in excess of 6 months. Furthermore, although only one such
battery is required, a second battery is included in the design
as a redundant feature to enhance the operational reliability.
The MTBF of the transducers Lnd installation kit is about 1400
hours, resulting in an overal' system MTBF of about 1200 hours.
However, loss of a transducer input does not result in invalid
recorded data. The missing input can be synthesized during
data processing. In addition, periodic calibrations and other
maintenance actions should identify potential transducer fail-
ures before they occur. Operation of four recorders during
software development, burn-in prior to qualification test, and
qualification and flight tests resulted in an accumulated
operating timo in excess of 500 hours. Only one failure was
recorded. This occurred during the environmental portion of
the qualification tests. Upon conclusion of the temperature-
humidity-altitude test, the recorder did not operate. The
cause was identified as leaking batteries and the resulting
contact corrosion.

Laboratory Qualification Testing

The qualification testing was designed to assess the per-
formance of the SIRS recorder in simulated EMI/electromagnetic
compatibility and normal airborne environments conforming to
MIL-STD-461/462 and MIL-STD-810, respectively. Table 21 sum-~marizes the test conditions for each environment. Figure 27
shows a typical test setup.

Two recorders were subjected to the testing: S/N 005,
which was packaged in a steel box, and S/N 1007, which was con-
tained in an aluminum box for potential weight savings if the
aluminum base proved adequate during the testing. S/N 005 was
used in the normal airborne environment test while S/N 1007 was
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TABLE 20. RELIABILITY ANALYSIS SUMMARY

~Failure

Component Part No. Rate(a) MTBF(hr)

Processor Board 074032D30014 55.9854 17,862
*Signal Condition-

ing Board 074032D30019 50.6592 19,740
Power Supply CS/TlS/165/x 16.6667 60,000
Filter RF6125 0.0560 17,857,143

*Termination
Assembly 074032C30011 0.5820 1,718,213

Internal Cables/
Connections 11.7040 8S,441

Connector KPSE02AI2-10S 1.8630 536,769

SIRS Total 137.5163 7,272

Circuit Breaker MS22073-3/4 1.9650 508,906
Gross Weight

Sensor DCMC3FF41 254.2370 3,934
OAT Sensor S6B 97.1930 10,289

8 Altitude Sensor 1332A3 94.5200 10,580
F Airspeed Sensor 1332DI 94.5200 10,580

Accelerometer SAl09-B-l/+3SL 174.1940 5,741
Miscellaneous

Connections 0.7300 1,369,863

Transducers and
Installation
Kit Total 717.3590 1,394

System Total (b) 854.8753 1,170

Notes:

(a) Estimated number of failures per million hours.
(b) Excludes aircraft inputs.

93



TABLE 21. SUMMARY OF QUALIFICATION TESTS

a. MIL-STD-461/462 Tests

Test
Method Description Remarks

CE01 Conducted Emission, 30 Hz to 20 kHz, Info. Only
Power Leads

CE02 Conducted Emission, 30 Hz to 20 kHz, Info. Only
Control and Signal Leads

CE03 Conducted Emission, 20 kHz to 50 mHz,
Power Leads

CE04 Conducted Emission, 20 kHz to 50 mHz, Info. Only
Control and Signal Leads

CS01 Conducted Susceptibility, 30 Hz to
50 kHz, Power Leads

CS02 Conducted Susceptibility, 50 kHz to
400 mHz, Power Leads

CS06 Conducted Susceptibility, Spike,
Power Leads

RE02 Radiated Emission, 0.014 to 10 gHz,
Electric Field

RS02 Radiated Susceptibility, Magnetic 8

Induction Fields B

RS03 Radiated Susceptibility, 14 kHz to
10 gHz, Electric Field

b. MIL-STD-810 Tests

Test
Method Procedure Description

504 I Temperature Altitude:
-25-C to 50-C, 0-20,000 ft.

518 I Temperature, Humidity, Altitude:
-400 C to 500 C, 0-95% RH,
0-20,000 ft.

S07 I Humidity: 0-95% RH
513.1 11 Acceleration
SI I Explosive Atmosphere
510 I Dust
514.1 I Vibration (Category C Equipment)
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I'igurc 27. Trest Setup for SlIRS Recorder Qualification.
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used in the EMI/EMC environment test; its test results could be
applied to S/N 005 whereas the converse would not be possible.

The tests were successful in that the few operational dis-
crepancies that occurred during the tests could be eliminated
by simple corrective actions. The correction actions were such
that the high level of confidence in their effectiveness pre-
cluded the requirement for retests. Of the five discrepancies
observed, four occurred during the EMI tests and three of the
four were correctible by proper termination of shields in the
signal cable, shorter wire lengths, and improved wire routing.
The fourth discrepancy was due to the SIRS recorder logic test
program and could not be attributed to the EMI environment.
The fifth discrepancy was a leaking battery condition that
developed during temperature-humidity-altitude testing. A
suitable battery replacement eliminated the problem.

Phase I Prototype Flight Test

The prototype flight test was held and the program was
formally introduced to Fort Rucker personnel on 5 November
1976.

Instrumentation System. To obtain the data for the validation
of the SIRS recorder, two Century Model 409B oscillograph re-
corders, each with 14 data channels and capable of recording
numerous dynamic parameters on 3-5/8-inch-wide photosensitive
paper, were used in this program. One oscillograph was to
record FCR (Flight Condition Recognition) data and the other
to record SIRS flag data. The FCR oscillograph recorded the
dynamic parameters that would permit identifying the various
flight conditions encountered during the flight test program.
The SIRS flag oscillograph recorded the various SIRS parameter
levels that would trigger the logic routine operations and
consequently provided the data to verify the functioning of the
logic routines.

In general, each oscillograph had 12 channels available
for recording the in-flight parameters. Of the remaining two
channels, one was used to delineate a time pattern reflecting
a 1-minute cycling, and the other was used to trace a static
line for measurement reference. Table 22 presents the para-
meters recorded on each oscillograph. As apparent in this
table, several parameters were recorded by both oscillographs
so that the two oscillographs "oould be readily correlated.
The FCR oscillograph parameters were recorded as analog values
while the flag oscillograph parameters were presented either
as analog values for the parameters in common with both oscillo-
graphs or as ranged data for the output of the SIRS recorder.

The signal conditioning units used to regulate the voltage
signals from the various transducers were the Technology Incor-
porated Models 074037D30007-1 and -2 for the flag and the FCR
oscillographs, respectively.
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TABLE 22. RECORDED PARAMETERS

Parameter FRC Oscillograph Flag Oscillograph

Airspeed Analog Range
Pressure

Altitude Analog
Outside Air

Temperature Analog
Density

Altitude Range
Main Rotor

Speed Analog Range
Vertical

Acceleration Analog Analog and Range
Engine Torque Analog Analog and Range
Roll Attitude Analog Range
Pitch Attitude Analog Range
Gross Weight Range
Touchdown Range
Time Analog Analog
Reference Analog Analog

For a description of the recording system, refer to
Chapter 3.

Installation of Recording System. The SIRS recorder was in-
stalled in the helicopter's battery compartment on a shelf
accessible from the right-hand side of the helicopter. The
airspeed and altitude transducers were mounted on the left-
hand side of the aircraft in the area adjacent to the pilot's
compartment where the aircraft's pitot and static system was
accessible. The vertical accelerometer was mounted on a
bracket attached to the bulkhead beneath the transmission. The
outside air temperature transducer was mounted on the skin of
the helicopter on the underside at Station 220. Rotor speed
was taken from the helicopter's rotory tach generator. Engine
torque was taken from the engine torque transmitter. A cir-
cuit breaker was installed in the pilot's right-hand aft cir-
cuit breaker panel and was connected to the dc bus to provide
28 Vdc power. Provisions were made to take the roll and pitch
attitude signals from the aircraft's roll and pitch gyro lo-
cated in the same area as the airspeed and altitude transducers.
The gross weight sensors were installed at the midpoint of the
fore-and-aft skid crosstubes. Cabling between the SIRS recorder
and transducers was routed through the compartments along the
underside of the helicopter. Figure 28 is an outline drawing
of the AH-lG helicopter showing the recorder system component
locations.
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1. SIRS Recorder (Aft Battery Compartment)
2. OAT Ribbon (Skin, Underside)
3. Vertical Acceleration Transducer (ILo-.er Transmission Compartment)
4. Gross Weight/Touchidown Indicator (Skid Crossbars)
S. Roll, Pitch Attitude Gyro
6. Airspeed, Altitude Transducers

V7. Rotoi Speed Tach-gecerator
8. Engine Torque Transmitter

Figure 28. Installation Schematic.

41:

Figure 29. Flight Test Instrumentation System.
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The instrumentation system used to evaluate the perform-
ance of the SIRS recorder, including the FCR oscillograph, flag
oscillograph, signal conditioning system, and digital-to-analog
converter, was mounted in the ammunition bay under the pilot
and gunner's compartment. In addition, a junction box was in-
stalled in the battery compartment to tap into the SIRS record-
er's analog and digital flag signals. Figure 29 is a photo-
graph of the flight test instrumentation system.

The SIRS and flight test recording systems were installed
and checked between 23 Februar%(,and 15 March 1977.

Recorder Flight Testing. The flight performance of the SIRS
recorder was evaluated by flying various flight conditions and
by analyzing the degree to which the SIRS recorder could iden-
tify and correctly time the flight conditions. Examples of
the flight conditions flown are listed in Table 23. In addi-
tion, several nap-of-the-earth flights, both simulated and
actual, were performed.

Seven useful data flights, which yielded 7.5 hours of in-
flight data, were made during the 4 weeks of the flight test
program. An additional 22 flights, yielding 19.9 hours of in-
flight data, were made; these flights included instrumentation
check flights, nap-of-the-earth training flights flown in con-
junction with the test program, and landing check flights.
Although limited data from these flights were processed to
verify the operation of the SIRS recorder, they were not speci-
fically used to validate the recorder performance. Table 24
summarizes the 29 flights.

During the early portions of the flight test program, each
flight generally lasted an hour and most of the flight condi-
tions listed in Table 23 were flown. Beginning on flight 21,
the digital-to-analog converter used to establish the signal
levels for the flag oscillograph malfunctioned occasionally.
The malfunction was a random disruption of all the traces onthe flag oscillograph. Consequently, the later flights in the

program were generally shorter and designed to investigate
fewer flight conditions with only the FCR oscillograph.

Recorder Performance. The following summary of the SIRS re-
corder performance consists of detailed discussions of how the
recorder identified and recorded occurrences of flight condi-
tions, time within certain prescribed flight conditions, and
maximum parameter occurrences. Not all of the 22 flight con-
dition categories will be discussed in detail. Rather, ex-
amples of each of the three types of data recording techniques,
that is, occurrences, times, and maximums, will be presented.
In addition, during the test program several of the encountered
flight conditions required logic modifications or improvements
before they could be identified. These modifications are dis-
cussed in general, but an example of a required logic change
is illustrated.
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TABLE 23. FLIGHT TEST FLIGHT CONDITIONS

Rotor Start/Stop Dive:
Level Flight Symmetric
Hover: To Left

IGE To Right
OGE Pullout:

Quick Stop:, Symmetric
IGE To Left
OGE To Right

Full Power Climb Pullup (Cyclic Climb):
Maximum Performance Takeoff Symmetric
Maximum Rate Acceleration To Left
Autorotationf To Right

Power to Autorotation Turns:
Steady Normal
Turns Gunnery
Landings S-Type

Approach and Landing

TABLE 24. FLIGHT LOG SUMMARY

Fit. Predominant Valid Data Flight
No, Maneuvers -LFR Duration(hr)

I Ground Rur *
2 Functional Check * 0.4
3 7anctional Check * 0.3
4 Pilot Currency * 1.0
5 Entire Profile A * 1.5
6 Level Flight, Turns * * 0.5
7 Level Flight, Turns * A 0.7
8 Level Flight, Turns * 0.7
9 Functional Check * * 0.3

10 Level Flight, Turns * * A 0.8
11 Entire Profile A * 1.4
12 Entire Profile , A , 1.0
13 IP Check, Auto

Landings * * 1.8
14 Dives, Turns A * * 1.0
15 Nap-of-Earth * 1.5
16 Nap-of-Earth * 1.5
17 Nap-of-Earth * * * 1.6
18 Nap-of-Earth A A 1.7
19 Nap-of-Earth * 1.8
20 Functional Check * * 0.8
21 Entire Profile * * 1.5
22 Level Flight,

Takeoffs 0.6
23 Check Flight * 0.8
24 Level Flight,

Quick Stops A 0.5
25 Larding Check A * 0.3
26 High Gross Weight/

Landing Check A * 0.3
27 Low Gross Weight/

lnding Check * * 0.4
28 Lev 1 Flight/

Airspeed Check A A 1.5
29 Lc Gross Weight/

Landing Checks,
Quick Stops A * 1.2
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Of the flight conditions that are recorded as occurrences,.
rotor start/stop and takeoff/landing cycles are the principal
ones discussed in this section. The timed flight conditions
to be discussed include total flight time, cruise, and various
types of turns. Finally, this section discusses the measure-
ment of peak vertical accelerations.

Computed Parameters. The SIRS recorder monitors airspeed,
pressure altitude, and outside air temperature. From these
parameters, the SIRS recorder computes the density altitude,
the maximum level-flight velocity, and the limit velocity for
the helicopter. In addition, the SIRS recorder monitors
inputs from the gross weight sensors and computes gross weight
ranges during a flight.

Maximum airspeed limit V , which represents the maximum
level flight limit for the ai~craft and the limit velocity V ,
which is the maximum airspeed permitted for the AH-lG helicopter
are calculated from Equations 6. 7, and 8. The density alti-
tude is computed in Equation 9.

Each of these calculations is continuously performed with-
in the SIRS recorder, and the various identified flight condi-
tions are categorized by the appropriate percentage of either
of these limits.

Table 25 summarizes the airspeed limits, VH and V,, calcu-
lated by the SIRS recorder as represented on the flag scillo-
gram and those calculated manually from the FCR oscillogram
for Flight 28. This flight was flown at two density altitudes
and was typical of the calculating performance of the SIRS re-
corder.

The SIRS recorder monitors the input from the two piezo-
electric beam sensors and computes a takeoff gross weight.
During each flight, this gross weight is reduced at a fixed rate
to account for fuel consumption. Throughout the flight, the
various flight conditions are each categorized as being in one
of three gross weight ranges: below 7750 pounds, 7750 to 8750
pounds, and above 8750 pounds.

As shown in Table 26, the system did not reliably compute
the takeoff gross weight, since it yielded correct values for
only five of the twelve flights. However, it generally com-
puted the correct gross weight for the first flight of the day
as evidenced in the data for Flights 11, 21, and 23. These
correct values were due to the ability of the skid landing gear
to assume its natural position when the helicopter was posi-
tioned on the flight line each morning. The flight test log
does not indicate whether the helicopter was refueled before or
after it was moved for Flights 31 and 26. The system did oper-
ate correctly after the wing stores were removed prior to Flight
27. Except for Flight 14, the system did not correctly compute
the takeoff gross weight when the mission was the second or
third flight of the day. When the helicopter was refueled
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TABLE 25. COMPARISON OF PERCENT V AND V CALCULATIONS
FOR LEVEL FLIGHT CONDITYONS (FEIGHT 28)

Indicated Density %VH %VL
Airspeed Altitude FCR aFCR Flag

118 2155 0.84 0.8-0.9 0.66 :.0.7
109 2155 0.78 0.65-0.8 0.60 &0.7
134 2271 0.96 0.9-0.95 0.74 0.7-0.85
127 2327 0.91 0.8-0.9 0.70 0.7
148 2155 1.06 >0.95 0.82 0.7-0.85
134 2348 0.96 0.9-0.95 0.75 0.7-0.85
140 2325 1.01 >0.95 0.78 0.7-0.85
156 2350 1.12 >0.95 0.86 0.7-0.85
166 2300 1.19 >0.95 0.92 0.85-0.95
153 2275 1.10 >0.95 0.85 0.7-0.85

109 6675 0.84 0.8-0.9 0.73 0.7-0.85
103 6648 0.79 0.65-0.8 0.68 <0.7
120 6600 0.92 0.9-0.95 0.79 0.7-0.85
114 6664 0.87 0.8-0.9 0.76 0.7-0.85
128 6719 0.98 >0.95 0.85 0.85-0.95
124 6694 0.95 0.9-0.95 0.82 0.7-0.85

TABLE 26. TAKEOFF GROSS WEIGHT COMPPRISON

Flight No. Date Log Flag SIPS

11 31 Mar 77 8317 7750-8750 -
12 " 8317 <7750 <7750

13 5 Apr 77 8317 18750 -
14 " 8317 7750-8750 7750-8750

21 12 Apr 77 9500 >8750 z8750
22 it 9500 <7750

23 13 Apr 77 9500 - >8750
24 " 9500 - 7750-8750

26 14 Apr 77 9500 - 7750-8750
27 " 8317 - 7750-8750
28 " 8317 <7750 <7750
29 " 8317 <7750 <7750
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between flights, the static friction between the skid landing
gear and ground prevented the skid gear from readjusting for the
increased weight of the fuel.

The algorithm used to decrease gross weight due to fuel
consumption worked correctly. In addition, during one flight
after a landing, the rotor speed decreased below 250 rpm, and
the gross weight system updated itself correctly.

Occurrences. The SIRS recorder is designed to monitor the
various input parameters and, through the microprocessor logic,
to identify occurrences of flight conditions. Such typical
flight conditions include rotor start/stop cycles, power-on
landings, autorotative landings, high n maneuvers, and auto-
rotation-to-power transitions. In this section, the first
three occurrences will be discussed.

The SIRS recorder identified the eight rotor starts that
occurred during the seven data flights shown in Table 27 and
one extra cycle on Flight 12. The extra start was counted
because of an accidental pulling of the circuit breaker of the
instrumentation system, which caused the signal to behave as
though a shutdown was occurring.

In general, the SIRS recorder correctly identified the
normal landings performed during the flight test program.
Table 28 summarizes the normal and autorotative landings
detected by the SIRS recorder and identified on the FCR oscillo-
gram. An example of a typical landing is shown in Figure 30,
which includes the FCR and flag oscillograms. Table 28 shows
differences between the FCR and SIRS data due to two types of
problems, one in Flights 12, 28, and 29, and the second in
Flights 23, 24, 28, and 29.

The normal landings of Flights 12, 28, and 29 not recorded
by the SIRS recorder were missed because the recorder's logic
requires 10 seconds of flight before subsequent landing can be
considered valid, and 5 seconds on the ground before the landing
iE considered valid. During Flights 12, 28, and 29, multiple
landings were made as part of the investigation of the per-
foimance of the gross weight sensing system; not all of these
takeoffs and landings satisfied the logic of the recorder. No
changes to the recorder logic are planned since this problem
is not considered one that will exist in the operational
envircnment.

For the identified autorotative landings of Flights 23,
24, 28, and 29, the logic had to be modified because the SIRS
recorder was identifying normal power-on landings performed
at high gross weights as autorotative landings. This occurred
because the engine torque dropped below 5 psi sometime during
the 10 seconds prior to touchdown. The subsequent logic
changes will preclude the misidentification of normal landings.

Only three full autorotative landings were performed
during the flight test program because of pilot restrictions
and availability. All of these landings occurred during
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TABLE 27. COMPARISON OF FLIGHT LENGTH AND
ROTOR STARTS

Fit. Time (min) Rotor Starts
Flt.No. FCR SIRS FCR

12 55.60 56.32 1 2 (a)
14 52.57 52.72 1 1
21 73.86 74.69 1 1
23 37.77 38.03 1 1
24 25.29 25.39 1 1
28 85.81 85.69 1 1
29 60.97 61.89 2 2

Note:

(a) Caused by accidently pulling circuit breaker
for the instrumentation's electrical system.

TABLE 28. COMPARISON OF LANDINGS

Normal Landing Autorotative Landing
Flt.No. F SIRS(a) FCSR SR

12 4 2 0 0
14 1 1 0 0
21 9 9 0 0
23 5 4 0 1
24 4 3 0 1
28 3 1 0 1
29 13 7 0 2

Note:

(a) Discrepancies in the data are discussed
in the text.
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Figure 30. Normal Landing.
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Flight 13. Unfortunately, the temporary mercury batteries,
installed after the failure of the lithium batteries in the
qualification testing, lost contact in flight and the recorder
memory was lost; these slightly undersized batteries were
subsequently soldered in place. However, the FCR and flag
oscillograms in Figure 31 show that the SIRS recorder would
have identified the landing as an autorotative landing since
the engine torque was below 5 psi for the entire 10 seconds
prior to the landing as required by the SIRS recorder logic.

Timed Flight Conditions. The SIRS recorder can record the
duration o flight conditions in a manner similar to the recog-
nition of occurrences procedure. The microprocessor logic
identifies the flight conditions according to the individual
or collective flight parameter changes, each within a preset
range. For example, the duration of flight time is determined
by the length of time that the touchdown indicator indicates
an airborne condition. Likewise, a turn is identified as the
duration of time that roll attitude is beyond the threshold
if a vertical acceleration peak in excess of 1.3g occurs some-(,
time during the period; the turn is then characterized by the
airspeed and gross weight at which it was performed.

The durations of the seven data flights as measured by
the FCR oscillograph and the SIRS recorder are listed in Table
27. The maximum variation in the two measurements is I.S
percent; it should be noted that the potential for error in
measurement is greater with the oscillograph than with the
SIRS recorder because of the mechanical aspects of the oscillo-
graph.

In addition to the total flight time, the SIRS recorder
also measured the time spent in cruise at various airspeed
levels. Low-speed flight is defined by speeds of 50 to 65
percent VH; high-speed flight is defined by speeds of 65 to 95
percent VH; and maximum-speed flight is defined by speeds in
excess of 95 percent V . For all level flight conditions, the
airspeed is converted Vo the equivalent percent V for that
gross weight and density altitude condition. As Presented in
Table 29, the SIRS recorder accurately measured the time in
various cruise conditions. Por the same flight, a comparison
of measured and recorded values for VH throughout the cruise
conditions are presented in Table 30.

As discussel earlier, the SIRS recorder includes logic
to identify various types of turns, including normal, gunnery,
and gunnery S-turns. The turns are categorized by airspeed
and vertical acceleration for a given gross weight condition.
For Flight 14, normal, gunnery, and S-turns were analyzed by
processing data from the FCR and flag oscillographs and com-
paring these data with the output of the SIRS recorder. As
shown in Table 31, the agreement is very good between the flag
and SIRS data.
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Figure 31. Autorotative Landing.
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TABLE 29. COMPARISON OF CRUISE TIMES
FOR FLIGHT 14

Flag Oscillograph SIRS

Low-SpeedF ight 11 sec 12 sec

High-Speed Flight 934 sec 934 sec

Max. Speed Flight 53 sec 54 sec

TABLE 30. COMPARISON OF PERCENT V CALCULATIONS

DURING CRUISE FOR FLIGHT 14

Flight Indicated Density %VH

Condition Airspeed Altitude FCR7FEag

Low-Speed
Flight 91 2410 0.65 0.5-0.65

It 84 1048 0.59 0.5-0.65

High- Speed
Flight 100 2492 0.72 0.65-0.8
,, 133 2724 0.96 0.9-0.95

125 2807 0.91 0.8-0.9
100 2409 0.72 0.65-0.8

124 2291 0 89 0 8-0.9
131 2256 0.94 0.,)-0.95
110 2208 0.79 0.65-0.8
124 2Z91 0.89 0.8-0.9

a 127 2005 0 91 0.8-0.9
"113 2009 0:81 0.65-0.8

132 1969 0.94 0.9-0.95
It 115 2005 0.82 0.65-0.8

tt120 2005 0.86 0.8-0.9
131 1995 0 94 0.9-0.95

" 126 1969 0:90 0.8-0.9
124 1900 0 89 0.8-0.9

134 1827 0.96 0.9-0.95
I" 135 1298 0.95 0.9-0.95

" 124 1252 0.88 0.8-0.9

" 106 1174 0.25 0.65-0.8
Max. Speed

Flight 140 2800 1.01 >0.95
" 140 2020 1.00 >0.95
" 142 2030 1.01 >0.95
" 143 1703 1.02 >0.95
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TABLE 31. COMPARISON OF VARIOUS TURNS FOR
FLIGHT 14

Duration (sec)
Tp Gross Weight M Flag SIRS

Normal Turn <7750 234 222 222
" 7750-8750 40 39 39

Gunnery Turn <7750 28 27 27
" 7750-8750 167 158 161

Gunnery S-Turn 7750-8750 140 139 138

The measurement Pccuracy of the FCR and flag oscillographs
is less than that of the SIRS recorder because the crystal
clock in the recorder functions more precisely than the mechan-
ical drives in the oscillographs. Minor variations in the
drive speed of the oscillographs cause corresponding varia-
tions in the timed events. For illustrative purposes, Figure
32 presents the FCR and flag oscillograms for a typical turn.
This turn, as recorded by the SIRS recorder lasted 39.2 seconds.

9 In comparison, by analyzing when the roll flag changed from
Fwithin threshold to outside threshold and then back again, the

turn duration would be 39 seconds. Note that near the end of
the turn, the n flag changed from threshold to the range of
1.3 to 1.5g. IR the FCR chart, the turn duration is slightly
longer, 40 seconds, since the turn was identified at the in-
stant of roll attitude change rather than when it passes
through 100.

Maximum Parameter Value. The SIRS recorder can identify the
maximum value of a parameter during the interval between data
retrievals. During the flight test program, the maximum values
of vertical acceleration and V (limit velocity) were recorded.

Table 32 compares the maximum n peaks identified by the
SIRS recorder during each flight with the corresponding values
read from the FCR oscillograph. The largest positive peak re-
corded during the program was 2.73g, which occurred during a
turn at an airspeed of 97 percent V and with a roll angle
greater than 500, as shown in Figuru 33. The lowest positive
peak recorded during the program was 1.08g, which occurred in
a hover during Flight 25.
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TABLE 32. COMPARISON OF MAXIMUM nz VALUES

Fli~ht Maximum nz (g)

Flight No. Condition FCR SIRS

10 Turn 1.4 1.4
12 Dive 2.2 2.3
14 " 2.3 2.3
21 Turn 2.7 2.7
23 Dive 2.5 2.5
24 Quick Stop 1.6 1.6
25 Hover 1.1 1.1
26 " 1.1 1.1
27 Turn 1.7 1.7
28 Cyclic Pullup 1.6 1.6
29 Autorotation to Power 1.5 1.4

Although the SIRS recorder was programmed to also identify B
the maximum VL condition, the lack of a time delay in the re-
corder caused false V, values as the recorder and transducers
were powered up. Singe the altitude transducer has an equiva-
lent altitude of 21,200 feet at zero volts, during the power-up

cycle the recorder incorrectly calculated the V value. The
software logic has since been changed to includ a time delay
that will prevent erroneous calculations. The recorder cap-
ability of measuring maximum VL peaks has since been demon-
strated in the laboratory. In addition, follow-on IOT&E flight
tests with the All-iS have confirmed the laboratory findings.

Summary and Conclusions. The purpose of the Phase I testing
was to verify thatt-heSIRS recorder would operate reliably in
an operational helicopter environment and yield flight data.
The SIRS recorder successfully demonstrated that it can per-
form its intended function.

Minor improvements recommended for the SIRS recorder hard-
ware and software were incorporated in the SIRS recorders as-
signed to the Phase II Operational Evaluation. No major changes
in the recorder design were required.
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I MINUTE -
TIMER

ALTITUDE-- -29.98 "i-g 1 INCH *4.3 'Hg

LONGITUDINAL CONTROL POSITION

RLLATTITUDE TRQE ~ -o0 deg 1 INCH - 88.2 deg

COLLECTIVE CONTROL POSITION--,

LATERAL-STICK POSITION OAT

A EEfz -1I g 1 INCH -1.22 g

RUDDER POSITION7 ROTOR SPEED I INCH

-STATIC RErERENCE-., PITCH ATIUE-L d NH-.7"i

40 sec

(a) FCR Oscillograph

F 1I MINUTE'
4TIMER

PICHA OR Uf:

...TORQIIE 5-44 psi

LL' 8.95.

No AW *--GROSS WEIGHT 7750-87S0 lb

-:tW" *RATE or DESCENT <16S0 fpm
t ROTOR SPEED) >314 rpm

FLT-f*-IT/R

_________- ______ - STATIC RrrERrNCE

k-- 39 sec

(b) Flag Oscillograph

Normal Turn Time
SIRS - 39 sec

A Flag Oscillograph - 39 sec
FCR Oscillograph - 40 sec

Figure 32. Normal Turn.



1 MINUTE '
TIMER ., _

ALTITUDE--. -30.43 "Hg 1 INCH = 4.3 "Hg

. A. LONGITUDINAL CONTROL POSITION

ROLLATTITUDE
- -z -E0 deg 1 INCH = 77.9 deg

LATERAL STICK POSITION

RUDDER POSITION
_--PITCH ATTITUDE 1 INCH

STATIC REFERENCE.. -O 1n INCH =0.67 "Hg

~.TURNH

Figure 33. FCR Oscillograph Showing the Largest Positive
nz Peak Recorded During the Program.
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The application of the lift link system to the AH-IG was
to be researched further; if acceptable results were obtained,
it would be incorporated into the SIRS recorder system. In
addition, the measurement of pitch in conjunction with the
lift link should be considered as a method for decreasing the
sensitivity of the lift link system to center-of-gravity
changes.

With the incorporation of the recommended hardware and
software improvements, the SIRS recorder was declared accept-
able for the Phase II Operational Evaluation.

IOT&E

The IOT&E was entitled "Phase II Operational Flight Test
for the SIRS AH-lG Program." It was concerned with determin-
ing if there were any deficiencies that would inhibit or
limit the operational employment of the system. In addition,
this was the opportunity to show the user the design that
his original concepts produced, what he could expect to
accomplish with the system, and, more importantly, what it
would cost the user in terms of resources and manpower to
accomplish his operational task.

The major objectives of the IOT&E were to:

* Estimate the operational effectiveness and
suitability of the system as well as other
operational aspects of its military utility.

* Identify any operational deficiencies.

* Recommend and evaluate desirable changes and
trade-offs in production configuration.

o Obtain operational information for:

- Refinement 3f official program operat-
ing and support cost estimates.

- Identify system characteristics or de-
ficiencies that significantly impact
O&S costs.

IOT&E Test Support

During October 1977 the test article installation was
essentially completed. At the time of departure of the in-
stallation team from Fort Rucker, four of five SIRS recorders
were installed and operational. The fifth recorder was not
installed because of a malfunctioned vertical accelerometer
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that was being repaired. The helicopters in which the record-
ers were installed are listed below:

Aircraft Recorder Serial Number

66-15254 1008
66-15252 1009
66-15286 1010
66-15473 1011
66-15356 Installation of 1012

completed December 1977

A data collection trip was made on 15-17 November 1977 to
Fort Rucker to retrieve data from the four SIRS recorders and
to perform any required maintenance. The status of each re-
corder was summarized by aircraft tail number. The report at
that time was as follows:

"66-15254 - System Functioning properly."

"66-15252 - Aircraft is in maintenance hangar
for replacement of rotor mast. System was
inoperative due to large unbalance in the
strain gauge bridge. We were unable to com-
pensate for the unbalance and traced the prob-
lem to a faulty strain gauge. It will re-
quire the installation of a new instrumented
lift link."

"66-15286 - Attempted to retrieve data prior

to the morning mission and found the system
inoperative. Investigation showed that the
strain gauge bridge had been destroyed dur-
ing aircraft maintenance. The strain gauge
bridge appeared to have been hit with a
wrench. It will require the installation
of a new instrumented lift link."

"66-15473 - System functioning properly."

"66-15356 - System inoperative due to faulty
nz transducer. (Sent to factory for repair.)"

A data collection trip was made on 27-29 December 1977 to
Fort Rucker to retrieve data and to perform any required main-
tenance. The status of each recorder was summarized by air-
craft tail number. The report of findings at that time was as
follows:
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"66-15254 Retrieved data on 28 December

1977. Up .on checking the static gross weight
parameter, a zero condition was found. Fur-
ther investigation found a negative 0.3-volt
signal from the gross weight in-line ampli-
fier. Rebalancing of the strain gauge bridge
produced a 70-count static indication on
the Retrieval Unit. While closing up the
aircraft, the Retrieval Unit was left on
(approximately 3 minutes) and the 70-count
reading drifted down to 46 counts. The
46-count reading did not drift over the
next 1-minute interval. The Retrieval
Unit was turned off for approximately
2 minutes and back on to monitor gross
weight. A 54-count reading was observed
this second time and a slow drift down-
ward to 50 counts took an estimated 52
seconds. It appears that the strain
gauge bridge is drifting."

"66-15252 - Aircraft is still in maintenance

hangar awaiting rotor mast change. The strain
gauge bridge is still unbalanced due to a
faulty bridge. The system is still inop-
erative and will need a new instrumented
lift link."

"66-15286 - System inoperative due to a
completely destroyed strain gauge on the
lift link. This system will need a new
instrumented lift link."

"66-15273 - Data retrieved and static con-
dition checkout show this system func-
tioning properly."

The IOT&E flight test continued into the February 1978
time frame. By that time the AH-IlG program had been phased
down and replaced by the follow-on IOT&E with the AH-lS used
as the test vehicle.

Evaluation of an AH-lG Fleet Operating
Parameter That Impacts O&S Costs

It was noted that conventional calculated component damage
was arrived at by using official logbook hours reported on each
airframe. Further, it was observed that calculated SIRS spec-
trum damage and component damage arrived at by using recorder
clock time would both lead to extended service lives of the
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10 high-value, fatigue-sensitive components under study inthis program. This is attributed to the fact that the recorderelectronics is made to function only at the onset of eventsleading to component damage. This typically begins at rotor
start. Component damage is not accumulated during engine run-up although the aircrew would be expected to include all opera-ting times in logbook hours independent of whether they con-tribute to component damage. An example of the results foraircraft 66-15473 is reproduced in Table 33. A statistical
treatment of the calculated component damage throughout thislimited flight test program may be seen in Table 34.The planned DT&E and IOT&E programs for the SIRS conceptwere completed in December 1977. The follow-on IOT&B wasphased in at that time with the AH-lS as the test vehicle.While the AH-lG DT&E and IOT&E programs were quite compressed,a number of significant findings were derived from the effort.

1
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TABLE 33. CALCULATED COMPONENT DAMAGE

Predicted Spectrum

Component SIRS Spectrum Recorder Hours Lotbuok Hours

Main Rotor Blade 0.00706 0.05477 0.08227
Main Rotor Yoke Extensiou 0.0 0.01826 0,02742
Main Rotor Grip 0.0 0.00602 0.00905
Main Rotor Pitch Horn 0.00002 0.00913 0.01371
Retention Strap Ftg/Nut 0.02563 0.02738 0.04114
Swashplate Drive Link 0.00001 0.00548 0.00823
Sw'ishplate Outer Ring 0.00025 0.01826 0.02742
Swashplate Inner Ring 0.00007 0.01826 0.02742
Hydraulic Boost Cylinder 0.00080 0.01826 0.02742
Tail Rotor Blade 0.00130 0.05477 0.08227

TABLE 34. STATISTICAL EVALUATION OF CALCULATED COMPONENT
DAMAGE (ALL FLIGHTS)

Flight Hour Damage

Damage S Recorder Sx  Logbook S
Spec t rum Spec trum Spect rum

Main Rotoi Blade 0.01041 0.01139 0.04386 0.02679 0.08491 0.01206

Main Rotor 'oke Ixtenbion 0.000594 0.01314 0.01462 0.00893 0.02833 0.00400

Main Rotor Giipl 0.01106 0.02957 0.00514 0.00317 0.00910 0.00177

Main Rotor Pith Horn 0.00023 9.00091 0.00779 0.00480 0.01379 0.00269

Retention 'trap HIg/Nut 0.03272 0.01732 0.02338 0.01439 0.u4137 0.00807

Swaslplate Drive Link 0.00020 0.00081 0.00468 0.00288 0.00828 0.00161

Swashplate Outer Ring 0.01870 0.06998 0.01559 0.00960 0.02758 0.00538

Svashplate Inner Ring 0.00320 0.00709 0.01694 0.00992 0.02923 0.00432

Hydraulic Boost Cylinder 0.00037 0.00035 0.01462 0.00893 0.02830 0.00402

lail Rotoi Blade 0.02723 0.04352 0.0080 0.02976 0.08771 0.01296
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CHAPTER S.

FINDINGS

DT&E FLIGHT TEST (PHASE I PROTOTYPE FLIGHT TEST)

Software Modifications

During the flight test program, several flight conditions
were identified that required computer logic modification to
properly identify or time them. These flight conditions are
identified in 'fable 35.

Hardware Modifications

Several findings resulted from the qualification program.
Assorted internal wire routing and terminations were shown to
need improvement. The lithium battery failed during the tem-
perature-altitude-humidity test. The gross weight system
operated correctly during the flight test program in all modes
except one. When the helicopter landed at a low gross weight
and then -fueled, an error was introduced because the skid
landing gear could not assume a new position due to the static
friction between the skid gear and the ground. This problem
could be solved Iy requiring a brief lift-off and touchdown
before flight takeoff so that the skid gear could assume its
normal positon for the existing gross weight. This solution,
however, is not considered practical in the operational envi-
ronment.

IOT&E (PHASE II OPERATIONAL EVALUATION)

Following satisfactory completion of the prot. type flight
testing, it was determined that the follow-on operational test
program would be pursued. Five AH-lG aircraft were selected to
participate in this program. The aircraft identified for par-
ticipation in the program were: 66-15254, 66-15252, 66-15286,
66-15473, and 66-15356.

Before the flight test was initiated, a number of modifi-
cations to the SIRS equipment were implemented to improve its
performance. After transmission lift links were strain gauged
and calibrated, and software modifications were made to the
EPROM resident software, the mission equipment was installed
on the five test aircraft. On aircraft 66-15356, the n trans-
ducer was inoperative for the first three months of opefation.
This negated effective data gathering on this airframe for theentire operational test program. During the data retrieval of

15-17 November, the strain gauge deficiencies were noted on the
lift links of two aircraft. Aircraft 66-15286 had a defective
strain gauge that appeared to have been damaged during a routine
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k TABLE 35. FLIGHT CONDITION LOGIC MODIFICATIONS

Flight Condition Modification

Normal/Autorotation Minor changes to lengthen
Landing period required for low torque

and average torque values

Gunnery Run Dive Major logic change (see Chapter 4)

Pullup - Symmetrical Major logic change to be
and Asymmetrical compatible with Dive Logic

(see Chapter 4)

Autorotation Time Minor change to correct soft-
ware coding error

Full Power Climb Minor change to provide
category for low-speed, high-
power climb

Maximum VL Minor change to require time
delay prior to start of
recorder operation

Quick Stops Minor change to require
decrease in airspeed during
maneuver
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maintenance operation. Aircraft 66-15252 was found to have a
defective strain gauge bridge. Thus, three aircraft were
essentially unable to provide useful data during the operation
test program.

Aircraft 66-15473, and 66-15254 systems were operational
for the entire test period from 1 October to 28 December 1977.
During that 90-day period, 132.3 hours of data were captured
on aircraft 66-15254. A total of 128.7 hours were retrieved
from aircraft 66-15473.

Explicit Determination of Gross Weight (GW)

As noted previously, the attempt to determine AH-lG
gross weight by strain gauging the landing gear was unsuccess-
ful. During the IOT&E flight test program (Phase II Operation-
al Flight Test), an alternate approach was to strain gauge
the lift links to explicitly measure gross weight. The gross
weight parameter is important to calculation of fatigue lives
of the 10 parts under consideration.

From the R&D standpoint, it was found to be possible to
determine GW by instrumenting the lift links. However, the
concept produced consistently erratic data, required close
technical attention, and was failure prone. The concept
involved bonding strain gauges to the lift link. This was
generally found unsatisfactory due to lack of good mechanical
bond to the shot-peened surfaces. When operative, this was
found to be marginally unsatisfactory due to the high vibration
environment. Thus from an R&D standpoint, the lift link
concept of instrumentation appeared feasible but from an oper-
ational viewpoint (IOT&E) the scheme was judged a failure.
This short IOT&E suggests that the technique is too exotic for
successful fleet-wide, operational deployment.

Tracking of High-Value, Fatigue Sensitive Parts

During the IOT&E flight test program the practical matter
of keeping track of the 10 selected parts became difficult.
Nevertheless, as parts are installed or removed for whatever
reason, SIRS logistical integrity requires close attention toservice lives of all parts on all aircraft that are involved.

This IOT&E flight test program, while short, was adequate to
sharply focus on the need for a simple, effective parts track-
ing procedure.

DTU Packaging

DTU operators were required to travel from contractor
facilities to the responsible test organization at Fort Rucker
throughout this limited IOT&E program. The mode of transporta-
tion selected, normally commercial air, resulted in considerable
experience with operator transportation of the DTU. Early in
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the program, operator observations began to accumulate as to
the unwieldy nature of the packaging concept selected for this
ground support equipment. Flight test time was inadequate for
thorough evaluation of this equipment. Thus it was not deter-
mined whether an alternative packaging concept would be a
nice-to-have operational attribute or a mission-essential factor.

DTU Tape Drive

During the course of this limited IOT&E program, the use
of a one-way controller on the DTU tape drive was found to be
a defective design concept. During DTU operations requiring
tape search, the design concept that use- rewind times to find
a specific record consistently resulted in selection of the
incorrect record. This was due to system hysteresis from wear
and varying ambient temperature, which caused inconsistent
operation of the mechanical elements of the winding and re-
winding mechanisms.

Use of DTU During Battery Charging Operation

The design concept was found to preclude DTU operations
for other tasks during battery recharging operations. This was
of no particular import in the R&D environment during DT&L.
However, the operational import became clear during the IOT&E
phase of this testing. Corrective action is indicated as this
attribute of the design reduces maintenance productivity.

Logistics of Data Reduction

The IOTE portion of the AH-lG flight test program was an
opportunity to proof-test the original data reduction concept.
In that capacity the contractor emulated the postulated Data
Processing Center. The concept is summarized as follows:

At the Data Processing Center, the recorded data
would be converted into assessment of fatigue
damage. The effort would be divided into three
tasks: initial processing (IPS), fatigue damage
assessment (FDAS), and component tracking manage-
ment (CTMS). Each task, as described in Chapter 3,
was developed as a separate system, with appro-
priate interfaces, to form the data processing
system.

During this IOT&E both the IPS and FDAS were satisfactorily
demonstrated. No attempt was made to test or evaluate the
CTMS.
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Statistical Evaluation of Calculated Component Damage

From the test data reported in Chapter 4, it seems appar-
ent that the damage values for the 10 components under consi-
deration differ according to the technique used to calculate
the cumulative damage. Here we will statistically test that
observation. Three null hypotheses will be tested:

He(l): Component damage = Component damage
recorder-derived logbook-derived

HO(2): Component damage = Component damage
SIRS-derived logbook-derived

HO (3): Component damage = Component damage

recorder-derived SIRS-derived

The approach used is to take the smallest difference between
the respective values for the test of these hypotheses. From
Table 34 the smallest delta was found. Table 36 summarizes
the deltas and associated calculations. H (1) is tested via
Main Rotor Grip data. H (2) will be testeR with Swashplate
Drive Link data, and H (9) will be tested with Swashplate
Outer Ring data. All Rull hypotheses were rejected at the 5-
percent significance level. Sample Calculation 1 using small
sampling theory is shown.

Sample Calculation 1

Test Null Hypothesis H (1): 0.00514 = 0.00910 (from
Reference 8, p. 261) to a 5-percent level of significance:

N1 = 16 N2 = 16

il = 0.00514 i2 = 0.00910

S- = 0.00317 (Std. Error) S- = 0.001777 (Std. Error)

xlx

V1 = 0.0000100489 V2 = 0.0000031577

8. Tintuer, G., MATHEMATICS AND STATISTICS FOR ECONOMISTS,
New York: Holt, Rinehart, and Winston, 1965.
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2  - [N 1 I)VI + (Ni"1)Vi](NI+Ni)

1 2 N1 N2 (N1 +N2- 2)

= ((16-1)0.0000100489 + (16-1)(0.0000031577)](16+16)
16(16) (16+16-2)

= [15(0.0000100489) + 15Q0.0000031577)] (32)
16(16)(30)

= (0.0001507335 + 0.0000473655)(32)
7680

= (0.000198099)32 = 0.0000008254

7680

t(empir~ia') = (0.00514-0.00910) = 4797.60

8.254 x 10
7

n (degree of freedom) = N1 + N2 - 2 = 16 + 16 - 2 30

t (at S-percent significance) = 2.042

Since t(empirical) >> t(required at 5-percent significance),
null h,'pothesis is rejected.

Of final concern is whether the standard deviations
observed during the IOT&E flight test are statistically sub-
stantiative. Therefore three additional hypotheses will be
tested:

H0 (4): a (Component damage) = a (Component damage
(recorder-derived \logbook-derived I

H0(S): a (Component damage) = a (component damage

SIRS-derived logbook-derived /

H0(6):a (Component damage )  a (Component damage)
(recorder-derived) SIRS-derived

The same methodology previously used is repeated here. H (4)
will be tested via swashplate drive link data. H0 (5) will be
tested with main rotor blade data, and H (6) will be tested
with swashplate drive link data. Table 27 shows the smallest
AS selected. Sample Calculation 2 is similar to that pre-
viously shown (Reference 8).
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TABLE 36. EVALUATION OF Ax FOR CALCULATED COMPONENT DAMAGE

@ @ 0 @-@ (D j@-Q
SIRS Recorder Logbook Absolute Absolute Absolute

Spectrum Spectrum Spectrum Value Value Value

Slain Rotor Blade 0.01041 0.04386 0.08491 0.04105 0.0745 0.03345

main Rotor Yoke Extension 0.000594 0.01462 0.02833 0,01371 0.027736 0.014026

Stain Rotor Grip 0.01106 0.00514 0.00910 0.00396 0.00196 0.00592

Slain Rotor Pitch Horn 0.00023 0.00779 0.01379 0.006 0,10356 0.00327

SRetention Strap Ftg/Nut 0.03272 0.02338 0.04137 0'.01799 0.00865 0.00934

Swashplate Orive Link 0.00020 0.00468 0.00828 0.0036 0.00808 0.00448

Swashplate Oiter Ring 0.01870 0.01559 0,02758 0.01199 0.00888 0,00311

Swashplate Inner Ring 0.00320 0.01694 0.02923 0,01229 0.02603 0.01374

Hydraulic Boost Cylinder 0.00037 0.01462 0.02830 0.01368 0.02793 0.01425

Tail Rotor Blade 0.02723 0.05080 0,08771 0.03691 0.06048 0.02357

TABLE 37. EVALUATION OF AS FOR CALCULATED COMPONENT DAMAGE

AbsulutAbsbsolutSIRS Recorder Logbook AbsoluteAboue bsut

Spectrum Spectrum Spectrum Value Value Value

Mtain Rotor Blade 0.01139 0.02679 0.01206 0.01473 0.00067 0.0154

Stain Rotor Yoke Lxtension 0.01314 0.00893 0.00400 U.00493 0.00914 0.00421

Slain Rotor Grip 0.02957 0.00317 0.00177 0.0014 0.0278 0.0264

Mlain Rotor Pitch Horn 0.00091 0.00480 0.00269 0.00211 0.00178 0.00389

Retention Strap Ftg/Nut 0.1732 0.01439 0.0080- 0.00632 0.00925 0.00293

Swashplate Drive Link 0,00081 0.00288 0.00161 0.00127 0.0008 0.00207

Swashplate Outer Ring 0.06998 0.00960 0.00538 0.00422 0.0646 0.06038

Swa-shplate Innei Ring 0.00709 0.00992 0.00432 0.0056 0.00277 0.00283

lydraulic Boost Cylinder 0.00035 0.00893 0.00402 0.00491 0.00367 0.00858

Tail Rotor Blade 0.04352 0.02976 0.01296 0.0168 0.03056 0.01376
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Sample Calculation 2

* NI =lI N2 =11

= 0.01139 x = 0.01206

S- = 0.00343 (Std. Error) S- = 0.00364 (Std. Error)x 1x2

V1 = 0.00001176 V 2 = 0.0000132496

S2 _ - [(NI - 1)V 1 + (N2 - l)V 2] (N1 + N2)
X1-X2 NI N2 (N1 + N2 - 2)

: [10(0.00001176) + 10(0.0000132496)](22)
121(20)

= (0.0001176 + 0.000132496)22
2420

= (0.000250096)22
2420

= 0.000022736

t(empirical) = (0.01139 - 0.01206)

2.2736 x 106

= -294.68

n (degrees of freedom) = N1 + N2 - 2 = 11 + 11 - 2 =20

t (at 5-percent significance) = 2.086

Since t(empirical) >> t(required at S-percent significance),
null hypothesis is rejected.

In summary, H (1), H (2), H (3), Hn (4), H (S), and H (6)
are rejected at thp 5-perent leel of ignifi-ance. Th means
that the deltas are due to a systematic assignable difference
and cannot be attributed to a random phenomenon. The relation-
ships of each technique to the implied service lives of these
high-value, fatigue-sensitive assemblies may be observed in
Figures 34 through 43.
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It will be noted that the "greater than" ogives used in
the figures imply a normal distribution. In an attempt to
determine whether a normal distribution represented a good fit
for a given data, normal curve graph paper was used to check
closeness of fit on four randomly selected samples of the SIRS
data. The plotted points fell reasonably close to a straight
line. Hence the data was treated as normally distributed for
purposes of the preliminary evaluation.

The means for each type of failure calculation are sig-
nificantly different. The standard deviations for each type of
failure calculation ar6 significantly different. The standard
deviations found for the SIRS throughout this test series must
be considered marginally satisfactory.

Software

Three software concepts were open for evaluation during
the IOT&E. The IPS, FDAS, and CMTS require close examination
prior to a SIRS deployment decision. The IPS and FDAS were both
exercised with satisfactory results. The CMTS remains untested
in the IOT&E environment.
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Figure 41. Swashplate Inner Ring Damage Spectrums. 1
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Figure 42. Hydraulic Boost Cylinder Damage Spectrums.
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CHAPTER 6.

CONCLUSIONS

DT&E FLIGHT TEST (PHASE I PROTOTYPE FLIGHT TEST)

Software Modifications

Of the seven modifications identified, two have already
been discussed, i.e., normal versus autorotational landing
and maximum VL detection. The logic change for measuring auto-
rotative time was required because the software had a design
ecror. That is, the logic included a timer designed to filter
transients from the torque transducer output, but the logic did
not properly clear this timer, thereby causing random amounts
of time to be put into this flight condition category whenever
a transient occurred. For the full-power climb condition, addi-
tional memory was allocated to permit recording both low-speed
and high-speed climbs at high power settings. A minor change
was made to the software, defining a Quick Stop so that the
airspeed would have to decrease during the maneuver before it
could be recorded.

During the flight test program, numerous dives and corres-
ponding pullouts were performed, but very little time was re-
corded by the SIRS recorder in either type of flight condition.
In most instances, the logic relationships between rate of de-
scent, airspeed, and vertical acceleration did not correlate
with the actual relationships. A review of the data collected
during the various symmetrical and asymmetrical dives and the
resulting pullouts, such as the example shown in Figure 44, led
to a simple method for identifying the dives. The SIRS recorder
logic now "looks for" a negative vertical acceleration greater
than 0.8g followed by a positive vertical acceleration of l.3g
or greater; during this interval, the airspeed must increase
and the altitude must decrease by certain prescribed amounts.
The dive is then categorized by the gross weight, airspeed, and
vertical acceleration levels once it has been determined to be
asymmetrical or asymmetrical (roll attitude outside of threshold)
dive. The resulting pullout from a dive is defined as the dura-

tion that the vertical acceleration is between l.3g and l.lg;
it is categorized by airspeed, gross weight, and its symmetrical
or asymmetrical configuration.

Hardware Modifications

An alternate gross weight monitoring approach that measures
gross weight in flight was identified during a joint in-house
investigation conducted by Bell Helicopter Textron and Technology
Incorporated. This system would measure the axial load within
the lift link, a transmission mounting member. Such a system
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Figure 44. Dive/Dive Pullout.
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would update the aircraft gross weight of the helicopter when-
ever the helicopter is in level, unaccelerated flight. Conse-
quently, this system would measure the gross weight more accu-
rately than the skid landing gear technique because it could
detect gross weight changes due to weapons firing.

IOT&E (PHASE II OPERATIONAL EVALUATION)

Explicit Determination of Gross Weight

During the DT&E and IOT&E program two procedures were
evaluated to explicitly measure the GW parameter during flight
operations of the AH-IG. One was found to be marginally satis-
factory from a technical standpoint (DT&E). Both were unsatis-
factory from an operational standpoint (IOT&E).

It must be recognized that the GW parameter is important
in calculating fatigue lives of the 10 selected parts. However,
it is additionally recognized that explicit measurement of this
parameter comprises a state-of-the-art challenge. In addition,
explicit measurement will be expensive. A fresh look at the
problem is in order.

A cursory examination of the fatigue life calculations and
the recommended service lives of the 10 selected parts implies
a large error budget. This is not surprising due to the empir-
ical nature of the phenomena. It is suggested that within the
existing error budget, the GW parameter could be imputed with
a priori knowledge of the part usage. Finally, all possible
instrumentation options should be considered if explicit GW
measurement is essential.

Tracking of High-Value, Fatigue-Sensitive Parts

The need for a simple, effective parts tracking procedure
for the many high-value, fatigue-sensitive parts under surveil-
lance by the SIRS concept became apparent during this short IOT&E
flight test program. In addition, the process must minimally
impact the logistics support of the U.S. Army aviation program.

DTU Packaging

The reported unwieldy nature of the DTU package was noted
during this brief IOT&E flight test program. This package re-
quires more in-depth evaluation. A number of alternate DTU
packaging concepts could be postulated; for example, a two-
package concept with rugged elements in one box and the more
sensitive elements in another.

DTU Tape Drive

The selected design concept using a single capstan con-
troller was found to be operationally inadequate and demanded
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corrective action. The tape drive vendor was contacted on this
matter. It was determined that an applicable cure would be to
adjust the design, providing for dual-direction capstan control-
lers and thus ensuring positive authority over the operation of
the tape location at all times. This would enable effective
data manipulation and reference in a time-efficient manner.

Use of DTU During Battery Charging Operation

The inoperability of the DTU during battery charging opera-
tions was noted. The adverse impact on productivity was deemed
unnecessary since a relatively minor design adjustment would
readily render the DTU available for other tasks during DTU
battery charging operations.

Logistics of Data Reduction

The time invested in this short IOT&E was inadequate to
completely or accurately assess the logistics of the original
SIRS data reduction concept.

Statistical Evaluation of Calculated Component Damage

The test results of Chapter 4 and findings reported in
Chapter 5 demonstrate that the method selected to calculate
service lives of the 10 selected assemblies significantly in-
fluences the economics of AH-lG life-cycle cost for those parts.

Use of logbook data to calculate component fatigue damage
produces an extravagant replenishment spares requirement.

Use of recorder data to calculate component fatigue damage
will yield a significantly more economical approach to logisti-
cal support of the 10 parts under consideration. This is attri-
buted to the fact that the recorder electronics only count
fatigue-damaging phenomena beginning after rotor start. Engine
run time and mission planning times, for example, are not in-
cluded in calculations. Thus it may be concluded that the Army
might consider a counting device (recorder values) rather than
operational logbook times to arrive at component retirement
lives.

The optimum service life for the 10 high-value, fatigue-
sensitive parts was yielded by SIRS spectrum monitoring.

Finally, it must be concluded that the scatter of SIRS
component damage data during this brief IOT&E is systematic.
Examination revealed a single-point failure mechanism within
the recorder; i.e., the GW sensor channel was multiplexed such
that it affected all other channels. Further, the GW sensor
was quite troublesome throughout the IOT&E as reported in Chap-
ter 4. Thus SIRS performance will be significantly enhanced
by implementing corrective action on the GW sensing channel
and the recorder multiplexing scheme.
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Software

Since the IPS and FDAS have been demonstrated and found to
be satisfactory, they are considered ready for OT&E testing.
It is noted that the CMTS package remains untested in the DT&E
and IOT&E mode.
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CHAPTER 7.

RECOMMENDATIONS

As a result of the DT&E and IOT&E flight testing, several
modifications of the SIRS concept are recommended. These recom-
mendations include software logic changes to better ideittify
certain flight conditions and hardware modifications to better
survive the operational environment. In addition, operational
considerations are recommended.

DT&E FLIGHT TEST (PHASE I PROTOTYPE FLIGHT TEST)

Software Modifications

A total of seven needed software changes that were recom-
mended were made to the SIRS recorder logic and tested in the
laboratory on a SIRS recorder simulator. No further action is
required on this recommendation.

Hardware Modifications

As a result of the qualification program, several hardware
modifications were recommended for incorporation into the re-
corders to be used during the Phase II Operational Evaluation.
These modifications include the improvement of some of the in-
ternal wire routing and terminations. In addition, the lithium
battery that failed during the temperature-altitude-humidity
test was replaced by an improved, qualified lithium battery. No
retesting was contemplated since this battery has been success-
fully tested under similar environmental conditions.

Flight testing on a Bell Model 212 helicopter equipped with
both a SIRS recorder and a magnetic tape instrumentation system
indicated that the in-flight gross weight measuring system would
yield valid data if the center-of-gravity excursions were not
large. Because the c.g. excursion on operational AH-lG heli-
copters is about 5 inches for gross weights ranging between 7000
and 9500 pounds, it was felt that the lift link measurement
system could be adjusted for these excursions. Moreover, this
system would yield data more accurately than the skid landing
gear system since the latter has the limitation of an assumed
fuel burn-off rate and a fixed weight for all weapons configu-
rations.

All of these recommended alterations were executed and were
successful except for the GW sensing scheme. Details of those
results are cited under the IOT&E flight test program findings
(Chapter 5).

137



IOT&E (PHASE II OPERATIONAL EVALUATION)

Explicit Determination of Gross Weight

Since the two sensor techniques selected to explicitly
measure GW were unsatisfactory, a new approach is recommended for
determining this important parameter. The scheme should conform
to the error budget existing within the theoretical calculated
fatigue life and recommended service lives of the 10 parts under
evaluation in the SIRS program. In addition, a clamped-on,
piezoelectric strain gage approach should be used for instru-
menting the AH-lS lift link. This will eliminate the need to
mechanically bond the sensor to the shot-peened lift link
surface. Thorough concept testing by follow-on IOT&E with con-
firmed, satisfactory results prior to implementation/deployment
is recommended.

Tracking of High-Value, Fatigue-Sensitive Parts

As the DT&E program merged into the IOT&E program the
importance of tracking the high-value, fatigue-sensitive parts
under SIRS surveillance became unmistakable. It is recommended
that the SIRS DTU be modified to provide for operator inputs
when a part is changed. This will minimize the need for
additional paperwork at the organizational level while captur-
ing this vital data essential to operational utility of SIRS.
This concept should be tested and evaluated via a follow-on
IOT&E, with using cortmand and logistical command inputs to the
evaluations.

DTU Packaging

The reported unwieldy nature of the DTU packaging should
be investigated within the operational environment. The selected
design is inconvenient to the operator from the standpoint of
transportation. Nevertheless, execution of alternative pack-
aging concepts entails life-cycle-cost implications. Further
IOT&E of the DTU packaging should be accompanied by a cost-
benefit evaluation of postulated alternatives.

DTU Tape Drive

The single DTU tape drive capstan control concept required
rectification. The appropriate corrective action was to pro-
vide for dual wind/rewind capstan controllers. This recom-
mendation was implemented and was subsequently found to be
satisfactory. The DTU employed in the follow-on IOT&E flight
test program of AH-lS employs this design concept. No further
action is required.
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Use of DTU During Battery Charging Operation

It is recommended that the DTU circuitry be redesigned to
provide for operability during the battery recharging operation
and that the redesign be evaluated during follow-on IOT&E.

Logistics of Data Peduction

The postulated data processing system in support of the
SIRS concept was inadequately tested or evaluated due to the
compressed time schedule. Complete and thorough testing and
evaluation of the system via an appropriate extension of the
IOT&E period is recommended. The IPS, FDAS, and CTMS should
be closely examined as an integral part of the AVSCOM RANMIT
system.

Statistical Evaluation of Calculated Component Damage

The use of operational logbook hours to calculate component
fatigue damage for high-value, fatigue-sensitive assemblies
yields extravagant results. It is recommended that SIRS be used
to compute service lives of these parts.

Since the standard deviations of SIRS results can be re-
duced by altering the GW sensor methodology and recorder multi-
plexing scheme, these changes should be implemented.

The alterations should be carefully and adequately tested
via a follow-on IOT&E. Assessments by using command and
logistical command should be provided prior to a deployment
decision.

Software

The IPS and FDAS packages are operational. The CMTS con-
cept should be reviewed to ensure its capability with U.S. Army
aviation program needs.
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ABBREVIATIONS

ATR Airborne Transmitter Rack

BIT Built-In Test

CTMS Component Tracking Management System

DoD Department of Defense

DT&E Development Test and Evaluation

DTU Data Transfer Unit

EMI Electromagnetic Interference

EMC Electromagnetic Compatability

EPROM Erasable Programmable Read-Only Memory

FCC Flight Condition Category

FCM Flight Condition Monitoring

FCR Flight Condition Recognition

FDAS Fatigue Damage Assessment System

GW Gross Weight

H-GW High Gross Weight

IOT&E Initial Operational Test and Evaluation

IPS Initial Processing System

L-GW Light Gross Weight

M-GW Medium Gross Weight

MTBF Mean-Time-Between-Failures

O&S Operating and Support

PC Printed Circuit

R&D Research and Development

RAM Random Access Memory

RAMMIT Reliability and Maintainability Management Improve-
ment Techniques
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ABBREVIATIONS - Concluded

RJE Remote Job Entry

SIRS Structural Integrity Recording System

V H Maximum Attainable (Level Flight) Velocity

V L Limit Velocity
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APPENDIX A

DETAILED FCM SYSTEM DESCRIPTION

This appendix describes the flight condition categories in
terms of the pertinent flight parameters by indicating the cri-
teria that govern (1) the definition and identification of each
flight condition category, and (2) the requirements for monitor-
ing the flight condition categories. These criteria are defined
by sample (theoretical) time-history traces and written descrip-
tions.

The 103 flight condition categories are summarized in Table
A-l. The letters in the column entitled "Type" are defined as
follows:

T = accumulated time spent in the flight condition category
during a specified recording period

C = accumulated occurrences of the flight condition cate-
gory during a specified recording period

M = maximum parameter magnitude during a specified record-
ing period

N = null recording category

The system parameters, both those directly recorded and
those computed, are summarized in Table A-2.
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TABLE A-i. FCM SYSTEM SUMMARY

FIt. Cond. Cat. -No.

Gross Weight (II')

077S0 77S0*117S0 17S Parameters Typ Threshiolds

1 2 Clrock Time T ...... .....

4 Rotor Speed Above or Below Threshold C 100 RPM

S 6 7 Vertical Accel. Below Threshold T I'lg

Roll Attitude Belo 1hreshold B 11S
itAttitude Above ThresholId it Is.

Englne Torque Press. Above Threshold ET '; S psi

Q tO ngine Torque Press. Above Threshold C ET > 5 psi
louchdown Occurs ...........

II 12 I Verr'.a1 .Accel.Below Threshold nz < 1.3g
A/S Bt ween Threshold 0.50 R :S A/S < 1 65 Y14
Roll Attitude Beow Thres;hold B e 10-
Ra te of Dersc ent Be low Threshold RID < 1650 fpms

14 Is 16 Veitical Accel. Below rhreslinld T Un I A.g .SV
A/S Between Threshold 0.6s VH < A/S '09 ~
Roll Attitude Below Threshold il Z 101
Bat of Descent Below rhreshold RI) < 1050 fpm
Engine Torque Press. Between Thresholds S p)si e ET < 44 pi

17 10 IQ Vertitil Actel. Below Thieshold T n. 1 .3g
A/S Above threshold A/. i 0.95 VH
Roll Att itude Below Threshold B 1 01
Rate of Descent Below Threshbold n~I c 16S0 fpmA

20 21 22 Verticat Accel. Below Threshold T ". e 1.l;
A/S Between Thresholds O.S5 V", < A/S < 0 65wI
Poll Attitude Below Threshold B Z IQ,
Rate of Descent Below tHiresIioI RI) < 1650 rpm
tng ine lorilue Press . Abovv h;iweshold El : 44 psi

A/S Between Thre~holds 0.6s VII 7 A S < 1.00 VW4

Roll Attitude Above Threshold F '; 10,

26 27 28 Vertical Accel. Between Ibreshol T 1 3 <C n,,< 1. S
A/S Above Threshold A/ S ; 7
Roll Asttitiide Above Threshold R 3' 10.

Z') 10 1l %ertical AMccl. Below Ilireshold T n, e 3g
A/S Below Threshold A/S e 0.70 Vi.
Roll Attitude Below ibresliold a 101
Bate of flescent Ahose Ibresliolil RD > 16 SO (im

12 33 31 Vert ital Accel . Below 1Iire~lolil T nz < I.3p
A/S Between Thresholds 0. 70 vI 1,e A/S < 0.0S VI.
Roll Attitude Below ibresliold Bi < lott-
Rate of liencent Above Threshold RD > 1650 fpsn

35 36 37 Vertical Ac~el. Below Threshold T nz < l.Ig
A/S Betweei Thresholds 0.05S V1, < A/S < 0.9S
Roll Attitude Below Threshold < 10'

Rte Of D[ecnt Above Threhod 
RD) > 1650 fpti

38 30 40 Vrtical Uc1. Below Threshold T 11 < l.3r
A/S Above Threshold A/A > 0.95 V1,
Boll Attitude Below Threshold B 10*

ARate of Descent Above Threshold RDI> 16S0 flim

41 42 43 Vertical Accel. Above Threshold T nj .1 l.Sg
A/S Below Threshold A / b 0.70
Roll Attitude Between Threshold 10' 7 : 4 3VS

44 4; 46 Vertical Accel. Above Threshold n z > l.Sg
A/S B16tween Threshold* 0.70 1 t' A/S < 0.85 VI.
Roll Attitiide Betweeni Threshnld 10 < 0 <

47 48 411 Vertl~al Accel. Above Threshold T nz > l.sR
A/S Between Thresholdc 0.4S V Z A/S < 0.95 VL
Roll Attitude Between Thresholds 10 < 0Is,

so SI S2 Vertical Acced. Above Threshold T n I I.Sg

A/S AMove Threshold A/1 > 0.95 V

Boll Attitude Between Thresholds 10e 0 <t 3
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TABLE A-1. Concluded

Fit. Cond. Cat. No.

Gross Weight (Ib)
<7750 7750-8750 >8750 Parameters TyeJ*

)  
Thresholds

53 54 55 Vertial Atcei. Above Threshold T n .3g
A/S Below Threshold A/S < 0.70 V1,Roll Attitude Below Thrcshold a 7 In"
Pitch Attitude Above Threshold > 5>

56 57 58 Vertical Accel. Above Threshold T 5 1.3g
A/S Between Thresholds 0.70 VL A/S < 0.85 VL
Roll Attitude Below Threshold e < 10*
Pitch Attitude Above Threshold e )

59 60 61 Vertical Accel. Above Threshold T A > 0 VL
A/S Abo'e Threshold A O.i VL
Roll Attitude Below Threshold 6 10,
Pitch Attitude Above Threshold 5 S

62 63 64 Vertical Accel. Above Threshold T n. > .Sg
A/S Below Threshold A/ 9 1.65 VH
Initial Roll Attitude Above Threshold 0 i ts"

Subsequent Roll Attitudes Below Threshold S 7 25.

65 66 67 Ver'ical Accel. Above Threshold T n, > l.;r
A/S Between Thresholds 0.65 VII A A/S < 9.80 VH
Initial Roll Attitude Abcve Threshold 0 35 "
Subsequent Roll Attitudes Below Thresold B 2 5"

68 69 70 Vertical Accel. Above Threshold T n > I.Sg
A/S Above Threshold AA 7 0.80 VH
Initial Roll Attitude Above rhreshold a > 1.'
Subsequent Roll Attitudes Below Threhold 0 ' 25"

71 72 71 Vertical Accel. Above Threshold T n I .;g
A/S Below lhreshold A/4 0. 04) VH
Initial Roll Attitude Above Threshold > 35
Subsequent Roll Attitude Above Threshold 0 ; 251

74 75 76 Vertical Acel. Above Threshold 1 r lSg
A/S Above Threshold A/, 0.9) VHInitial Roll Attitude Above lhrebsold a 1s*
Subsequent Roll Attitudes Above 1hreshold 0 25"

77 78 79 Flight Clock Time T . .......... ........
Ingine Torque Press. Below Threshold ET < S pi

s0 81 82 Vertical Accel. Between Thresholds C 1.3 < nz < !.S
A/S Above Threshold A/S ; 0.65 VH
Ingine Torque Press.Crosses Thres-hold S p'i

(4.6 ps)

83 84 05 Vertical Accel. Above Threshold C n > 1.5
A/S Above Threshold AA > 0.65 'V HEngine Torque Press. Crosses Threshold S psi

(4.6 psi)

86 87 88 Vertical Accel. Between Thresholds T 1.3 nz < I.S
A/S Above Threshold A/S ' 0.6, 

V
H

Engine Torque Press. Belo* Threshold S psi
Roll Attitude Above Threshold 0 10.

89 90 91 Vertical Accel. Above Threshold 1n .Sg
A/S Above Threshold AP4 A 0.6S VH
Engine Torque Press. Below Threshold S psi
Roll Attitude Above Threshoild 0 10'

92 93 94 Engine Torque Press. Below Threshold C p4i
Touchdowu Occurs ... ..... .... ......

5 Vertical Accel. Above Threshold C .7g
A/S Above Threshold A/S4 " OSI( VH

96 Maximum nz Magnitude Attained H .......................

97 Maximum A/S 4agnJtude Attained M A/S - f(VL)

98 99 100 Not Recorded Directly N Not Applicable

101 102 103 Not Recorded Directly N Not Applicable
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TABLE A-2. SYSTEM PARAMETERS

Directly Sign Convent-ion for

System Parameters Recorded Computed Positive Number

Indicated Airspeed (A/S) X-.................

Max. Level light (V1I) 
VI = f(f. )

I, nmit Velocity (V1 ) V1  = f(t,11- -)------

Pressure Alt i tude (Ilp) X ...................

Outside Air Temperature (T) X

Rate of Descent (RD) RD f(llPTime) Decreas',ng Altitude

Main Rotor Velocity (MRV) X

Roll Attitude (f) X

Pitch Attitude () X

Vert ical Acceleration () X Sip Accelerates UP

land ng (Gear Touchdown (TD) X

l ng 1ne lorque Pressure (I) N Increasing Torque

Takeoff Gro-; he ',ht (TGW) X

In- H ight Gross Weight (GW) GW f(TGW,Time) -------------------

Each type of flight condition category is depicted in Fig-

ures A-I through A-2,'. In examining these figures, the follow-

ing statements are applicable to all flight condition 
categories:

1. Unless otherwise indicated, the engine torque pressure

in eazh flight condition category must be greater 
than

5 psi.

2. Whenever a roll or a pitch attitude threshold is de-

fined (e.g. a > 100), it represents the ab'olute value

of roll or pitcli attitude (i.e., jai > l0*).
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Represents: Flight Clock Time

FCC Aplicability TD ON/OFF
FCC #1 GW < 7750 lb
FCC #2 7750 lb < GW < 8750 lb
FCC #3 GW > 8756 -

if 8750 - -

V) 1 7750
C

IN

< (ON)

(IN
C-' uR).- (OFF)

'- IM L

if 12

T = FCC #1 Timer
T2 = FCC #2 rimer
T3 = FCC #3 Timer

Description

Monitor the clock time accrued by the helicopter while airborne.

Figure A-1. Flight Condition Categories 1, 2, and 3
(In-Flight Time).
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I

Represents: Rotor Start/Stop 0 rMRV 100 rpm

U
0 300

100

0 -I

C 4 C4

C 4 =CC #4 counter

Description

Monitor the number of times the main rotor velocity passes
through the 100 rpm regime. To ensure against extra C4
counts due to small perturbations of the main rotor velocity,
require that all C4 events must occur at least 10 seconds
apart.

Figure A-2. Flight Condition Category 4 (Rotor Start/Stop).
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Represents:, Quick-Stop Deceleration

< 1.3g
~A1S~ 0.50 Vjj
8 < 100
0>15

FCC Appli1cability ET-> 5 psi
G W <7750 lb

FCC #6 77S0 lb < GW < 8750 lb
FCC #7 GW > 87Sd lb-

0.6 I'l

0.-4

~ 70

20 -

S 1.5

1.3 - -- - -

S 1.1

U 0.

< TIME

T6  T

T =FCC #5 Timer
T6  FCC #6 Timer
T67  FCC #7 Timer

Description

Monitor *he clock time accrued by the helicopter during which all
six parameter threshold definitions are being satisfied simultaneously.
rhe airspeed requirement is based on maximum attainable velocity at
constant altitude (%111), which is a function of density altitude.

Figure A-3. Flight Condition Categories 5, 6, and 7
(Quick-Stop Deceleration).
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Represents: Normal Landing

ET > 5 psi
FCC Applicability TD UN/OFF

FCC #8 G'V < 7750 lb
FCC #9 7750 lb < GW < 8750 lb
FCC #10 GW > 875d lb -

- 8750-----

V) 2 7750
0

-40
o 40

02
o 10

0

z= IN
c FLT.

-t (ON)
,U ,. ON

GRD.
{ ' ' " ( O F F )

I - TIME

C9

C8  = FCC #8 Counter
C9  = FCC #9 Counter
C10 = FCC 410 Counter

Description

The engine torque pressure must be above threshold immediately
prior to (at least 10 seconds), and at the time of, touchdown.
Once a touchdown has been recorded, a rebounding helicopter
should not register additional counts.

Figure A-4. Flight Condition Categories 8,9, and 10
(Normal Landing).
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Represents: Low-Velocity Flight Conditions
(e.g. , Forward Level Flight, Normal Full
Power Climbs, and Low-Speed Turns)

n< l.3g
0.50 VH < A/S < 0.65 Vpj

< 100

FCC AEicability RD < 1650 fpm
F C Nl~ GW < 7750 lb
FCC #12 7750 lb < GW < 8750 lb
FCC #13 GW > 8756 lb-

87S0 -- - -

0.90 Vil
0.80 I'll

LW<0. 70 Vii
0.60 Vi

0.40 V11

4950
3300

S 1650

H -3300
S -49S0

1.5
U<

S 0.9

U4 1 * ~ K T - - . TIME

T 11 = FCC #11 Timer
T1)=FCC #12 Timer

F-- FCC #13 Timer

Description

Monitor the clock time accrued by the helicopter during which all
five parameter threshold definitions are being satisfied simultane-
ously. The airspeed classification is based on maximum attainable
velocity at constant altitude (VH), which is a function of density
altitude.

Figure A-S. Flight Condition Categories 11, 12, and 13
(Low-Velocity Flight).
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Represents, High-Velocity Flight Conditions
(e.g., Forward Level Flight, Part Power Descent,
High-Speed Control Corrections, and High-Speed
Full Power Climbs)

FCC Applicability nz < 1.3g

-For- -For- 0.50 VH < A/S < 0.95 V11
a < 100

5<ET<_44 ET>44 RD < 1650 fpm
CC 14 F-CT GW < 7750 lb
FCC #15 FCC #21 7750 lb < GW < 8750 lb
FCC #16 FCC #22 GW > 875 lb

87SO -

7750

a: so

30

20

n Tis FCC #15 Timer
1,16 . FCC #16 Timer

2 FCC #20 Timer
.--- 21 FCC #21 Timer

0.90 V11  T22  FCC #22 Timer

0.70 V1:Ln 0.60 '1

.5 U \S0 VIi
0.40 V11

4950
3300
16SO

0
-16,50------------- - - -

-3300
-4950

S 1.5u< 1.3---------------------------
E 1.1

' 0.9

"14 T is

Iescription

Monitor the clock time accrued by the helicopter during which all
six parameter threshold definitions are being satisfied simul-
taneously. The airspeed classification is based on maximum at-
tainabl velocity at constant altitude (VII), which is a function of
density altitude.

Figure A-6. Flight Condition Categories 14, 15, 16, 20, 21,
and 22 (Hfigh-Velocity Flight).
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Represents: Maximum-Velocity Flight Conditions
(e.g., Forward Level Flight)

nf < 1.3g
A/s > 0.95 VH
a < To0

FCC Applicability RD < 1650 fpm
FCC #17 GW < 7750 lb
FCC #18 7750 lb < GW < 8750 lb
FCC #19 GW > 875- lb

-r 8750 -

V 7750- - - --
V©"" VII

0.90 .
S0. 80 v

. 070 V11
" 0. 60 V11
< 0.50 V11

0.40 VII

A 4950
V) 3300

r_ 1650
0 -

-1650 --
b, -3300
S -4950

i©

- 1.5< f-.

U 1.3 -

S, 0.9-

K 8 4 TT TIME

T = FCC #17 Timer
T =1 FCC #18 Timer

S19= FCC t19 Timer

Description

Monitor the clock time accrued by the helicopter during which all
five parameter threshold definitions are being satisfied simultan-
eously. The airspeed classification is based on maximum attainable
velocity at constant altitude (VH), which is a function of density
altitude.

Figure A-7. Flight Condition Categories 17, 18, and 19
(Maximum-Velocity Flight).
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Represents: Normal (High-Speed) Turns

FCC Applicability
For - -or- 1.3g < nz < 1.Sg

0.65VUi<A/S<0.8VH A/SZO.8VH a > 1-0
FCC #23 FCC #26. GW. < 7750 lb
FCC #24 FCC W27 7750 lb < GW < 8750 lb
FCC #25 FCC #28 GW > 875-6 lb

- 87S---------

V) 7750
0

0.9 (

w< 0------------- ----- ----- --------- --

< 0. 60 \11

w 3n

-10

U0

1.7
< 1.5

LL~Z 1.1

>0.9 - IM

TT T C 2 ie

T 2 3 = FCC #26 Timer
26 CC#4 ie
T 4= FCC #27 Timer

T 28 = FCC #28 Timer

Figure A-8. Flight Condition Categories 23 through 28
(Normal (High-Speed) Turns).
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Description

The following graphical characterization demonstrates how
the time spent in normal turns should be defined.

T

15-- -- 4 z

n1.-- - --------

11.

0.9o TIME

T81 = time at which roll attitude first exceeds 100 threshold
TB2,5,4 = respective times at which roll attitude crosses

19 threshold
Tnz = time at which vertical acceleration exceeds threshold
ATa = time between roll attitude threshold exceedances

(see figure)
Ti = normal turn occurrence timer for FCC #i, i = 23,28

The time between TBl and Tnz is defined at less than 10 seconds.
Upon confirmation that the roll attitude peaks at a magnitude
greater than 10' and the vertical acceleration also peaks be-
tween 1.3 and 1.S g within the prescribed time, the timer
(Ti) should be initiated at Tel. If ATO is subsequently less
than 10 seconds, Ti should be allowed to continue timing until
the roll attitude again returns below threshold (at T64); other-
wise, terminate Ti and T 2. The airspeed classification is
based on maximum attainable velocity at constant altitude (VH)
which is a function of density altitude. The airspeed cate-
gorization, for a given turn, is defined at TBl. If the gross
weight classification should change during the turn, the entire
Ti should be entered in the category corresponding to the
greater gross weight.

Figure A-8. Concluded
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Represents., Gunnery Run Dives

FCC Applicability nz < 1.3g
-ror- For- -For -For- I < 100
A/S<O.70'L 0.70VLqA/S<O.SVL 0.85VL<A/S5_0.95VL A/S>0.95VL RD > 16S0 fpm

FCC 029 C:C 732 8#3 FCC #T7T389- GW 7 7750 lb
FCC #30 FCC #33 FCC #36 FCC #39 7750 lb < GW < 8750 lb
ICC #31 FCC #34 FCC #37 FCC #40 GW > 8756 lb

E-

7750

*. 20

10
0-.

10
- - --------- - -- - -

0 -20

0, 6 __VL

0.9 0L
_0.8 V

0.,6 Vl,

' ,10o50 .-

'U 3300

- 1050

0 -1650--------

-950

o 1.7
1"I.5

>U 0.() TII
H13 7. H- 1

01I,1 ICC 129 Iner 1.5 
= :CC #35 T1iTer

FI I'CC 030 1 hIer F = I'CC 036 Timer.306
r ICC 0 31 'imex 37 FCC 077 11mer

I I1CC 0 32 1 imec f FC #8Tie
ICC #33 lmer 139 I'CC #39 Timer

I HCC 34T FCC 440 Timer
34 40

Montor tile L Iok time 11-CrUed by the hlicopte dxxxing which all
paIametex thIeshold det'illetlolli are be ing at isf ied simultaineouly.
Ihle ax speed cla i ficait ioln is based on piercentage of l imIt v\eloc1t)
{ h i, hi i i a fun ct ion of density alt itude. Xi ipeed is cate-
go I ed cax the elld of thl dive.

Figure A-9. Flight Condition Categories 24 through 40
(Gunnery Run Dives).
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Represents: Asymmetrical Pullups

FCC Applicability
-For- For or -For- nz > 1,5g
A/S<0.70VI 0.70VL<A/S<0.85VL 0.85VL<A/S<_0.95Vi A/S>0.95VL 16. - < 6 < 350

FCC #44 FCC #47 FCC #50 GW < 7750 lb
FCC #42 FCC #45 FCC #48 FCC #51 7750 lb < GW < 8750 lb
FCC #43 FCC #46 FCC #49 FCC #52 GW > 875 lb

8750

) 7750 -

V

C4

30

o 13

'<4.7 v --20 ----

30

-40

-w 1.1
i- LU 1,

0.9 T IME

T41 FCC #41 Timer T4 7 = FCC #47 Timer
T 42 =FCC #42 Timer T48 =FCC #48 Timer
T43  FCC #43 Timer T4 9 = FCC #49 Timer
4 ' FCC #44 Timer T50 = FCC #50 Timer
4S = FCC #45 Timer T5 1  FCC #51 Timer
46 = FCC #46 Timer T5 2 = FCC #52 Timer

Figure A-10. Flight Condition Categories 41 through 52
(Asymmetrical (Gunnery Run) Pullups).
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Description

The follouing graphical characterization demonstrates how the
time spent in asymmetrical pullups should be defined:

40 

AT

20 -

10 --
30

20 -

-30
-40

1.5
1.3
1.1

0.9 T6  T I IME

1I I. 12;B 
B

Ti = asymmetrical pullup occurrence timer for FCC #i, i = 41,52
Tfi = time at which roll attitude first exceeds 100 threshold
Tnz = time at which n exceeds 1.5 g threshold
AT = time between roil attitude threshold exceedances

The time between Ta1 and Tnz should be defined at less than 10
seconds. The timer (Ti) initiates at T I. If AT6 is less
than 10 seconds, T, should be allowed to continue timing until
the roll attitude once again drops below threshold; otherwise,
terminate Ti at the time the roll attitude first drops back
across the 100 threshold. Recall that the roll attitude _eak
must fall between 10* and 350; if it peaks above 350 it winf
be categorized as a different flight condition. The airspeed
classification is based on percentage of limit velocity (VL),which is a function of density altitude. The airspeed cate-gorization, for a given pullup, is defined at Tel.

Figure A-1O. Concluded
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Represents: Symmetrical (Gunnery Run) Pullups

FCC Applicability nz I 1.3g
-For - For- -For- a 0
A/S<0.70Vi 0.70Vj.<A/S<0.85V, A/S>0.85Vi 0 > 5o

FCC 53 FC #5 FCC#59 GW < 7750 lb
FCC #54 FCC #57 FCC #60 7750 lb < GW < 8750 lb
FCC #55 FCC #58 FCC #61 GW > 875-6 lb

*-8750 -- - - - -- - - - -

Ln1 7750--------- - - - ------ -

w V)~ 0.90V
0.80 v-
0. 70 VL

0.60 Vt

LWn

10

105

Z) ) 20

-10

-20

1.7
0

1.5

U-o 1.1

0.9
oTIME

T53 = FCC #53 Timer T5 8 = FCC #58 Timer
T -4 FCC #54 Timer T5 9 = FCC #59 Timer

T 55 = FCC #55 Timer T 6 0 'FCC #60 Timer
T 56 = FCC #56 Tinier T 61 = FCC #61 Timer

T7= FCC #57 Tim~er

Figure A-li. Flight Condition Categories 53 through 61
(Symmetrical (Gunnery Run) Pullups).
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Description

The following graphical characterization demonstrates how the
time spent in symmetrical pullups should be defined.

T 02 TO0

5 O 0 o ATr0--" "To

-T - --10
-10
-1IS

1.7

1.5

0.9
T~ 1.341

Z T

To, = time at which pitch attitude first exceeds -5°

T02 ,3,4 = second, thirdand fourth times the pitch attitude
exceeds the -50 threshold

Tnz = time at which nz exceeds 1.3g threshold
ATO = time between pitch attitude -50 threshold exceedances

A gunnery run symmetrical pullup is confirmed when, and only
when, Tnz is sensed within 10 seconds after To1 is sensed, The
timr Ti initiates at T01 and terminates at TO?. The exception

is when the pitch attitude briefly crosses inside the -50 threshold
and then immediately returns outside threshold (OT0 < 5 seconds).
In this case the threshold crosqing defined by AT0 is ignored and
Ti continues to time the maneuver until a normal termination is
sensed. The airspeed classification is based on percentage of
limit velocity (VL),which is a function of density altitude. Air-
speed is categorized at the time the vertical acceleration exceeds
1.3g.

Figure A-11. Concluded

160

.............. .. ....



Represents: Gunnery Turns

FCC Applicability nz > l.Sg
---- r--- - For For-- $initial > 350
A/S <0.65V 0.65VH<A/S 0.80VH A/S>0.80VH subsequent < 25

FCC #62 FCC #65 FCC #68 GW < 7750 lb
FCC #63 FCC #66 FCC #69 7/50 lb < GW < 8750 Ib
FCC #64 FCC #67 FCC #70 GW > 8750 lb -

8750 ----------- --

1/ 7750-

~0.90 V1,
. 8_0 v - -

-o. 70 V1,
F 0.60 VX,

40
30

e
" 20

10

-10

.- -20
-30

-40

2 1.7
" 1.5

0- 4 1 1
U 09 -TIME

> U

= FT <FCC #65 Timer T = FCC #68 Timer

T62 FCC #62 Timer T65  FCC #66 Timer T68 = FCC #69 Timer
= FCC #64 Timer T66 -FCC #6 Timer T69 = FCC #70 Timer

64 FCC #64 Timer T67 = FCC #67 Timer T70 = FCC #70 Timer

Figure A-12. Flight Condition Categories 62 through 70
(Gunnery Turns).
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Description

The following graphical characterization demonstrates how
the time spent in gunnery turns should be defined:

T TaI
34

40 .
30 __

' 0-10

,, -20

-30
-40

1.7

1 I. Is
11 1.3

1.1
0.9 L IME

,r4 -- T1  KT -

T03 ,4 second and third times the roll attitude crosses the

100 threshold level
Ti = gunnery turn occurrence timer for FCC #i, i = 22,24
Ta1 = time at which roll attitude first exceeds 100 threshold
T32 = time at which roll attitude first exceeds 350 threshold
Tnz = time at which nz exceeds 1.Sg threshold
AT6 = time between roll attitude 100 threshold exceedances

The time between Ta2 and Tnz should be definedat less than 10
seconds. Upon confirmation that the roll attitude crosses the
350 threshold (the time between T$I and Ta2 should also be
less than 10 seconds), the timer (Ti) initiates at Tal. If
ATa is less than 10 seconds, Ti should be allowed to continue
timing until the roll attitude, once again, drops below the
100 threshold (at T0 4), if and only if, the second roll atti-
tude peak does not exceed 25'. Otherwise, terminate Ti at
TB3. (The "subsequent peak" requirement is designed to dif-
ferentiate gunnery turns from gunnery S-turns.) The airspeed
classification is based on maximum attainable velocity at
constant attitude (VH), which is a function of density attitude.
The airspeed categorization, for a given turn, is defined at
TI.

Figure A-12. Concluded
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Represents: Gunnery S-Turn

FCC Applicability I > l.SgJ
For-- -For--- Binitial>~ 350

FCC #72 FCC #75 770lb < GW < 8750 lb

FC73FCC #76 GW > 8755 lb

8750----- -- --- -- -- ------ - -

? 7750

0. 90V if

S0..80V~

4 0.69V

40

3(210

0

-20

-30
-40

1.7
1.

.- 0.9 TM

T73  7- T 2

T 71  FCC #71 Timer T 74  FCC #74 Timer

T 2 FCC #72 Timer T 75 = FCC #75 Timer
73=FCC #73 Timer T76 = FCC #76 Timer

Figure A-13. Flight Condition Categories 71 through 76
(Gunnery S-Turns).
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Description

The following graphical characterization demonstrates how
the time spent in gunnery S-turns should be defined:

T T TTB 4

-
A~T

40 _
10-

3 0 __
-20

-30.7_10-

E 1.7
nz 1.3

1.1

T .3,4 =second and third times the roll attitude crosses the
100 threshold level

Ti = gunnery turn occurrence timer for FCC #i, i = 22,24
Tel = time at which roll attitude first exceeds 100 threshold
Te2 - time at which roll attitude first exceeds 35 threshold
Tnz = time at which n, exceeds 1.5g threshold
ATa= time between roll attitude 10° threshold exceedances

The time between T82 and Tnz should be defined at less than 10 seconds.
Upon confirmation that the roll attitude crosses the 350 threshold
(the time between TeI and TB2 should also be less than 10 seconds),
the timer (Ti) initiates at Tel. If AT$ is less than 10 seconds,
Ti should be allowed to continue timing until the roll attitude,
once again, drops below the 10' threshold (at T64), if and only if,
the second (and any subsequent) roll attitude peaks exceed 250.
By definition, the gunnery S-turn is characterized by at least two
eALessive roll attitude peaos occurring in rapid succession. There-
fore, the foregoing criterii concerning "subsequent peaks" was
designed to differentiate the gunnery S-turn from normal gunnery
turns. The airspeed classification is based on maximum attainable
velocity at constant attitude (VH),which is a function of density
attitude. The airspeed categorization, for a given turn, is de-
fined at Tel.

Figure A-13. Concluded
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Represents: Clock Time in Autorotation

CC Applicabilityl ET < 5 psi
M 077 GW < 7750 lb
FCC #78 7750 lb < GI < 8750 lb
FCC #79 GW > 87516 lb

8750

7750

L- ----T 1 77-2
T7T

77  
8 1'#77 Timer

T78 - FCC N78 TimerT 9= FCC #79 TimerT79

Description

Monitor the total flight spent in the autorotation mode ofoperation. Small perturbations in engine torque pressure

(such as the torque pressure jumping above the 5 psi threshold
for very short periods of time) of less than 2-second duration
are ignored.

Figure A-14. Flight Condition Categories 77, 78, and 79
(Time in Autorotation).
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ii
Represents: Autorotation to Power Transition

FCC Applicability

-oForr- A/s > 0.65 V111. Cn8l.5 n>1.5 ET cros (+)
F1 C #U80 1 FCC #83 -GW < 7750 lb

FC 83 6W <775 0 lbFCC #81 FCC #84 7750 lb < GW < 8750 lbFCC #82 FCC #85 6W > 8750 lb-

8750

7750

0,_ ,7 V,,
, .,50 ..

'II

0----------

010

40

83

TA= FCC #80 Counter T83 = FCC #83 CounterT8  = FCC #81 Counter T84 = FCC #84 Counter
T82 = FCC' #82 Counter T 85 = FCC #85 Counter

Description

Whenever the engine torque pressure crosses the S psi thresholdin a positive direction and is followed (AT less than 5 seconds)by a vertical acceleration satisfying the threshold definition,the event should be recorded. The airspeed classification isbased on a maximum attainable velocity at constant altitude (VII),which is a function of density altitude. The airspeed categoriza.tion is defined at the time the vertical acceleration exceeds
threshold.

Figure A-15. Flight Condition Categorieq 80 through 85
(Autorotat ion-to-Power Transition).
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Represents. High-Speed Autorotation Turns

FCC Applicability A/S > 0.65 VH
-= Fr E~= Ti< S psi

- 7CCT96__FCC i89- GW <7750 lb
FCC #87 FCC #90 7750 lb < GW < 8750 lb

FCC #88 FCC #91 GW > 8756 lb

8750---------

0-
7750--------------------------

0. 50 1H - - - - - - - - --

~ 10
20

1.3

S 1.7

t,-U 0.9

40

10

LT88219 ~
T 6= FCC #86 Timpr

T8  . FCC #87 Timer
*FCC N88 Timer

T8 M FCC #89 Tim--r
T8 9 .FCC #90 Timer
T91 FCC #91 Timer

Des c ri ption

Monitor the clock time accrued by the helicopter in autorotation
while its roll attitude is greater than 100 only if it is ac-
companied by a vertical acceleration peak (within S seconds) in
the prescribed threshold levels. The duralion of the maneuver
is defined the same as the Normal High-Speed Turn (FCC #23 through
28). The airspeed classification is based on maximum attainable
velocity (VII), which is a function of density altitude. The airspeed

categorization for a given turn is defined at the time the roll
attitude exceeds 100.

Figure A-16. Flight Condition Categories 86 through 91
(High-Speed Autorotation Turns).
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Represents: Autorotation Landing

ET < 5 psi
FCC Applicability TD ON/OFF

FCC #92 GW < 7750 lb
FCC #93 7750 lb < GW < 8750 lb
FCC #94 GW > 8750 lb

S 8750

7750 -

0

W 40
. 30
-.i 20

10.
0 --

ON
o;,GRD.L

E - -- e p T I M I E

C9 2

C = FCC #92 Counter
C92 = FCC #93 Counter
C934  FCC #94 Counter

Description

The engine torque pressure must be below threshold
immediately prior to (at least 10 seconds), and at
the time of, touchdown. Once a touchdown has been
recorded a rebounding helicopter should not register
additional counts.

Figure A-17. Flight Condition Categories 92, 93, and 94
(Autorotation Landing).
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11 >1.7 g
Represents: Misc. High-G Maneuvers ~5 0Vii

Luj' '0. 75 VH

-P 0.2 5 1

1.97

1.3-
WJ

< 0.91t----TM

C 9S C95

cgs FCC #9S counter

Decipton

It is simply intended to count the number of times the heli-
copter experiences vertical accelerations in excess of 1.7 g
while flying at significant airspeeds. This implies that the
touchdown indicator must be registering in-flight operation.

Figure A-18. Flight Condition Category 95
(Miscellaneous High-G Maneulvers).
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A

Represents: Maximum Vertical Acceleration

2.5

0

___,_ - - TIM.

- RI.CORDING PLRIOI)

M96 maximum nz magnitude recorded during prescribed period

I,6) ,2 = intermediate maxima whose nz values were subsequently
& surpassed during the recording period

Descript ion

Record the magnitude of the largest vertical acceleration
experienced during the recording period. The (nz)max may
occur in any flight condition category (which implies that
the in-flight indicator must be registering in-flight

4 operation).

Figure A-19. Flight Condition Category 96
(Maximum Vertical Acceleration).
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Represents: Maxinum Airspeed
Attained During All
Flight Conditions

1.5 V'L

VL

(97)l~

0.5 L

TINIE

- RECORDING PERIOD2

M 97 maximum airspeed magnitude recorded during pre-
scribed period

(Mq7  intermediate maxima whose airspeed values were sub-
F., 97 sequently surpassed during the recording period

Descr ipt ion

Record the magnitude of the h ighest a irspeed experienced
during the recording period expressed in terms of percent
of V1,. vhc (A/S)ma may occur in an), fl ight condit ion
category. (Recall that the value of VI, is a function of
density altitude.)

Figure A-20. Flight Condition Category 97
(Maximum/-Airspeed (V))

171



.. ,"- - -

APPENDIX B

SIRS RECORDER SOFTWARE

PAGE 001 --IpsR

NIAM 3:1 PP
OPT N1OG

~iA~ri .... TPUi:TUPRL INTEGAITY RECOPD1I4G SYSTEM
r~nrA~ .... PECOPDEP PROGQPM

iihWo. ~arifi' III) E(10 S2000~i AF Li INPUT r'EG3TEP
alg~J 1) 1*11 ,i-'P Ecl'U $2001 FI-D CONTROL PEGTZTEF'
202A1 M'.l: EPLU $202' ~' OUITPUIT REGISTER'

f 2 10'."' ii1H I EC'FU It11)0 0 'RCIR CONTROL ',ST8TU3 PEGIf.TER
6001 qrI Ri:?P E'Ol. $1001 FiCIR TPAiI$MIT/PECEIVE PE(GUITE

tAO 14 O l)F tiL'10 EU $ OF PB - PBO ARE Dl ITP.T1
( I cl A A5 Of4 iTIC 1.1 ECiU %IjO o 011 010 -PCONTROL W.OpRD

1.1;fAIt 1 -,C AIEKTPT ECU AI1ii ' A/D --TRT ''aCpt
o l '' 7 (''14 M.'>C 1.1 ECW~ 0r t'AA0010 MIJX 'ONTPOL llOPt

''I':'1? ~ t~E: F,:C I Fi':lW E')L' .10 O:110 1 1 ' RIRs CONTROL W~ORDI
A A14 311 G:' IT I ME EQUL i0 31 0 TIME TO t'ECREAs'E 'Pl~j~T

LLi02,? O':'' 'T 05 EO'L 1 3 A4 -256 = 01. fl,
I 0 12I 01 PTIO ECuj 26 L.6- 250. = 0. 10:

':'(i4 026 PT15 E''IJ 318 3-t - 256 = 0. 15
OA'15 0 )F3 PTqE5 E':'L 243 243 256

fl :'016 DEGS EOLI 22 PITCH a 5 DEG THQE HOLD
111,12-, 'j021" DEGI 0 EC'U 44 POLL = 10 DEG THPEIHOLtl
(Q2 0040) DEG15 E'?L t-4 PITCH =15 DEG THPESHOLD

'*~t' 006E DiEG25 E'OU 110 POLL = 25 DEC, THPESHOLI'
"0 3 DEG '4 E':U 147 POLL = 35 DEG THFEIHDhI'

11-1I 00A~ P315 E 0 1 10) LOW' TORQUE THPF-.HOLP
':'olir P3144 EQII 22 0 HII3N TOPOL'E !NPESHOLP
CI014 GkIGNE' EQU 20 GRPOUND THPE. HOLD

':0)034 rlofC8 PPM200 EQU 200 RPM = ?00 THPE--HOLD
0 A35 0064 RPM100 EcJU 100 PPM = 100 THPE'SHOLD

.j1003A6 OIF7 GpnIOT EQL' SO1F7 WF~lEIGHT LOCRsTIOt
00,037 O1F8 NZPW EOU SO1FA NZ PEAiK LOCRd ION
"0lol,; 1) 1F9~ VLPW E'XI tO1F9 '/L PEFs* LOCAsTION
9' 0: 0? A fIA NZIr1T E')L SO1FAi i4Z COPRECTION INTERC:EPT
600A40 AIFB NZSLP EOU SOIF? t'C CORRECTION -LE1PE

1"01 O1FC FLTINT EOU lO0W': AsLTITUD'E COPPECT'riN ItTERCEOT
0002 OFt' FLT:LP EOCU SIFD ALTITUDPE CORRECTION '.LOPE
(104 1FE A SIN T EQU SDIFE AIRSPEED CDPRKCTIO14 INTERCEPT

fi''044 01FF WASLP EOL' 101FF A1~zEPEEU COPPECTIO -LOPE
O'A4 0FF ITAsClk EQU S00FF 13TRT 3TRC HERE
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PR'E 002 SIPSR

00047
00048 .. PARAMETER CODES n
(00049
00050 * THE FOLLOWING CODES ARE SETUP BY THE DATA4
orAosi * ACQUISITION PORTION OF THE SIRSP PROGRA. THEY

ons * APE USED BY THE EVENT RECOGNITION ROUTINES
0003 IN THE DEFINITION OF SIGNIFICAN4T FLIGHT

00054 * CONDITIONS.
1)b0055 * PARMETER CODE INTERPRETATION
00056* CYL -1 A'S4=.?VL
('01)57 *V <0 /?LAS <s.8SYL

0005 1 *85VL<AS'4. 99L
00059 *2 .9S5VL<A'S

:10061 * CVH -2 A/S -. 5VH
1:01)62 *-1 *5VH<sR-'S<.65VH

A E,63 *0 .65VH= aA 'S <. aV H
01064 41 .V~A2.Y

01*i 2 .9vHe=P/3<95VH
:1.06 43 .95VH =R/C

0'*684 CROL -1 ROLLC1) tDEG
(r006 0 10c'=RO 0L L<235 DEG
0 07 0 *1 25'=POLL<35 DEG

130?01 *2S 35<=ROLL

0 7c Q 0 3 TORQUE<=9 PSI
':0(I * 1 T0PQUE4=44 P131

509 44eTOPOUE

'.1)07 CPD -1 5 NOT VALID
l 072 * 0 PD<16-'50 FPM

0007 4I RD>=1650 FPM

"031* CPPN -1 RPMflOO
00082 0 10 0C'=P<=20 0
1) 0~08 3 41 & PPMI 00

01,085 * CT 0 3 FLIGHT
) 1 GROUND

* CN- -1 MZ-1. 3 G
*0 1.3<MZ<=1.5 G

0009 *I 1.5MZ2,=1.? G
009142 S. rilz>.? G

0003 CG.I0 s 0-1d'77l50 LB
00094 1 7750<=Gz8? 50 LF
Oorr95 4 2 GIA' 8?50 LB
0009A
61119? CPIT -1 O<PITCH<=5 PEG
01,099 * 0 5'PITCH<=15 PEG

41 s PITCH'>15 PEG
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00101 r)(A00 ORG so

00103 • PRRMETER VALUE CODES
Ann04 OOAO O0001 CYL PMP 1 0
00105 OOOI h00t CYH RMp I I
Ao') 1l10 002 0001 C"ROL RMB 1 2
( AI07 0003 0001 Co RMB 1 3

00 109 0OA4 0001 CR'D PMp t 4

( o o %4'J 0o'r 5 n001 c."PM PMB I 15
I' 1,t) 0 00op 0001 CT PMB 1 6Qv I I1 OV1o7 0001 cKM PMB I 7

(10I12 000:8 0001 CGIO RMP I a3
,CIA1I 1 -4 " " "" 0001 CPIT RMB 1 9
00 114 # MTSC FLF46.PN F''m ITCHE.S
fit)115 A00Ho 0001 TFLAG RiMB 1 I0
.'1116 "OOOB 0601 ARM2 R'M I 1
00117 o)n1oc on01 OTIM PMB 1 I2
(1611 r- IOllil| 1)00 cll A IAI MB 1 1 3
nL 1.1'. 14 00F 0001 T77 'MP 1 14
0rn12A000;F 1,'(02 T238 PMB 2 15

, nl 1 A I ,'1 MODE Q'MB I 17
00122 L|1.12 OL)fl0 1 TQHI R'MB 1 18
00123. (1713 0001 TO;LD P MB I 19?
1)(l1124 (1014 0001~ M OPrIP 1 20
00'I125 ('015 0001 N-E PMB 1 21 1

13

AnA126 o in I p o 001 H 'HI P'MB 1 22 B
_mil :7 0 017 0001 NKZO IPMB 1 23
0"128 no(s 0001 HIAOL GMB 0 24

';I 1.?':  0119 (loot -VH PrIB 1 25
o1 001 R ORG1 VL RMP I 2S6
Ofl1I 0 f0"I(I A , MB 1 27

0013 (1 1PRE 002 T86 AM L EO 2C
( 0 13 3 loIE 0001 CY1MD PMp I 30
.0134 0110F 0001 CYF PM 1 31
1A1-31i 0020 (001 PJFLRG MB 1 31?
(1t 36 0001 0001 T80 PMB 1 33
00137 OO22 0001 DZF PMB 1 34
.10138 0023 oA 01 PM31 Pm 1 35
0' 139 0024 0001 LOPS MB 1 3
:11140 0025 0001 CHV PHm 2 37

CIAI41 0027 0002 rN[ P MB 2 3:9
00142 0029 0002 "GDW RMD 2 41
0A143 002B 0001 C.U MB 1 43
001144 MXF A '003 B PMb 3 44
00145 O02F 0001 PIFCTM MB 1 47
00146 0030 0001 HOPING PMP 1 48
00147 003O 0001 PUIO Rmp 1 49
A048 00A 3s 0001 AS3 RMB 1 513
00149 0033 01 TSV53 PDM I 51
001101O 00 0s02 T23 PHmB 2 52
00122 031001 YGPUFI PMB 1 54
1015,2 0037 0004 MB 4 ,5,-5@-3Pi E1
iul153 003 0001 HIPTIM MB 1 59
00154 013:C 0003 'CONE PM 3 I
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0155 003F 0001 Ot4EYH RP 1 63
00156 0040 0001 DEMOM RMP 64
0015-, 0041 0001 ZERDI RMP 1 65
00159 0042 0001 Rti3 RM 1 66
0 015': 0043 0001 N4UM PM 67
(0161) 0044 0001 SHFTCT PMB 1 68
00161 0045 0002 38YDR Rmp a 69
00162 0047 0002 SRVCNV RMP 2 71
00161 0049 0001 RTUFLG PM 1 73
00164 004A 0010 CH*/TRB RME 16 74

00165 OO5R 0001 KHOTS RMP 1 90
00166 005B 0001 PLTFT RMP 1 91
00167 005C 0001 GI3TH QMB 1 92
00168 005D 0001 GIOTL P.MP 1 93
0fl169 005E 0001 Gk-ICNT PMP 1 94
'Th17n0 005SF 0001 '3IO I T RMD 1 95
.0 1 '1 006i.,0 (001 '3IWH PMB I

0 7 010001 GhlL P 1 97
00173 0062 0044 DVTRPL PMP 68 98
010174 0OR6 0(101 RVGDVH RMP 1 166
00175 00A7 0001 AVGDYL PMP 1 167
0:0176 OORS 0001 RVGDYC PMP 1 168
00177 00 IF ONEYL EQU ONEYH
.10179 00 45 E'RVSTK EQUJ -RYRDP

(018110 0100olo CHTPS PMP 256
00182 0200 0100 RCMTP RMP 256
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0A184 3000 ORG 3000

oit :36 3000 nF RDPTAF FEB 15 ( O>pPM
'1l:7 3001 01 FCB 1 e I-POLL ATTITUDE
00188 3on2 02 F'C8 2 ' 2)POLL REFEREHCE00189' 3003 08 FrB 8 (3NPITCH

0019A 3004 r79 F"B 9 c 4'TOPQUE
00191 3005 OB FCB 11 5)TOROUE REFERENCE
00192 3006 03 FCB 3 6) VERTICAL RCCEL. (14Z)
001% 3007 04 FCB 4 ( 7)ALTITUDE
00194 3008 07 FCB 7 ( 8',RIPSPEED
00195 3009 OR FcB 10 9,OUTSIDE AIR TEMP. (OAT)
00196 3A 00 FCB 0 (1OSROSS IEIGHT
v: 197 3008 05 F:B 5 '11.)BRTTERY VOLTAGE
""f1?'m:'o:0 "E- 14 ,12'RECOPDEP S-i LO
:0139 O[r' 0'c FEB 12 ,13.,PECORDER S'/M HIGH
1'020 3oOE 06 FC.B 6 '14)SPARE 1
00201 30OF OD 0 ET B 13 150PRE 2

00203 3010 R E 0OFF PESTR' LD. ,,STRr.V SET UP STACK
002 04 3013 ' OF LDU A -.MI.XTO PBO - PB3 OUTPUTS
002iA5 3015 B7 2002 7TA A MUX FOR MLIX ADDRESS
00020b. 3013 36 34 LI' A ,ADC:1 CR2 1; OUTPUT
.0:07 OlA P7 2001 ?TR A RDCP
01OS03 3 1D ' , A4 LIA A I ':MIX," I
U,-'A9 301F B7 2003 ETA A MUI.IXCR
0:'o'10 3022 86 89 LRF A :ACIC.I,

0)211 3A24 B7 1000 MTqA ACIR'S
00 12 327 CE 02FF LDX ,"iO2FF

00214 30 A 4F CLP A
o')215 ?I(2B A7 00 CLRMCRP STA A O,X C'LEAR
00'16 3 12D 09 DEX * &CRRTCHPAD MEMORY *
0t0,1 02E 26 FB BrIE CLPMOR ** .nn,

0021 3030 AE CLI ENABLE INTERRUPT

00221 3031 CE 0203 CLFLG LDX a$0203
"C('22 3034 DF 00 STX CYL CYL+I = CYH
0.0223 3036 CE 0200 LDX 1,10200
00224 3039 DF r2 TX CROL CPOL+I CO
00225 303B CE 0001 LDX #1$0001
110226 -:"13E DF 04 3TX CRD CD+1 = CPPM
00227 304" 1A 0004 DEC CRD
0n228 304? DF 08 3TX GIhl C'3IA 1 = CPIT
00a29 3045 08 IN.x
00230 3046 DF 06 5TX CT CT+I = CHZ

O023P 3048 8D 02 BTh ADOMYT
00233 304R 20 43 BRA COR Z
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00236 #MAKE A/D CONVERSIONS *
01)237 oiSTORE RESULTS IN 0

f0238 .OMVERSIODM TABLE *
00239
(10240 SUBOPUTIN'E
@0 241
01,243 304C 4F FDCNV'/T CLR A
u1244 304D 86 OB LDA A 1 1 OET a OF COMVERSION!*

0,245 304F D6 49 LDA B RTUFLG *11 DURING PECORDING *
10n246 3051 26 02 BNIE vP1' .16 UINGlI'3 RETIIEVAL
tih247 305*3 96 10 LDA A :16

"00'24? 3055 CE 3000 SKI P LDX ;A'iPTAB MUX ADDRESS T~qLE
- t'A F:9 1W 45 , T:,: -.RVADR

(0251 3 0 5 A CE 004A LDX B:CNVTAB TRPLE FO RESULTS
00252 305D [iF 47 3TXV ;-Avi:.N'V

, 3 EPEAT LDX :ADR GET MUX ADDRE.S
i00'25.4 31"61 E6 1".0 LDIR Bi i'.l,

1"11"155 ?1.13 1:7 2002 .'TR P1 MU.X !'END MI.X ADDRI!ESS

:',s5 5:6 F CLR B"111 , ., l7l, I'1' .9 DELAY DE',< #**** ll il l

11"125? 3068 08 I NX *DELRY FOP MUX.
' . 316 9A [IE'. P *TO 'ETTLE *
O', 30:16A 2 FP PrNE DELAY $
I'.'1 3 0 6C ;6 2000 LDA B AD CLEAR A/ID DONE

lu!6 '',F _'o 3C LDR B ::ADSTIT *$,.$ ..T... .. ,
.1:1263 30'(71 F7 2001 .TA B ADCR * TART CON4VEPSION *
i:l2A4 31:1,4 C6 .4 IDA P ::ADkI.w *READY FOP NEXT TIME"
*'?65 3076h F7 2001 TA B ADCP
4'0'.15t 3079 7C 0045 INCl SAVADR PIEPARE FOR NEXT AIiESS
01267 307: DE 47 LDX 3AVCNV
00268 ,07E F6 2001 ENDCVT LDA B ADCP

'2,6? 3081 2A FB BPL ENDCYT WAli FOR END OF CONVERSION
,; z". 0 73083 F6 2000 LDA B AD GET CONVEPSION
00,271 3096' E7 00:' 'TA B 0,X STOPE IN CONVERSION TABLE
6.0272 3088 7C 0047 INC AVCHV PREPfRE FOR NEXT CONVERSION
:.1273 30:3B 4A DEC A CHECK FOP LAST CONVERSION
i0m2?4 308C. 26 D1 BNE PEPEAT

021 75 308E 39 PT.
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00 277 e

01121"1? CORRECT "Z
002'

A0281 308F B6 OIFA CORN4Z LDR R MZINIT INTERCEPT CORRECTION
. -A9.2 D6 50 LDA P CHVTAB+6 NZ COIVERSIOM

00283 3094 97 43 3TA A NUM STORE IMTERCEPT FOR XCER
002'$4 309. B6 OIFI LDA R MZSLP SLOPE CORRECTION
QedS5 3094 9D 48 B R XCER PUTS CORRECTED NZ INl ACC A
00286 309P 97 50 *.TA R CIMVTRB+6 RETURN CORRECTED MZ

II 0.28,3$$$$$.,$.

* " ET CtIZ FLAG

00293 -Q9D CE 30A LDX :tl4ZTRPL
00294 30qr0 Rl 00 LOOP CMP A 0,X (<Z 1.7o 1.5t 1.39 OR 0'
002'45 3B:R2 24 0IA BCC NZPEA* BR IF NZ " TABLE VALUE
00296 30A4 TA 0007 DEC CriZ
00297 30A7 08 INX
02q8 3oA8 20 F6 BRA LOOP

oo?nO 3OAR 5A NZTABL FCB 90.64,3,0 1.7.l.5I,1.3 G THRESHOLD',

o0030.2 ******,ee,$,* ,eee*,** $,
00303 CHECK IZ P&tW FCC *

00306 3OE F6 01F9 NZPEF* LDA F NZIPK GET PEAK MZ VALUE LDX' :HZP
01301 3oBt 11 CBA (PRESENT MZ - FCC PEPKi
00'308 30B2 25 03 BCS ASCOR DR IF PERK "- PREtEIIT VALUE
0n309 3094 B7 01F8 STA A MZPK STORE IF LAGER

178



PqG3E 00l9 SIRSR

0031 *CORRECT DIFFEREP$TIRL PPESSU#E0

00315i 30B7 P6. 01FE PSCOR LDA A ASINT INTERCEPT CORRECTION
110316 MRP DE. 52 LDA P CNVTAB+9 DIFFEKH~TIAL PRESSURE
iu317 3OBC 97 43 $7TA A HUM STORE INTERCEPT FOR XCEP
Pf,'l:3 30BEP6 01IFF LDlA A ASSLP SLOPE CORRECTION
(6319 3011 AD 20 t13R XCEP PUTS CORRECTED PDIFF IN AlI:
00:320 30C3 97 52 :TA A CN\'TRB.8 RETURN CORRECTED PDIFF

* CONVERT TO KNOTS~
003 4 -3TOPE RESULTS AT "RNOTSO

00?273~ 3OC5 CE 33B3 L1l>' ORSTREL

llri329 3o.18 ADt 2F B R LINEAR
1.0'330 3OCA, D7 5A 3TA P KNOTS

clf1332 "000

003 '3 CORRECT ABSOLUTE PRESSURE,*

0~033 0CC B6 OIFC LDlA A ALTINT INTERCEPT CORRECTION
0 A -!37 ?01:F D6E 51 1.DR B CNVTAB.? ABSOLUTE PPE31URE
(10?39 301 Ot-' ? 43 :TA P HUM STOPE INTEPCEPT FOR XCER
10fl33*; 30D-13 B0. 0 1FD LDA A ALTSLP 3LOPE CORRECTION
001340 1 ODAlr8_ D 0iB VIP :CEP PUT,- COPPECTED PA4R IN 141:. A
')10341 3011? 97 51 -ITA A CNYTAB.? RETU'RN CORRECTED ORP

0(1343 000 00"

00:344 *COI4VEPT TO FEET
00345 *12 COLINT3 1000 FT.

A01349 30D1A CE 3399 LD- *ALTPPL

0011350 ? ODD SD IA BIR LINEAR
Ai10351 3ODF D'? 5B 7UA B ALTFT
(0352 3OE1 20 29 FIRA DRLTI
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PqGE 009 3IRSI

0 0354
00355 *TRANSDUCER CORpECTION SUBROUTINE
110356 *SLOPE & INTERCEPT ARE IN ACCIS
0035' *INTERCEPT IS AT "MUM"
00358 *RESULT RETURNED IN ACC: A
0035Q

lIA361 30E3 8D 59 'XCER BSR MPY7
nA362 30E5 4D TST A TE3T FOR OVEPFLOhW
0036 3 3nE6 26 OE BNE FILL014E PP IF OVERFLOW
00364 30E8 96 43 LDA A MUM GET INTERCEPT
00365 30ER 4P TST A + OR - INTERCEPT?
00366 ?.OEB 2A 06 BPL PLUSA DR IF INTERCEPT POSITIVE
0A367 30ED IB ABA -INTERCEPT
00368 30EE 25 08 DCS END DR IF RESULT I- NOT
00369 30FO 4F ZERO CLR A RESULT < ZERO
06370 3OFI 20 05 BRA END
00371 30F3 IB PLU:A ABA + INTER (EPT
00372 30F4 24 02 BCC END BR IF PESULT T7 256
00373 30F6 86 FF RLLONE Lr'A A ':$F PEULT ' 255
i00374 3098 39 END RTS

0 (i377
' 0378 *LINEARIZE SUBROUTINE *

el "379 *INX PRESET AT TABLE
f03.0 #INPUT IN AC': A
0'1 *RESULT RETU tHED IN KCC B*

u('394 30Fc Al O LINEAR CMP A O,.w
A5 3 0FB 24 05 DCC DELTA

03i 3AFD 09 INV

0'3:37 30FE 08 INX
0i * 8 30FF 08 INX
0'M3;9 3100 20 F7 BRA LINEAR
003' 0 3102 AO 00 DELTA 3UP A 09X
00391 3104 E6 02 LDA B 2PX SLOPE
00392 3106 8D 3D BSR MPY5
00393 3108 EB 01 ADD B I,X
00394 310A 39 RTS
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(0397 #DENSITY ALTITUDE RTN *
0039: *LTFT IS IN RCC B
003,:K4 *RESULT STORED ON STACK .
0I04 00 ee.

1'0402 310B 86 54 DALTI LDR A :84
O 4:33101' 3 D 2 MRP NPYS

00r,404 310F 86 6E NXTl LDA A -I 10
1)"405 3111 1B ABA
0:,406 3112 D6 53 LDR B Cr4TR3+9 GET TEMPERATURE
0 4 07 3114 10 3BA

A14"): 3115 240P BCC PLSCOR
ih'i4i':4 :*I17 40 NEG A
0 v 14 10 3118 1'6 BF LDA B :i91
0'J411 I1A 8.' IB BSP MPY8
(:"4 12 "119 6 5B HXT2 LDA R ALTFT
',413 ., " I E 11A

101,1414 1IF 5 A E BCS rEGRLT
'0415 3121 10 "BA
0'4 1 " 122 20 10 BRA '3
1,41417 3124 C:6 FE PL.COR LDA B :174
11(4 1 312;6 R 81'OF BSP MPYS
fr4 ,? 3128 96 5B N.XT3 LDA A ALTFT
,042?0 -I 2P IB ABA
00421 .12B 25 05 PLs HIRLT BP IF DALT 255
042, 312D 20 05 BRA GO

0,)423 312F 4F NEGRLT CLP A
f,14,-4 3130 20 02 BRA GO0
01)4:-5 3132 8-6 FF HIRLT LD A $FF
1)"14 . 31 3t4 G '30 PSH A
(1141427 3135 2A 41 BRA %IL
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U042

"0430 * MULTIPLY SUBROUTINE ACC A X ACC b
,0'431 *MOST SIG. HALF OF RESULT RETURNED IN RC A.
1-104 32 LERST S16. HALF RETURNED IN ArC B #
01)433*.:tess:s#ln*.nn....

1i043s, 3137 3 MPY8 PSH A *

m04 6 3133 86 08 LDA A 8 * ZERO1 NOT 0 #
0043 ' 3R 9?7 41 .TR A ZERO1 *ROUIOFF RESULT.
.043 3 ?31 X 210 O.11, BP MPY •

00",4.:39 313E 36 MPY7 P&H A .STORE NUMBER OF*
'10440 ?30F 86 07 LDR A A 7 • FINAL :HIFTS .
:'0441 3141 97 41 STA A "ER01 .
0'0442 3143 2' 06 BpA MPY *

100443 3145 36 MPY5 PSH A * ZEP01 = 0 •
10444 3146 86 05 LDA A #5 *DO NOT POUNDOFF$
(10445 3148 7F 0041 CLP ZEPO # # f
01ii'1446 '14B 97 44 MPY STA A SHFTCT
'1,447 314D A6 08 LDR A :*8
0144 4 314: 36 PSH A
'J)44 ' 3150 DF 29 STX SIDX
""450 3152 30 T --.
,mi451 3153 4F I- LP Ht

0,64 '% 3154 5, POp B
m'453 3155 ,4 02 M3 iCC M4
u 1) 4 54 3157 A? F"I I ADr 1 X
ml ,4, 315'4 46 M4 POP A
,1456 ?15A 56 POP B

"0:457 315B 6A 00 DEC 04
v 345315D 26 F6 PNE M3
,45' 315F 31 INS

fi046u 3160 1 INS
00461 3161 7D 0044 TST :HFTCT ANY FINAL SHIFTS
0i462 3164 27 OF BEQ PTN
A0463 3166 44 S.HIFT LSP A
10434 3167 56 I POP B
i0465 3168 "A 0044 DEC SHFTCT
'10466 316B 26 FQ BNE SHIFT BRANCH FOR ANOTHER SHIFT
Q,467 316D 24 06 BCC PTN BR IF FRACTIONAL PAPT OF
A046A • MULTIPLICATION ! A.5
A0469 316F 7D 0041 TST ZEROI
00470 3172 27 01 BEO PTN BR IF NO ROUNDOFF
00471 3174 5C INC B

06473 3175 DE 29 RTH LDX MDX
00474 3177 39 PTS (

'A 132(

/!
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00476 ----- ----- ----

00477 * CALCULATE ONEVL .
(:50478 *DALT STARTS IN ACC A *
00479

0043?1 3178 80 24 VL SUB A #36
'Th482 317P 25 09 8S LOW BR IF DALT ( 36 e3000 FT',
00483 317C C6 RB LDA B -#171
.*'454 317E 8D B7 BSP MPY8
0045 3180 96 B4 LDA A 0180
'10486 3182 10 .BA
,')4e7 3183 20 02 PRA ENDYL
00488 3185 86 B4 LOW LDR A #180
00489 3187 97 3F ENDYL STA A ONEYL
00490 ****## *
00491 *SET CVL FLRG*
00492
n0493 3189 C6 F3 LDA B #:PT95
(:0494 318B AD AR DP MP'y8 .95VL PET'N IN ACC B
00495 318D DI 5A CMP B NOTS .95VL - KNOTS
00496 31SF 25 14 Bc VLPEAIK PR IF KNOTS > .S5VL
00497 3191 CE 26 LDR B :PT15
'.a$'? 3193 SE 3F LDA A ONEVL
A A49 31'45 :-:D RO BSP MPYS .15VL RET'N IN AEC B

0 5tl5)A 317 96 3.,F LDA R ONEVL
Ai5C1 319? 7 A 000ol R'5RINI DEC 'VL

50902 31''r V 07 BMI VLPEAK BP IF CVL = -1 '.7VL,
('(503 319E 10 SBA
00904 319F 91 5R OMP R KNOTS
00505 BII 25 02 P0s VLPEAW BR IF *-VL < KNOTS0050" 13,0F BPR RGRINI

MR13 20 F4 PA AA~

00509 *CHECK VL PEAK' FCC'*
00S1 n A, eee,

00512 31R5 96 5R VLPERKf LDR A KNOTS
00513 31R7 D6 3F LDR B ONEVL
00514 31'R 8D 48 BSiP DIVIDE %VL IN ACC R
00515 31AB 6 01F9 LDR B VLPK
00516 31FE 11 CBA PRESENT VL - PEAK VL
00511 31AF 25 03 Bc VH BR IF PEAK > PRESENT00518 31BI B7 01F9 STR R VLPK
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00521 *#CALCULATE JUMEV

On524 31P4 32 VH PUL R GET DE1SITY ALTITUDE

t'05.5 31P5 C6 21 LDA , ::43
A0526 31?7 PD 9137 JSP MPY8
1)"),527 'IPA 8.6 90 LDR R ::144
0i'i 23 31PC 10 PA

00529 31,1) 9'7 3F STA A IJNEVH

0I531 *SET CYH FLRG.

U i?4 31PF 'F 45 STS SRVSTK
00535 31CI 86 26 LDR A #PT15
"10536 313 D6 3F LPR P ONEVYH
0537 ?I 5 PD 3137 J-SP MPY8S

01M ,9 3CA 31 P3H P .15 VH ON :TACk
01S.15 31?c: 86 IA LDR A "uPTI0
00541 31CP D6 3F LIJA b OMEYH
00541 31CD BD 3137 JSR MPYs
A0542 31D0 37 PSR P .10 VH ON S.TACK
00543 -IDII 86 OD LDR A tPT05
10544 31D3 D6 3F LDR B OHEVH
00545 31D5 PD 3137 JSR MPYs .05 VH IN ACC P

":'054; 31D8 96 3F LDR A OHEVH
00154$ 31DA 81) OE BSP r-MPKN 1 - . 05 . 9 5
00549 ?lDC el K'B 3R CMPKH .95 - .05 = .90
00550 31DE 33 PUL B .1
00551 I31DF 8D 09 BSP CMPKH .9 - .1 = .8
A0552 31E1 33 PJL B .15
":10553 31E2 8D 06 B$P CMPKM .8 - .15 = .65
00554 31E4 8D 04 BSR cMPkN .65 - .15 = .5

00556 31E6 9E 45 PLETP LDS SA'STK
00557 ?1E8 20 2P BRA POnLL

00559 31ER I0 CSMPRH SBR
00560 31EP 91 5R CMP A IkHOTS00561 S1ED 25 F7 BCA PLENTI P IF KNOTT %YH

00562 S1EF ?A 0001 DEC C"VH :
00563 ? IF2 39 RT$

184

, - ~4



PAG3E 014 HRSR

*DIVIDE 1UPFOUTINE

*tiUMERqTOP IN ACC AR

lit9,4 * tENOMINATOP IN AIX B

*'ILM 12*' BI'ENO=MN

u':r? 1F FId DIVIDE :AB[EO
3otc I F9 c F CLP P

01i575 1 FSz D7 41 IA B -EPO1
t1 F V 42 TA B AN S icLEAP :-EPO --

nnsrr7 31FPi; 7 4 ?S TA A R lNUM
31Fc .4 L3'-P A1Y

7:1r 3.1F '3' POP B
Y 1FF 4L TMT A
I IF~~E('4 P -lE WT PP I IM I?10;
E PHi El IF M PD~I

fl ~ 1: MP~3 ~ ~'LL PP I F PEF'O!'rl
o'% 5u P 1. 40 ( LJT :B IR DEFOM

C' 17)i r: ('42 rIN: cil s
?0 R ? 41 !PC A -EPDI $UBTP';rT PQC3 'IPLE BOPPIJI.

B ' 2 TBlIP LBT BP IF NOT -tPo
I fi: 11 46 ICMr B tEFNOM

1l £-4 F3 FCCr WEJT BF' IF WC7 V. FHifmn

16~ 33214 3. :NFLL PTr:
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S',5.4 * CORRECT POLL

00597 3215 D6 40 POLL LDA B CNYTRB+2 ..YCHRO PEFEREHCE

i9, '. -'17 9E 4B LDR A CVTAB+1 ROLL
I.!9' 321'  C 91 CMP B 1:145

( fOO 321B 24 31 BCC OUT1 BP IF REF 145

n0.01 3211D r.I 6F CMP B :111
unA02 321F 25 2D BCS OUTI BQ IF REF < 111

,)f6v3 321 8D Dl BR DIVIDE CORPECT ROLL RETH IN ACC R

5* ET CROL FLAG *

,.IC'607 3223 :3 1 93 CMP A .DEG35
,,0:. 3225 24 11 BCC PITCH BP IF ROLL > 35

0A.q0 3227 7t4 0002 DEC CROL
, 322P * I E CMP q ::DE25

i,3611 '2C ?4 0F BCC PITCH FP IF ROLL . 25

n0612 322E 7R A02 DEC CPOL
,.),6I I 231 *1 .. CMP A :DEG10
60,A4 2?3 i4 03 BCC PITCH BR IF ROLL > 10

'?,15 3235 7A 0OA2 DEC CROL

P* RECT PITCH

ur621 32.3 D6 4C PITCH LDR B ,;VTRB+2 SYNCHPO REFERENCE

'1622 24e '6 4D LDR A C.NVTAB+3 PITCH

O,:'2: 323C M S~ BBsP DIVIDE CORRECT PITCH PETN IN Pr '" R

(if,625
00 66a :ET CPIT FLAG4

O0.E9 323E :31 40 CMP A .'DEG15
u.,6:i' 3240 24 12 BCC CORPTO PR IF PITCH 1

o0.-.31 3242 7A o19 DEC CPIT
nwJ632 3245 ';1 I1 CMP A -DEG5

3247 2-4 OB BC:C C.nRRT PP IF PITCH 5

I'iv63 4 3249 71 0009 DEC CPIT
006?5 3240 20 06 BRA CrQPPTQ

J 637 324E St; FF OUTI LDA R USFF

- 2 3.5 A 9? 1) :TA A ':.P IT
0,6?. -4252 97 02 T CPOL
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*CORRECT TORQUE

0 i, 45 -:54 D6 4F CORRTQ LDR P Cr1VTAP+5 TOPtPUE REFEREK~E
00i:64- ?256 96 4E LDA A CHVTAB44 TORQUE
1)0:'647 4?5 l Cl 9I IIMP B #~145

At4,? -259 24 16 pBCCr OUT2 BP IF REF >145
0416494 ?25C Cl 16F CmpP #III 1
OvA5") ;25E 25 12 P's OUT2 PR IF PEF III
Aiji-51 3 at." 81' 91 B~lp DIVIDE

0 -'6 ET CO FLAS

5:6 3 2 t,2 91 1At CMF' A PS15
0 1) 65: 3264 25 OFBCS --ETCT PR~ IF TO 5 PSI

0,.651 -16 7C: A003 IMr. cO
4 I9 ' 1 LVf CMP A P3144

r(.wI6- -26 f 21. '):j PCs SETCT BP IF TO 44 P3
0 0 6 -*%2 3 c 6D 7r. ouffA INC GCO.

27 0~ 20 " ~ BRA SETCT
vloo, R272 4F O'JT2 CLR R

~i~'~£C~ ~3TR R CO

0 7 ET CT PLAG

1.6~) :-2596 54 :.ETCT LDR R CMYTAP+10 GQO T WEIGHT TP'DUCER
A -6-.1 ?27. A 14 CMP F4 "'6416"iD G O~ ~EIIHT - Gt4P THPESHOLD
016't72 3279 25 0 PC,, Pm Pr IF GMo '3ND TWPESHOL.I'

3 -e, 2'7B 7!C 0 fit, IM' CC :T

' ET CPPM FLRG

.',7 27E ?6 4A ~ptpo LDA A CNVTAB RPM
0061ri ?280 $1 ce CMP R uppP92oc RPM - 20')

(1t- 28-2 24 OR B CEL AYGcGW ?p IF RPM > 200)
U:16 2 ?284 7P 0005 DEC ClRPM
00:'6 -,28~ 71 *6 4 cmpP A :oRpmloo Pm -I)o

11(684 ::,? 24 U3 BCC AV6661 BR IF RPM 10
?::8 ?2*B 764 0005 DEC CRPM
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pi) , 1)1 P3

R VERAE G3ROSS W~EIGH~T

1-0691 3:a .9E 5F RVLGGlo CL.P B
?e-S 74, r t LDA A CPPM

0 ii-93 9 F 231 Bm! SKPC LR BF? IF RPM I (it)

'11 ? 3 ? CE 1) (15E LDX *(-,I-CN1T *...'..*....

S3'6E7 00 CLPGk'l STA P figX *C.LERP

6 ;: ,3q (1 0~ 0t;, -PX~ #GI3IL+1 IF PPM A 0
mt - a,- F* BNE CLRGlo **...*..**.**

I~ 329 TC 005D IN tic IdlTL
')10 *02,41 26 0 3 BI'E SK2 0INCREMEt4T FUEL BURN TItIEF.

014 .3, R - DF '!.r SK LIIX 614tTH
'j' 3f4f $ ('3 10 1-PX< "rIjT I ME * IF E,?UAL 10 ITh' 4j

PF~ B 4? BtAE 7ETCCM # LIECrEMENT GPOZS3 lJI!.I'H
jo 7 6~7 i;?R 7A 01P7 tEl GPOSWT # ''3ROSWgTi I! "t.FAR TIMv *
0~ kB 7i S): p )D,5C STR B GlJTH #

fj6 ) , 3B2 ti D 7 1 -TA B G3ITL
7,'102 3B 4 2 0 ?3E BRA : E T C G W *4.*.......*.

I B6 i? - 5C~ ~P -L F?',TA B G3IdTH * CL EAR

1 ?2?,; D-,5D ~ TA B 53I0%T *FU-EL BURN1 TIMEP
"14 3 :,Pt '- 54 L DA A CNVTRB410 GP03S WsEIGHT

,:0715 "28" 9? Ill HDD A GlaIL
.i''1i -2?E :, 6 1 TA A G111L *ADD FOP*
011 -?04 0l3 pc* 4'<T 4 *qYEPAGE#

I* :2 2 7C 1.061)I Ni: 3i11H
19I :,Ca 7C.,01ErjwT4 INC 6I.ICHT #INPUT3 FOP t4VEPAGE

b.3 (17 0 LDP4 A .17
" K2 %A %? S 5E BIT A IJICHT

2".?, 32CC- 26 2 6 BNE !ETCGI.I BP IF NOT a~ INPUT',

.172 DIVIDE SLIM OF

32CE~ 03 LDS k -:
t 0 3E' 2 ) 1 7 44 2TA A SHFTCT

K' '~ ~D? 146 ME0 Lt'A A GlklH
0 -2' 21D4 T'6 i L-D' B GloL
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PAGE 018 SIRSI

(0735 S*SSI

00736 CHECK PREVIOUS GROSS WEIGHT
00737 UPDATE IF DIFFERENCE < 4
00:738I
00739 32D9 17 TIA PUT AVG GROSS WEIGHT IN ACC
A0740 32DA 97 61 STR A GhIL

00741 32D. D6 5F LDR B GI1IST GET PREVIOUS AVERAGE
00742 32DE 27 OB BEO TOIST BR IF NO PREVIOUS AVERRGE
)0741 3 2EO 10 BA GET DIFFERENCE OF AVEPAGES
07:744 3?2E 2A 01 BPL T-TI BR IF PLUS
00745 3:'E3 43 CaM A MAKE IT PLUS
'7:746 ?2E4 80 04 TSTI SIJ A -#4

1'747 ."2E6 24 03 BCC TOIST BIR IF DIFFERENCE > 3
00i: 48 ?2E8 F701F? :TA B GROSI~tT UPDATE GROSS WEIGHT
0-174'4 32EB 96 61 Tn13T LDA A GWL B BIMP PRESENT Ghl
,'0790 32ED 97 5F 3TA A GhI1ST * TO "PREVIOUS" LOCATTON
V1751 32EF 4F CLP A
1"752 32F0 97 p1 STA A l R GIOL
0".7593: 3F~ 2 7 60 STA A 63,IH

'0756 S &ET CGI' FLRG
.:10"757 $e$ee ee eeeeee

1 )7' l -F4 B6 01F7 "ETCG 1o LDA A G]I,IT
14 00760, 3PF7 81 RF CMP A GIx17750

00o761 32F9 25 OR BCS DECENT ?P IF G-l < 7750
-,u ': ' 32 FP 7C 0008 IN': "GW1
070 32FE 81 El 'MP A 0Gh118750

C0,74 331:0 25 03 BC's DECENT BR IF Gid < '9750
o'7; , 3":' 7C 0008 INC CG W
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Ai 2RHGET 1 :ECOND ALTITUDE AVERGE
* LOAD DIVE TABLE FOP TIMiE 0

)0772?36 qm oiM DECENT LDA A CROL
C'?3307 2p A3 BMI EI19 BR IF ROLL 10

-34 A'C 0I6 ic DV!TABL+4
00i7-5 90;i (1 A; k:5 LDiA A CO'

"'F>33' 2 (3BrE R IF TOQOUI.E 5

327 3 7O C 0iA INC DVTAF4L+3
22 313 QL': :~ ~ A A ' ri:

."> 315 2B "3-. DM1 D2 R IF E .
(t2786 317 7" "('62A INC L'VTAPL+5
6i 1 1A PiC 00% Sic7 Itic AV'3DVC INC AVERGE COUNTER

i)'1",23J ' t i 964 AS LDlA A AVGDVC
i02$? ?F 81 "iq 1('P A4 -9

I(~ a'l 4 It BCCE CH 10 B R IF '~OP 10 AVFRFAE Lt-*aT$
2-,,;5 7F: A1 R?: CLP AV'3,DVC

&' I'~~ 9F LLlA B ALTFT ******e**4*aj

I2A tD7 R7 ETA B AV'31'VL * P P~i OP AWJERA'3F *
''2 1:VS 24 ''1 FCC :1P4 **f4
yr"?-E 7TC 0 1A ic AVi3DYI4

'"7211 ~3 1 PE "s6p.F 4IP4 Imp F1

44 Sl I~ CF -Hk 10' CMP A '.'11
Kt~ *3A 25 5E BC: 'kF I BR IF ;AV'3pVC =

- ~A '~' ALDA A
'i7:43A 7 44 ETA A7 >4FTCT
flit' " 0,: LE'A A AV'3DVH

- E I1. F4 7 LDlA P ;iVf:DVL

? 34" Fri I6 tUP MIFT AVC, kETMh Ili A~-C b
3 A 43 T E8 :TA B E'ViABL+ 6 1 EEC A LTFT AVERGE

(113A -:345 ;P 1:LFP B
7346, '7 A, ET A B AVGDVL

1 :~ u 3r -,'3 43 Dr 7E E0TAR B AV'31'VH
l N3 0 4 3 34A FE 0 1 cLA P CVH

D-05 E.: '2 - TA P. VTA4BL+1
0:3)S06 ?AE I' t. 00 LDlA B CYL I

f 7350 [)'1- 64 :TA B DVTABL+2
I ' fi 352'- 5 F LlA A rM OT

CYIC4 35- D' 63 TA B DVTABL+7
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Pf*4GE (20 2IRSR

1 SET DELTA FLAG IF
' ,3 A ALT,-6) - ALT(0j > 1

.1 4

n(:81A 3356 CE 6062 LtV  'DVTAIL
f i:1 3 359 F 0 CLP (oX

I (I,. ;13 335? E6 of LDA B 6,X ALT(0)
1111';t9 3511 C B 02 ADD B *2
O08 26 335F A6 3 LDR A 54,X ALTo-6)

20. 1 3"3p1 1, 1PA ALT(-6) - ALT' -0

(,.*22 3362 25 Q' BCI.S 'HK9 BR IF ALT DID iOT DECf.FEoE
" BY 2 CtTS fi' I.A T 6 SEC

rn'I 4 3364 6C .0 1lic 0qX

S ET CRD FLAG *

01"3,9 . 5C ':H9 IN C ALT(O) + 3
0f.o: A 3 A6 3': LlA A 6 .' ALT-9'
Q t A 10 BR RLTk-? - ALTO' - S

, 3 t 25 8? PC .P3 BP IF RLT DID NOT DECkFASE
* BY 3 CNT? INi LAST 4 'E:

E335 3.3 6*" E6 43 LE'A B 679X H, " -1 l

OS -337 ?3;E r? 3 ADD B ,1%35
(1.3. 3 7 Q %", LDR A 55og,. .- 6

0 0 "' 7' tBi tBF' A , -tI - A,: I-12, - 35 v,'t.

? '4'3 25 lE c :15YP3 BP IF A, .DID tIT NCREVA. E ;'v

35 1. 140T7 FROM '-121 TO

(1842 33'5 5F CLR B

0CIS4 - 3:7'6 1 F9 LP5 LDA A *SFA o-1?

00,344 337,: EP' 00 A lD B uY,
II:I45 ;3,-A 'r LP6 IIX
¢',:34; 3?7B 4'C INC #I NIWC B, e' .
( 3Ir : 4-: Fr C PE LP6

r.'-4,? 'E C f',OA CPX 4*VTRPL+56
(:10 4' -?91 26 F3 BrE LP5 BQ IF THEPE MOPE DELTHS

, I C1 05 CM r, P' 5
,0'351 3345 25 nC BC. .KP3 BR IF UM OF DELrRA 5

Qll,:153 3:.;T 9 A 5B LDR A ALTFT ALTITUDF IN FEET

' 1" ,4 3?"'.31 ',3 CMP '9 10 (ifl' FEET
AI',2.5 "' 24 0 BCC leP3 RR IF ALTITUDC 10iW, FT

(:136 '?D' 7C 0004 ii'i CPP
0 S,057 :,'-40 PD 3600 j 'P $3600 BiJM
i': 3393 7C 0014 B- P3 IiNC I'PD
;,,5 .396 20 39 BRAFI BRA iLOOrS
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0)l319Pt PC, RLTA'L FC!' 25f25 0
A0862 3: 9P E5 FP! 29- 225, 44
f''f 1 P%-- 3E C:7 PC! 199q l1*79 40
Oi86~j~4 33R 9C FC!' 156, 13s, 30-
ni:;65 3314 717l FC! 12~4, 1 05, 34

OAf_;7~ 331AA 40 PC!'P 1:49 514 29

3B7i 3I3 FA rITA'L FP 250 20.2, Q
1 0 ? BO PC!' 17. 171- 14

ri fr--: 7 ',;P9 0 FP 11.2. 137. 17
'IS- -"T 0 FC!' 81' 116. .21

0 o.3 114 ~F 2 F':!' 50. '42, .26
iii~53C2 1E FC!' 309 rI. 3.2

~ C PCII 12 45., 5 4
gi7 :~ Fl ('5 FP 5. .29 77
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'I

PACE 022 SIRSR

008$1 33D1 CE 2800 DLDOPI LDX #SMES2
0A,882 33D4 BD 3554 J3P PRT
u0,*? 33D7 BD 35C1 J3R IMP
A0"84 30DA CE 2969 LDX taMES?
A0-'."R5 3?DD PD 3559 J.3R PRTR
Ai36 33E0 CE 286E LDX uFIUFFR
Au"-$ 33E2? AF 00 LDR A O,X
0,,0-, 33E5 81 4E CMP A "54E A
,3'. 9 33E7 27 12 BEQ JF4X
*'9 Q ?3E9 81 4C, ClMP H ",S4C L

u,.i*91 3?EP 27 It PEQ JLO
A 08,a2 33ED 84 4F AND A 014F
sif,373 3 EF 81 09 ClMP A ':509
00:,94 ?3F1 2F OE BLE DLOOPJ
00F95 33 CE 281C LDX 4IMES3
C, 0A6 ?3FA PD 355Q JlR PRTR
00,:'7 ?3F9 20 D6 BRA DLOOPO

B:'m 3-FF 7E 3499 JF4X iMP JF4
':': 33FE 7E 345R JLO iMP DLOOPS
'j B 7 340D 'LOOPJ STR A DLODPKI1

1':';OI 3404 P7 3456 TA R DLOOPQ.1
C'u 34A7 CE 0000 LOX 0CVL

Y'A 3 340 ', 30 LDA P ':130
'flr'04 34": R6 00 DLOOPk LD A 0 9X
11ir,05 -440E 28 04 PPL DLOOPM
IA'A6 3410 43 COM A
01'1A7 3411 4" IC' A
01. 9.rP 3412 CE PD LDA F ':S2D
0 AaA 3414 SR 3 A OLOOPM ORR A 530

0 .r; A 341, 1:E 296E LDX ::BUFFR
01911 341: E7 02 TR R 29X
uO' 12 341P A7 03 TA A 3 9X
0(,,113 341D 5F CLP P
0A1914 341E E7 04 £TA B 4,.,
00915 3421 C6 2A LDR B :42A
Oll,;16 3422 E7 00 TA F 0X
A0917 3424 C6 20 LDO B 120
0 091 V?":426 E? 01 TR P IX

00.1': 3428 Ptd 3554 J7-.R PRT
A0920 3428 CE 282F LDX 'MES4

00921 ?42E B0 3554 i 'F, PRT
00'9 22 3431 PD 35CI iSP IMP
0A923 3434 CE 2869 LDX taMES?
00924 3437 BD 3559 JiSR PRTR
n0925 343A CE 286E LDX 'JFFP
00 '26 34314 A6 00 LDA A OX
(0'927 343F 81 OD CMP A "aSOD
0A228 3441 27 14 PEP DLOpP
0('429 3443 81 20 ClMP A "52D

r3i0 3445 26 01 .HE DLOOPH
609 31 3447 AS IMX
(11?'32 344A E6 00 DLOOPM LDA P 0*.X
ts'33.4 344A C4 OIF AND F 4.4OF
ftA034 344C 81 2D ClMP A .::2D
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ORG~E 023 SIfSIR

?5 344E 26 02 ENE DLOOP
00o?:6 3445f, 5?3. cam p
llf)V:37 3451 5C I NC P
0 A? -I 3452 C E 00flO DLOOPP LDX *tCVL
(C.":' 1 45'5 E 7 00 DLOOPCI 3TA D B

r' 4 A ?457 7E ?3D1 t'LOOPP JMP DLODPP
1)0941 3 45F R7F 2855 t'LOOP"S CLIP C OUNT
') W44 2 45D1 7A 2 ". 5 DEC COUNT
(09?43* $4 P,0 C E cOnO DILOOPT LDX u':VL

0:'44 C N CINT

C,.45 ?466 F6 95 LDA R COUNT
fl)?0 41,,? 81 A9CM P Fo 19

i:'?47 ?41tB 2E FA PA~T DLOOFPP
i i:r4o*4'D V7 ?4-7 TA A DLOOPU.1

LCI0949 'O 9A 30 Opp A ll130
A, 0,2; 3472 BP7 286E ZTA A BUFFIR

1) (05 ?475 AA 00 DLOOPU LDA A IAX
(11,052 477 CE 2~86E LDX #8UFFP

4'A C6 -:j0 L DF A B4421)
09; 4 ;4,'r E7 01 !TA FP 1X

1 ; 5 4 -E E"' 02 1-TA B 2,X

145 , E 7 (13 7TA B 3 , X
1115 .1:44 41) T7T A

I' ?j -4 .. ijr4 A (':' BPL DLOOPV
1) I'iap:' 34*7 i' P. D LDlA B 4 1
Ono., -24; E7? .- T A P 1

49,~ B4~ 4; COM A
iy ? , 49C 4C INC: A

1*1.1-4i,4 34-R' SA --,0 EILDOPV OP'A A7 USY,
ri, 34 R F A.7 A4 STR A 4 s X

0 '1t.6 4'4 5;;CLP P*
(019i, 7 3 4,; - E 7 05' :TR B 51 ,X

) 44P 39 ~ J3p PRTR
',I~~4Q7 20 C7 BRA DILOOPT

Ci 0,147 A 4, CE 28 35 JF4 LD"': oME 5
01414:1 C D ?554 j~p PRT

(I':j'a 3-4F BD ?5C I KIP INP
C A9' ? ?4C4 CE 2969 LDX tiME:7
0 0,474 .45 PD 355< *1l.p PRTP

Or975 34AS 5F C LR P
A ft' 3A F? 7 34i:9 :TA B JF4D+l
0*?477' ?4AC CE 296E LDX #BPIFFR
A10?79 ':4AF R6 01 .IF4P LDlA A lX
f09?9 ?4P1 81 rip CMP A "S OD

1*1''? 3BCO20 4 BA jF49

-oc4P4P CE 296E JF4C LDly -BUIFFP
34PE R6 00 IF4C1 ILDA A4 0 1X
.44C 1.1 84 (IF ARND R A SO

(1,47 ,41:2 FF 2982 :T :AEX
fr.4E? 9 41:5 CE 294F LDX oi I
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PAGE 024 S IRSR

uu999 34C8 EB 00 JF4D ADD B O'X
n0990 34CR 4A DEC A
l.991 34CB 26 FE EME JF4D
00992 34CD B6 34C9 LDR A JF4D*1

A09 :.- '34DC 27 OR BEG JF4F

00994 34D2 4A DEC A
00 35 "4D3 B7 34C9 -TA A JF4D l
n,"996 -4D6 FE 2882 LDX SAVEX

(0'4. 3419 08 IMX
On,?9gA 34DA 20 E2 BRA JF4CI
00999 34DC F7 2854 JF4F STA F LOOPCT

0100' 3.40F ?E 360R iMP F4

01002 * AT END OF PASS

01004 34E2 -R 2854 FLOOPA DEC LOOPCT

Mo105 34E5 27 03 BEG FLOOPI
(1 006 M4E? 7E 36 CR iMP F4

0O7r 34ER rE 0100 FLOOPI LDX :4100

01118 :4Ei 5F CLR B
01009 4EE 7F 2882 CLR PVEX
''1010 34F1 A6 00 FLOOPI LUR A 0-X
0:I1I 34F? 0 IMX
1 01' "4F'4 9 C 0200 CPL) :A$ 00

S01 01 -4F7 27 07 BEO FLOOP
A1014 34F9 At FF CMP A 255,X

01015 34FB 26 13 BME FLOOPD

ul16 ::411[ SC FLOOP4 INC B
0101? B4FE 20 Fl BRA FLOOPP

?1015 3900 1:E 0100 FLOOP5 LDX :W00
01 01' 39,13 86 FF LDA A 11255
'10 20 3505 E6 00 FLOOPC LDA B OX
1 0 1 3507 08 1 M

0102E 508 E7 FF :TA B 255'X
"1102? "?5nA 4A DEC A
,:1024 ?5('P 26 F9 BIE FLOOPC
ItIAi5 3501' 'E 331 JMP ILOOPR
0'102L6 510 r 282 FLOOPD TST "VEX
01027 1513 26 03 BiE FLOOPE
01028 3915 FF 2882 :'TX :.RVEX

01029 3518 CE 2856 LDV ::MES6
6100 351 ED 3559 MR7P PPTP
01031 351E 20 0(3 BPR FLOOPF

01032 36;20 FF 2882 FLOOPE STX CAVEX

01033 3523 37 FLOOPF PSH P

01034 3524 C6 20 LDA P :20
1i035 ?5216 PD 3575 JMp PUTC

':I036 3539 33 PUL B
, 37 3;2- 37P3H P

01038 3521 36 P.H A

0103q 352C 17 TBA
IulO4A 352D PD 35'6 MR PRTDEC

01041 353" CE 2869 LDX :MES7
01042 3533 BD 3554 JYp PPT
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1,:,4 , 353s FE 2982 LDX AVEX
I U,4I4 35,31 90% FF LDRA A 255,X

toI I'45 35 :-P Pti ?.D6 JIp PPTPEC
(1'4s, "--53 ,E:E 2969 LDX 4:ME.,-.7

I1I4,- ?541 P D 35 64 13 PPT
: "104? -';44 .P FUL A

,1 '"'4' .. 45 P., .'5 .L PPTDEC
I (15' ?4' CE 29, LDX ':ME -37

-1 05 ~4 P PD 3l"4 9 1 Jp PPTP

P"4. 552 21)' R9 BPR FL.OOP4
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PArE 026 t IP 3R

' THE FOLL'1I1MG ROUTINES HAVE DEEN INSERTED
.11(5' FOP DEBUGGING PUPPO'ES ONLY AMD WILL NOT
61060 RPPEPP IN THE FINAL VERSION OF THE SOFTIRPE.

. PPINT :UPPOUTI E
I CIA'?
11164 3554 ih F'T P.H A

:)I ,35 , 4F CLP A
7 3557 20 04 BRA PPT3

~. :: 5' 6 PPTP PSH 8
f,:' 15 A ;7 PSH B

1 ,F 76 AR LDR A $INA
01135 1.1D 6 09 PPT 3 LDR PU 09

"I1'L ?4;!F P7 lo :O TA P PC IAC S
E~A~3'. 6 0.0 PQT4 LDA B 0.>X

1~ 6.4 ,4 ? 7 As PEO PVTE's

1' ~ ~ 41) PRTEX TST A
107C' i5-D 03 BED PPT~eI 't ll ." 7;.6 FD 3575 .l'Q PUTor

l 2 ? PLTX p.L
otO'.". ,'S _;"PUL P

nl1. 7'=,4 P TS
0 4

U! ':';5 * PITC _U3ROLTINE

u' 5', 7 9 " PUT': P!H A
Fl ,? .5T ' 16 i"00" PUTCoI LDR A AC IC'.

"1 ,,-; 'f5, ' '  47 A7 AR
'.11 -u :'571 47 ARp 4

O'i zi .57B 24 F9 BCC PUTC
I CV'" 357D P7 1001 :TR B ACIAXR

11164-, 35C1' C1 7F CMP 3 #$7F
I) IT'l4 35S,, 2 7 11 PEI PUTF
,'t(I5 584 BD ?SAE J .R DLAY
(II1u9t; 3597 5D T:T P
i197 ?58. 3 26 OB BNE PUTF

111099 358A C6 OD LDR P ..1SOD
Co 099 358C BD 3575 JR PUTC

I100' 3158F r6 OR LDA P 1$OR
I IlAt 3541 BD 3575 J:r PUTC
11-' 35'44 5F CLR B

6110-V 3 5:15 32 PUTF PUL A
f;I 04 $5. 4 39 IRTS

01~tie * GETC .UPROUrTINE
''1107

JL18i' 5'9 36 GETC PSH A
'.'0,4 5 C, P6 1000 GETC C LDA A ACIAC:
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?PlO ~ 4' 7 AM A
t:11111 345C 24 FA pcC- GETCI
r i i i . -' 5 E 4 8 A % AI
tlI 11.6 5? t S A
011114 35RA a5 70 BIT A '-'S7 0

Ot 11,6 4 3.: PIJL A

0111.3 ? A,6 ?? GETE"' PLL A

n1~A 315AP C4 ~F RMD B US7F
~I1 3nAc li FUL A

~ I~ YATJ ~PT'

011 4 M IAY ."UBPaLITIME

01:r:~~A ~; 13LDA A 413
0 1 t F I 1 00 ::1 MP F IsOD

ol 1 3 ?5V5 ; 13B L DA 1;I A
oii: 11 i' -, IF _-I- P- ' - LA'r L DFA B IlS7F

Cot j 5 . 41; t'g~f A
011,34 ?5U 26 ; DB-4E IAY

0i 1 1 *.-I E 219.E IPiP LD- II'i~:
01; -3 ~ 547 1 ir- I J:P GETC

1114 c~ ri ) 7 !,k
3'YI 1 11' 1:' 1- if : P E tB I

A114" -2 ' "1 BrEC. IrNP1
A 114; ? ocEE7TRB1
0114 4 r,0 1) r.

Q 1147 31 PT7

0114;~t6 . PTEC HA

0115i fPr7 -37 PSH B

')1194 S"5f:E 5F ':'NTTUl CLP B
0119I55 . 5rpp qA 011 IHTDa 'US A 0:~~

0 11~ 5- E 1 2 5 A BC: ':VTD4
('1l57 ' 5E 3~ 51IC F
0 11~ c5;j'E4 2' F; BPA CVHTD2
0 1159., 35S6 AP 1) CVHTD4 ADD A n.:X
OlI11)~ 35E C A ?1 (I OA P S3

AI. 5ED 27? 06; BEQ CVHTI'5
0 t-* 3SE 5 FC ? 0 CMP p wj3 A
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*i 1,t%4 rF'5,1 26 02 P14E CVHTI 5

o t65 3F? C6 20 LDA B #S$20
(I I I t,; "5F5 PD 3575 CVI4TD5 J$ PUTC

01 5F9 08 INX

'1 35F9 KC 2854 CPX UK10+2
' l 5FC 26 EO NE rVHTDI

lt, 3"SE 16 TAB
AI,1 . FF CA 30 3A B #*:30

t T.S 1)1 BD 3575 J'.P PUTC
,1' ?6 (14 FE 2894 LDX SAVEX2

:)1174 ' 3 3 PUL B
I) 1 17. 3 fie 2 PIL A

76 ,939 T
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' 'E 029 $IRP

II

01 1. ':8

FCC EVE14T RECOGNITION ROUTINES
0' 111-4

0'118 ...5 FCC 4 - ROTOR STAPT/TTOP .

Ci " 3A.OF, CE 0000 F4 LDX IICVL SETUP INDEX
I R..9 O6D 6,F ?D CLR k.1,x SET COME=I

1'0 (1 3 IiF .F 3E CLR 62,X
,.191 3A11 86 A1 LDlA A fi
"1192 3613 A7 3C STR A 60,X

*11'93 '.A15 6D o TST 11X ARM?
101194 .1? 27 It DEO F4A NODR
:1195 13. 6D 05 TST 'X RPM(IO0?

v ac 13 PGE F8 NOsbp
01 Q1'- 3-i I b SF ,:LR 3
-I'119. :tIE 'E 00F9 LDX #249 ROTOR CYCLES
11199 21 8: 3 LI)R A #60 CONSTANT "I"
.2100 BD,3 Pt 39A9 J.1R UMPph COUNT CYCLE

2A1 ' . 6 6F;' 0 p' .R II,X P" M
,2 A 9. -' 20 06 BRA F8
0'0? -: i1n 621' 05 F4A T-,T 5,X RPM'200'
'.1204 3 2C 2F 02 PLE F8 NOCt'Tl.E
61205 32E 63 0 CaM 1I,X ARM

01_ 03 .4 IFCC 8-10 - NORMAL LANDINGS
0120': ... FCC 92-94 - AUTOIOTATIVE LANDIHGS $0

4)1210

'1- 1 23 6to 06 F8 T3T 6@X GiROUND)
C'1 13 3632 27 IF PEP FOG ND,
'1214 36?34 6F 3P CLR 59,X CLR AIRTIME

(11215 363P 6D OD TST 13,X AIR SET'
(:1216 3638 Z7 35 BEO F1 NOON
01217 -3'3A A6 0 oc LDR R I,X
01218 363C 81 64 CMP A # 100 TO TIMER =10 SEC?
01219 363E 2D' 05 BLT FOD MO,BR
(11220 3640 CE 0000 LDX iso NORMAL LMDG$
01221 3643 20 03 BRA FSE
022 2 645 CE 0006 FOD LDX :16 AUTOPOTATIVE LMDGS

01223 3:48 A6 3C F8E LDA A 1:60 COMSTAMT "I"
,.124 3641A BD 39A4 J3R DUMP COUNT LAMDING
01225 ?64D 6F OD CLR 13,X SET GhD
01226 364F 6F DC FOF CLP 12,X CLR TO TIMER
012P7 3651 20 IC BRA Ft
012a9 3653 A6 3D FOG LDR A 59,X
0122CA 3651 81 63 CMP A ::99 AIRDORmE FOR >10 3ECT

0!3 672 5DGT FOM YES ii R
01231 3659 4C INC A DUMP AIRTIME
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F'AE 030 S IRSR

::1 3 365A A7 33 .TA A 9, X

012.33 365C 20 II DRA FI
012'?4 365E 96 01 F8H LDA R #I
01?3 ?660 A7 OD STA A 13,X SET AIR

nt2. 3662 6D 03 TST 3,X TQ>5?

(Q1?, 36i4 27 E9 PEO FSF riNODR

Z3:-' A6 Oc LDA A 12X, IMC TQ TIMER
Of, - .6 A1 64 CMP A IQooI

11240' -,E6A 27 0? PEO F1
,1241 .66C 4C IMC A

024a A7 C .TA A 12,X
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F'AGE 031 SIP$P

1244

"t 24,=:., FCC 1-.3 - FLIGHT CLOCK TIME
12=4," FCC 77-79 - CLOCK TIME IM R.JTOPOTATIOM **.

0 t 249
u125A ?.66F 63 ID FI T3T 13,x AR COMDS?
01251 3'o71 27 37 BEQ FIN NO° Pp
, I125 a3673 CE 00.% LDX # 150 FLIGHT TIME
, 253 ?,.676 S6 3C LDRA A #60 CONSTAFIT "I"
01254 ?679 DD ?9R4 J3R BlUMP COUNT FLIGHT TIME
01a55 367D 6D 03 TIT 39X T057
01256 367D 27 OC SEO FIC MO,DBP

1257 -e(F 6P AE Itc 14,X INC T'17 C::TI
1 5:? ?691 ,D 02 T.T 2,X POLLsIO?

vI259 '681 2C 22 BGE FIG MOOIP
012 36.5 6D 07 TST 7,X t4 '.3?

01261 368' 2P 2F BMI F29 YE.wBP
01:,ip2 3689 20 68 PRA FS3xx
01263 ?68B 86 OE FIC LDA A 149X
:1 64 ?69D 81 14 CMP A :120 T77>2 3ECS
01165 e68F 2F 02 PLE FIF hOIr
'.'L66 36 I 6F OE CLR 14,X CLP T77

E2, -.3693 6C OE FIF INC 14,X' INC" T77
,i 63 3695 6 OE LDA A 14%X AUTOPOTATIVE CLOCk TIME

31269 3697 A7 2C STR A 44,X
(127' 3699 6F 2D CLP 45 X
ot1371 369B 6F 2E 'L 46,X
,:12 :6,;P 86 2C LIlA A #44
t=:(3 31.9F CE 0ACC LD', #204
":,74 3-6e A PD 31;A4 J:F' PUMP

01?7 ; R5 6F OE CLP 14,X CLP T77
0127.- 36,R7 7E 37D4 FIG iJP F5V
'l277 ?6RA 86 2D' FIN LDIA A #45 CLR 4[1C' FLGW,(hTI S
12,"' ?6A- CE 000E LDX -T7? "TART AT T77ft12' ?I .AF 6F 00 CLRF CLR 0,X

128.1 3692 41 DEC A
0128: 36B3 26 FP BNE CLRF
,,:18 3 3-1-'5 7E 3987 imP F95.J

2
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1297 FCC 29-40 - GUMERY RUN DIVES e$$

I '0 ". 6D 04 F29 TST 4PX RD VALID?
1t29 1 3?A 2B 39 BMI FSXX MOBP

'1292 3ABC 7D 0096 TST DVTRL+52 ROLL=01
c1293 3'4f 26 3F BME F29X MO1oDR
':1294 ?6C1 7D 0097 TST DVTADL+53 MZ=O'
('1295 .6C4 26 5A BME F29X NODR
1.96 .,C6 -, D 0095 TST DVTADL51 0"07

A12.97 .3'C9 27 55 PEI? F29X NobI
1'11298u ?6CP 6 04 T.IT 4oX RD..1650 FPM1
'0I?99 ?3,CD 27 2 8 BED F29H HOOSP
01300 .,-CF 96 54 LIR A DVTPDL+50 GET VL
(I3A1 6D1 81 02 CMP A 412 A,$..95VL?
,01302 36D3 26 05 BHE F292 HEO'B
',1303 36D5 r.E O01E LDX 130
.'1304 36D,9 20 12 BRA F296
01305 36DA 4D F29B T.T A
'130K 36DB 2D OC BLT F29D A-a=.?VL
:130?7 36DD 27 05 BEG F29C .7VL <A/<a.5VL
(11308 ...DF CE 0019 LDX 1124 .93VL A-3,=.95VL
,.10 '4 6E2 20 0 BPA F29G
'1310 -6E4 'E 0012 F 9C L Dw lo18
ti ,131. _ ?E7 20 03 BRA F29
'1312 -6E9 CE OOOC F29D LDX Is1
'.131 .3 6EC 86 3C F29G LDA A 3160 CONSTA#T "I'
01314 36EE PD 39A4 .1.R PUMP INC FCC
1:'11, 1 F1 20 2D BRA F29X
'1 316

,11317 .6F3 20 5D FS3XX BRA F53
01318 3 F5 20 4F FSXXY BA F5
01319

S1320

'1; Fe:, 11-2 - LOW VELOCITY FLIGHT COMDITION .e.

01325 36F7 96 93 F29H LDR A DVTAPL*49 GET VH
013 6 36F9 91 03 CMP A .13 A,'..95VH
01327 36FB 26 05 BME F2. NODR
0132.9 3FD CE OODA LDX o1i16 A/S,,=.95VH
A 1329 3700 20 ER BA F296
01330 3702 81 FE F29 CMP A #SFE Ai,'S.5VH
)1331 3704 27 IA BEO F29X YETBI
''1332 3706 4D T3T A A1 .65VH'
01.7:33 1,70 2C 05 BGE F29M YESB9
01334 l709 C E AORA LDX u168 .5VH:A/s <. SVH
'1"335 370C a0 DE BRA F29%
oiV3, ?70E 96 95 F2 M LDR A DVTABL+51 GET 0
'1 337 "710 1 01 CMP A : 1
(:1338 3712 2D OC BLT F29X TP<=57
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FAE 033 S IRS

'i3?- 3714 27 05 BEQ F291P 3<TDPQUE<I44?
')1 34(1 3716 CE 011C3 LDX 1111913 TOPQUE*>44
U1?41 ?719 20 D BRISA F2.-6
1 11342 3714 CE 0011 F29P LDX 1177
A134:i 371E 20 CC BRA F296
);1 344 3720 i:E An0oII F2 x LDX 'IDVTABL+65
('1345 372; q6 A00 LOOPI LDAR 0 ,X
0 134," 3725 A? 02 3TA A aX

;..4 ' 727 1.9 DEX

11349 3728 C 0097 CPX "DVTAIL+53
I ? 'r4':) ;72F 26 F6 PNE LroOPI

ftI3'5 I 372D CE 0092 LDX 'IDVTAIL+41?
) 1351 '71 09 LOGP2 DEX
H134.52 3731 A6 00 LDN A 0,X
('13t3 3733 A? 08 TR A 9oX
0 1 3-l4 3733 9'. 0062 CPX IDVTDL
I 11-35- 37318 26 F6 SHE I.oale
0'05 W'.. 7 , 3A CE 0062 LDX OSFVTADL
31'"3D 6F 03 iLP 3,X

e13:9 ; 3F 6 F 04 CLP 4,X
f')135' ?741 6F 05 CLP 54X
1:13; 01743 CE 0000 LDX #CVL
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PPF-E ) 34 S I PSR

('1'34 *** FCC 5-? - QUICK 3TlP DECELEPATIM1S *.

11367 :?746 6D n9 Fl TST 99X PITCHN15?

I ?,; 3748 2F 08 BLE F53 NJiR
C1, -?74P CE 00qF LDX ts159 QUICK !TOPS
'l?0 ?4D e6 3C LDR R '360 CONSTFNT "t"
'11;I ?74F DD 39R4 J3.e DUMP
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F-Pr, 0 35 1 R.ISR

A"1 3 40
u 1S75 #0 FCC 53-61 - YMMETFICAL PGIJlNEIY PUN' pI.Lf.F"

S-:752 6D 04 F5'3 T T 4. CRD VALID?
S: 7'754 B 5A BMI F535S NO,* DR

"-8 D 20 TST 3.,X PUFLAG SET ?

.. 1 370i A 26 36 BHE FS3M YEDp
is - 37A 61' 09 TSIT q.x p ITC H

. ?5r .7-C 52 B'3E F3SB
13,;4 ? 7,E :6 01 LDA B i't "SET PUFLAG

(013?5 ?76n E7 20 :TA B 3 2,Y
013*6 37"2 6p 04 TET 4,X PD, 1650,7
'1337 3'64 2P., 02 BNE F53C )'E.3,BP
0 1339'3 7 -, - E7 30 "TA B 4,X -,ET NOPUF6

I <:69 R6 08 F53C LDA A 8%X IAVE GII
I -: 4 I' 'i-6A ,.7 3 2 .- TR A 5 n '

I'l 1 ,-.AC R6 1O LDR A A% X SAVE VL

0 1 , ': - nE H7 33 "4 TA A '51 ,'
61..3 1177n C6 06 LDA P :6 "TAPT LrOP

01 3?.,4 3.? :6 35 LDA A 0,"53
0 1':'z 1.774 B7 3771 STA A F53E+1 r
u' '3, 3777 CE 0062 LD':: IDVTADL

-: ' ,;? 7. 3" H6 O 5 3E L DA A O X t4Z ,- X ) ., 3? 1 5nj ' 377'C aoC 0' P'SE FS.3N YE SD

713' -.77E 5q DEC B
r14Nn 377F 27 0'4 1E' FS-H
L141'1 37"-1 F4 377B L DR A F58Eel :ET UP NEXT ,
0 14:' 37?4 n.fN 0UP AUI A s8
'14n :4T..6 P7 377i 'TA A F53E+1
,14,4 3799 2( EF prOA :w3E
i14c,5 "71, CE 0000 F53H LDX u:.VL
'14 0$- 78 E E7 2F :TR B 47,X -AVE PUFCTM

'14:7 "4,(1 C6 01 F53H LDA B -. 1
14A.; 3792 6D 02 T3T 2,X 'OLL.107

I' 14IT; <,';"4 2C 14 FGE F53P ,'E BR
'1141' k7'i76 kD 0 3 TST 3,X TOPLJUE,5-

"11411 3 7'1'3 ;6 '2 ME F53"J NOBQ
u1412 7A 7 30 F53F "TA B 48,X :ET MOPUFG
v1413 "7'.C 6C .i F530 INC 49,X INC PUlO
",1414 -7';E PA6 31 LDA A 49,V
11415 37AA 81 64 CMP A ::100 PU10=0 :ECS7
01416 37R2 27 30 BEO F53Y YE.,14
01417 ":7R4 tD A? T'ST .,'< PITCH,5 ,

it141 A76 2C OA 1GE F5?T 40,BR
s14 1,o 378 6 2F I NC 47,X INC PLIFCTM
1*142:r, -s,7RA 9;D 07 TST ,X M-7 1.31

01421 37AC 2B ('2 BMI F53S
A1422 37AE E? ? -,TA B 54,X SET YSPIJFG
',142 3710 20 2C F53-. BRR F13
14c 4 3712 6bt 36 F53T TCT 54.X i'PUF SET?

014, 5 .144 27 IE B.EO F53Y NOiF]R
01426 37B6 .D 30 T:T 48,X MOPUFG -_ET,
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4#-oE 036 $IPTP

0 14,.7 ?7BA 26 IA DNE F53Y YESDB
014&E8 37PR 6D 33 TST '1tv  CLR$SIFY BY VL
"1424:' P C 2 07 BPMI F53TE
014.30 37BE 27 OR BEQ F53TF
: 14-'I 37'C0 CE 0030 LDX #4A R'S:.85VL

(II 14a 'C 0 2 ('8 BRA F53TG
143 37Co:5 CE 0024 F53TE LDX #36 A/S<.TYL

374C4 "?C8 20 03 BRA F'53TG

61t4"15 3'.R CE 002R F53TF LDX u42 .7VL<R'/S.=.85VL
61436 37CD D6 32 F TG LDA P GSV53 GET Gkl
1,1437 37CF 96 2F LDR A #47
('143 7 .TDI BD '39R9 JS1 DUMPM

01439 37D4 6F 2F F53Y CLP 47%X CLR PUFCTM
01440 37D6 6F 30 CLR 489X HOPUFG
r,1441 *-7D 6F 31 C'LP 4'?qX Puto
01442 3DA 6F 20 CLR 32.x PLIFLA
0"144? 37DC 6F 36 CLR 54,X YSPUFG
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PRGE n37 SIRSR

v1445 9

01144? .. FCC 23-28 - NORMAL (HIGH SPEED) TURN! 9.9

o1448 FCC 41-52 - ASYMMETRICAL PULLUPS *00
(11449 ... FCC 62-70 - GUNMERY TURM S99
0'145A (1 FCC 71-76 - GUNNERY S-TURMS 99'
11451 FCC 96-91 - HIGH SPEED FJTO1OTATION TURNS $S
4.J 145 ; $*9.•,•,•*•.9••99i 99.•$.9• .$9••9*9•••.9.9••e9•4.9.l99

is1454
(1145 37DE C6 01 F13 LDA B ol
11456 37EA 6D 02 TST 2,X ROLL0107
C11457 37E2 2B 74 DMI FI3N NOBR
f: 14,9 3?7E4 86 34 LDA A 4t52
"1459 37E6 ED 398E JSR BUMPT
"1461' 37E9 6D 11 TST 17,X MODE-X7 (0)
uJ1461 37EP 26 14 ENE FI3D NOlR
01462 37Eri 6D 0? TST 7,X NZ>=m.3 "'
0 14p-;3 37EF 2C OE BGE FI3C YE.,BR
u14',4 37FI A6 00 LD1 A OX AVE CVHCVL,CGI1,
01465 ?7F3 A7 IA STR R 26,X
01466 37F5 R6 01 LDA A 1,X
u1467 37F7 A? 19 .TR A 25oX
A1469 37F9 R6 08 LDR A 8,X
0146q 37FB A? 1 STA A 27,X
",147) 37FD 20 02 BRA FI3D
01471 37FF E7 15 FI'3C STA B 219X SET NZE FLA.
111472 3801 6F 11 FI3D CLR 17,X SET MODE-Y '-I)
61473 3803 6A 11 DEC 17,X
01474 3805 6D 03 F13E TST 39X TO05T
'1475 38117 2? OF BEC F13F YE,.,BI
0)1476 3809 86 IC LDA A :i?8 INC T86
",1477 380D PD ?8%E .IRp PUMPT
011478 380E A6 IC LDA A 28,X
01479 3810 81 14 CMP A =i20 z2 SEC' ?

01480 3812 26 OR BNE FI3G NOBR
"1481 3814 E7 12 3TR B 18,X SET HITQ FLAG
01482 3816 20 06 BRA F136
01483 3818 E7 13 F13F 3TA B 19,X SET LOTQ FLAG
01484 381A 6F IC CLR 28,X CLEAR T86
'1485 381C 6F ID CLR 29,X
01486 381E 6D 14 F136 TST 20,X M SET?
.11487 3820 26 14 BNE F13J YES,BP
01488 3822 A6 02 LDA A 2,X ROLL>=35?

01489 3824 81 02 CMP A #2
01490 3826 26 02 ENE F13H NOBR
01491 3828 E? 18 STA 9 249X SET HI ROLL FLAG

01492 382A 6D 07 FI3H TST 7X
011493 382C 27 04 BEG F1312 1.3<=MZ<1.5
01494 382E 21 OC BMI FI3JI NZl.3,BvP
01495 38.0 E7 16 F131 3TA b 22,X SET HI NZ FLR6
01496 3832 E7 1? FI312 STA B 23PX SET LO NZ FLAG
01497 3834 20 06 BRA FI3JI
u14Q8 3836 63D 02 F0J TST 2,X ROLL25?
01499 3838 2F 02 BLE F13JI MO,3R
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PAGE 038 &IRSR

01500 383A E? 2B STA B 43,X SET STS

01501 383C 6D 06 F13JI TST 6,X GHD COMD?
.11502 383E 26 04 BNE FI:31f YESBP
o'1503 3840 6D 05 TST 5,X RPM<10?
91504 3842 2C It BGE FI3L M0,EXIT
!15 05 3844 86 OF F13K LBO A #15 CLR CLRGS

0150., 3846 6F OF F13k1 CLR 15,x AtD SET MODE=X
01507 ?848 08 INX
01508 849 48 DEC A
01509 384A 26 FA BME F13KI
01511 J84C CE 0000 LDX OCVL
01511 3*4F 6F 29 CLP 43×X
u1512 3851 6F 34 CLR 529x
A1513 3853 6F 35 CLR 53,X
01514 3855 7E 390D FI3L JMP F80
01515 3858 6D I F13N TST 17,X MODE=X?
01516 385R 27 F9 BEG FI3L YESEXIT
01517 385r 2B OF BMI F13P MODEuY7 YES99R
01518 ;85E A6 34 LDA A 52PX
01519 3860 81 64 CMP A n100 10 SECS UP?

01520 3862 27 2E BEG FI3RZ YESDP
01521 3864 86 34 FI3P LDR A #52 IMC T23
01522 3*866 BD 398E JSR BUMPT
01523 j969 A7 11 3TR A 17,X :ET MODE=Z (1)
01524 ?86B 20 98 BRA F13E
01525 386D 6D 17 F13R TST 23,X NZLO SET?
01526 396F 27 D3 BED F131 NOwBR
01527 39871 E7 14 4TA B 20X SET M
(1529 3873 6D 15 TST 21wX HZE SET?

01529 3875 26 15 BPE FI3RC YESVPR
k1530 3877 6D 13 TST 19,X TOLD ET

01531 3879 27 04 BE@ FI3RA MOSP

015-:2 3.7B tD 12 TST 18,X TONI SET'
01533 187D 26 OD BNE FI3RC YESPBR

01534 387F A6 34 F13RA LDA A 52,X
01535 3881 R7 2C STR A 449X
01536 388A3 A6 35 LDA R 53,X
01537 39885 A7 2D 3TR R 459X
015l. 3887 86 OF LDA 4 4115
01539 3889 PD 3998 JSR BUMPT2 ADD T23 TO T23A
01540 3*8C 6F 34 F13RC CLR 52,X
01541 38RE 6F 35 CLP 53oX
01542 3890 20 D2 BRA FI3P
01543
01544 . MISC MANEUVERS GROUP 5 (FCC 86-91)
r1545
01546 3892 6F I F13RZ CLR 17PX CLR MODE BYTE
01547 3894 6D 13 TST 19ox TO LO SET ?

01548 3896 27 OE BEQ FI3T HOBR
0154q 3898 6D 16 TST 22X HZHI SET?

0155A 389R 27 05 BEQ F13S HO.BR
V 1551 389( CE 007? LDX :114
01552 38.F 20 62 BRA F I Zl
01553 38PI CE 006C F13S LDX #108

209



HI'GE 039 1 PSR

01554 38A4 20 5D BRA F13ZR

,1555 
,1556 *# MISC MRNEUVERS GROUP I (FCC 23-29)

11557 0
.1558 38A6 6D 16 F13T TST 22X IZHI SET!

,1559 38A8 26 OE BNE FlaV yESD

L.o560 3IAR 6D 19 TST 25,X A/S>oS.VH
?

fj15.I 38PC 2F 05 BLE FI3U MOODR

01562 :A:9E CE OODE LDX 1222

0156 3. B1 20 50 BRA FI3ZA

01564 3'3? 3 CE nOD5 F1SU LDX iQ213
0155 3:_6 20 4B BRA F13ZA

5. MIC MA OEUnER. GROUP 2 ,Fo:C 41-52)
0 15,, ,

01569 39B4,? 6D 18 FI3V TST 24,X HIGH ROLL SET?

M'1157fl 389A 26 20 BNE F13Y YE5,1R

h1c-I 3:A: A6 1R LDA A 26PX

0L5.2 ',E 91 01 CMP A 41n CHK P.'SsVL

("11573 3i:C0 2E 15 FGT F1i3W2 DR IF A'/S.9SVL

01574 3:C,i' 270E lEO Fl3Wl BR IF .85VL /'S<=.95VL

01575 .C4 6D IR TST 26*X

01576 3K3C6 27 05 EEO FI:3WO

11577 :. C CE 0036 LDX 054 A'/<.7VL

157 R 3:4C .?0 36 BRA F13ZR

.i157' 1? iII CE 1103C FlIWO LTjX #i60 .7VL.-tA/S.85VL

1iS"10 3,9t1 20 31 BRA FI'3ZR

I15e.t 39D2 CE 0042 FI.'1"I LDX 3166

58 3T'5 20 2C BRA F13ZA

i11=h? 3:I," CE 004A F13W2 LDX 072

6 15'34 38 A 2 0 77 BRA F t3Z

5, e *. MISC MAHIEUVER$ GROUP 3 (FCC 62-70)
(" 5.=::7 0

,'1;' 3: D'" 6r, 2p3 F13Y T:T 43,X GUMIN ';-TURN7

,15*9 .DE 26 15 BNE FI3YA YE.,BR

i15'1.) 3:3E0 6D 19 TST 25,I

0 15;1 3'?-E2 aE OC BGT F13Y2 DR IF A."-'.u.SVH

01592 3?E4 27 05 bEO FI3YI DR IF ,65V4-A A
S < .9VH

0 1593 3,E6 CE 004E LDX 4178 A,.65VI4

1,1594 -'.?EQ 20 18 BRA FI3ZA

Q15q05 39E, CE 0054 FI3Y1 LD' 084

i5 196 38EE 20 1.3 BRA F13ZR

oJ154)7 38F0 CE 0O0A F13Y2 LDX #90

A1598 39F3 20 OE BRA F1I3ZA
,'1 599 4

i. MISC MA'EUVERS GROUP 4 tFCC 71-?6)
0i1601

0Il.'h0 3,8F5 R6 19 FI3YR LDR A 259X

0 16i:i3 3:9F7 81 02 .MP A .12

'1604 74'?F ' 2D 05 iLT FIYD B R IF A/S,.VH
0 1605 3S-3FP CE 0066 LDX #102 A/'.>=.9VH

(i 16 06 3:FE 20 03 BRA FI3ZR

01607 3'? A'o CE 0060 FI3YB LDX :96
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~i6O ~3 E~OF FIKA LDA A t15
.'~o9 3905 D6 13 LDR P IG GET GROSS T
C,1610 3907 BD 39fR9 J~p PIMPM
o'1611 390A 7E 3644 imp' F13K
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01613-- -- o se o
1)1614 .. CC 90795 AUTOROTATIOM TO POWEP TRANSIT1VH

cii i8 390t' '6 ol F90 LDA S 'I

0 1 p"I 3 ?A0F 1611 03 TST lox T5

13162ft 3911 27 19 BEG F90H YES99P

01621 3913 61)' IE T S'T 3 00X LOTO MODE?

*ti 23915 2 6 O- DE F806 IIOlvp

;-W3 E71 2? STA R 309X SET HITO

'1 4 3919 61) 01 TST I tX A / >. 65YHIO16.25 3~1 - 3I4 P V0PM806 ra fOR

.j1626 3'lt' E7 IF STA B 31%X SET A/S FLAG6

I o 6V 39tF oC 2t FSOG INC 33X BUMP Te0 CNTR

AE~~ 3921 6D 0", TST ?1 X.

3? 3 2p 10 IBM I F9(K ofP IF "2<1.3

013'3925 27 08 BEVS FA8OJ DP IF NZ(I.5

i31 327 E7 22 ITA 9 349 X :.ET NZ FLAG3

i3, 329 20 OR BRA FSOIA

''6~492B 6F 12 F904 CLP 30vx CLP LO TO MODE

'16?4 3 921 20 22 RA F90R

rtp,6-5 39,?F 6D 22 FSOJ TST 349X NZ)1.5 FOUND'

0:1636, 39?1 2E 02 DGT FSOX VESqvp

i' 16-.3 ' 33 ?F 22 CLP ?44,X M09CLP liZ FLAG

1'.1638 3935 F621 F80' LDA A '33,X

(I ",", 39? S 1 342 C14P A C150 5 SECS ELAPSEV'

f.1o.4 0 39 39 26 IEtlE F95 op

:16,44 I 3V 61) IF TST 31vX PEO'D A/S Oy?

lt1t42 3q31' 27 12 BEG FSOR hoolp

'1644 '.941 2S OE 3141 FSOR Bp IF NO HiZ FOUND

1)1645 3943 27 05 BEG F90L

-01It;4 P 3'?45 C E 007?E LDX #126

:o164 39 4$ 20 03 BRA P18014

01648 394F, C E 0078 F90L LDX 0120

016i49 394D 86 3C. FS OM LDA A 060

11~ 394F 81' 5*3 D'R BUMP INC CMTR

f,1651 3951 6F IF F13OR CLR 31OX CLR FLAGS

o152 3953 6F 21 CLR 31.1,X

ci'653 3955 6F 22 CLP 4R SET HZF TO -1

01654 3957 6A 22 DEC 34vX4
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PAGE 042 SIRSP

0'1656

Qt65 *5 FCC 95 - MISC. HI6H-6 MAEUVER$ S *

t;q 95C C6 01 F95 LDA 9 # 1
a 395P 6D 23 TST 35,X RPM?

395D 27 1 BEQ F95F Mn, 3R
(II :.fi4 3',45F 6D 07 TST 7, X NZ<I.3;7

'1665 3961 2C IA BGE F956 NufpI
rt6.6 o3963 6D' 24 TT 36,X LO A/$ SET?
01667 ?Q65 26 OR IHE F95C YESPIP
01668 3q67 86 3C LDA R :60
t I166 3969 5F CLR 2
u1670 396A CE 00F1 LDX 0251
01671 396D $D' 3A SSR BUMPM IWR FCC
01:'72 396F 20 02 BRA F9!E

'1..73 3' 71 6F 24 F95C CLR 36,X CLR LO A/S FLAG
01,'4 ?,;73 6F 23 F95E CLR 35jX RERM
11675 3975 20 10 BRA F95J
01676 ?977 R6 07 F95F LDA A 7%X
( 1.77 ?979 81 02 CMP R 2 NZ1. 7?
n 1-',,". 397B 26 OR BNE F923) NOPR
'167Q 3qD R6 01 F95G LDA R IPX

?916: ' 3'7F 91 FE CMP A 'ISFE R/S<.SVH
='i1,-1 3981 26 02 BNE F95H MO,OR
016 .' 993 E7 24 STR B 36sX SET LO RS FLAS
0 16P' 3 5 E7 23 F95H STR D 35.X ArM
.11685

0 1 ,:8 3 .87 73 000R FQ5J caM IFLAG SET DOME
01687 399R Jl hRIT r$OP W'AI T FOR NEXT TIME INTPLtPT
0"1688 3I', 7E 34E2 iMP FLOOPA AR. IJMP F4)
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PA,'E 043 SIRSP

i'16.91

016.92 ,'* BUMP SELECTED TIMER (BY 1) *..
0169.,:•

,I(I .- E 3A BUMPT PS, A
01E. 6 ? 6F 2D CLR 45,X SET BAR I I

',','."9I 6F 2:E ,CLP 469X

6,.s 94 q? 96 O1 LDA A 01

10 U 39q7 32 PUL A
o.701 "399s q- ,8 BUMPT2 TR A 40,X

IJ1 "f -9A ., 27 CLP 39,X
ii , I -9 DE 27 LDX MDX GET ADDR OF TIMER
01,04 ?99E 8D 48 BpR MPDRe DUMP TIMER
01,0, .9A 0 CE 0000 LDX I:CVL
). 7 1 39A3 39 QTT EXIT

0 109 F, CC TABULATIOi ROUTIME .ee

1,1 2b0i S

!).71. - A!, D6 OR. LZ'A B CGIO GET GPOl '41EIGHT
p1714 2 ,0 01 BPRA BUMP3
01115 ? '?r9 ?7 BUMPH PSH P
Oil6 ? ,A DF 27 BUMP3 STX IDX .RVE ADIDED RDDR
(, -. t? .7 ;W",F OO025 CLp Fisy

,i"7Is ":, ;4 97 26 STA A ASV+I111,19 3, Bl TE 25 LDX -.v

,, f, F3 A6 0 (1 LDA A 0,X MOYE 2D RDDEP TO FAA
1.395 97 ac TA A PAR

I,' . ".9 A.A l LDA A 19X
'? 79B9 97 2D' STA A BAR4I

." .Bv A6 0, . LD1 A 2,X
0'1725 39BD 97 2E ' TA A 8140+2
t!i."6 ?9F 17 TIP

127 ?,C0 97 29 3TA A SNDX SAVE G6
01728 39C2 48 ASL A CVT TO MDX
0172 9C3 D6 28 LDA I HDX+I
017? 0 39C5 CI 96 CMP B 1o150 WICH PPECI
017?I 39-7 25 02 BCs BUMP4 PQ IF 2
01732 39C9 9p 29 ADD R $mDX MUST BE 3
01?3 3'9C'B 9B 28 BUMP4 ADD A HDX+l
01734 ?9CD 97 28 STR A MDX+I
1' 35 39':F C:6 0 LDA I #I
171; -'9D I D7 27 .TR 0 MDX

01737 39D3 DE 27 LDX MDX
01738 ?9D5 OF SEI DISRLE IMTEPPUPTS TEMPOPIL
01739 ?9D6 96 28 LDR A MDX I 1ANICH PKICISIM'
01740 39D8 81 96 CMP A 11150
A1741 ?9DA 24 04 BCC BUMPS IF TRIPLEVR
0,1742 39DC 8D OR BSR MPBA2 DOUBLE
01743 39DE 20 02 BRA BUMPX
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PRGE 044 I$

01744 39E 8D OA SUMPO- DSP MPIM3 REPEITPU

01745 ?9E2 OE BUMPX CLI R~IIEITPUT

0174- 39E 33 PIL B

01'' 'E4 CE 0000 LDX 4V
0i1747 S973 EXIT
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PAGIE 045 ;;PSR

'3 1 15 I * * *
MULTIPLE PPECISIOM PIMARY ADDITIOIM RIUTI4E

031754
oI1755 39E8 3?7 MPA2 PSH p DOUBLE PRECISIOI
oe l A 7 Z'E9 SF CLP D
011757 "y.?ER ?0 03 BRA MPBAR
I I,1750° ":EC "47 MPDR3 PSH 9 TRIPLE PRECISION
1015% 'qEp C6 01 LDR P .1
0 160 EF 36 MPBAR PS'H A
t1761 ;';F0 96 2C LDR A PAR BYTE 1
I762 3,9F2 R 00 ADD A 0,X

017 3 391F4 A? 00 STR A 0,X
0194 3?F6 96 2D LDR A 9AAbt BYTE 2
U1?65 3?F AR9 01 ADC A I,X
017'.6 39FA A? 01 ST1 R IX
n,7p ,,- ,:4F. SD TST B TRIPLE PRECISIOM?
011'6:8 ?9FD 27 06 BEO MPDAX NOOR
01764 3?FF 96 2E LDA A SAA+2. BYTE 3
1770o 3FQ A9 02 ADC A 2-X
'1771 "piA'7 3 02 TA A 2X
17,"D -:. 0': 5 32 MPBAX PUL A
1 1 f"? ? 0". 33? PUL B
01774 :R01 39 RTS EXIT

411 7768
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9 74 occo OpG 12800
"M781 2900 41 ME32 FCC IALTEP MAPWETEP? (0-9,,L)

171;_ R 'elp 00 FC 0
017?? 201C 49 ME.3 FCC 'ILLEGAL PARAMETEPI/
I:'IT4 282E 00 FCP 0
i= ,.F 20 MES4 FCC U/

Wl7t~ ,44 00 FCI nl
S1. S7 ,1' 5 4.; MES5 FCC 'EMTER PA. $ UNT (1-5) /
018:1t '-84E 00 FCB 0
0179 --'R4F 01 X I FCB 1,10100
C- O t?5 ,4 10 FCB 100,10
01791 ,:54 0001 LOOPCT PM] I

I-., ?: & nOOl COUNT RMP 1
'.'17; -4 a 42 ME'6 FCC ,BYTE IOR 13,
(1-94 2.,*%9 00 PCs 0

6'?9''9 20 M3 C
) ,;6 2A6D 00 FCB 0
l r,17'4' 7-'86E 0014 BUFFR RMV 20
C, 1 79i 0002 :;R'E< Rm 2
ol 1', 9 ,S.?4 000a :AVEX2 PMP4 2

i (I IEND

TOTAL EPOPS OcPrO
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