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DISCLAIMERS

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.

Wher Government drawings, specifications, or other data are used for any
purpose other than in connection with a definitely related Government
procurement operation, the United States Government thereby incurs no
responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other data is not to be regarded by
implication or otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission, to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

Trade names cited in this report do not constitute an official endorse-
ment or approval of the use of such commercial hardware or software.

DISPOSITION INSTRUCTIONS

Destroy this report when no longer needed. Do not return it to the
originator.
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SUMMARY

A study has been conducted by Hughes Helicopters to analyze and correlate
OH-6A helicopter engineering design criteria and actual operational flight
load data recorded in Southeast Asia, Based on the results of the study,
recommendations are made for additions and changes to improve the struc-
tural design criteria for future Army observation type helicopters. The
work described in this report was performed in five tasks,

In Task I, a mission profile was derived based on OH-6A helicopter oper-
ational data recorded in Southeast Asia and contained in USAAMRDL Tech-
nical Report 71-60 (Reference 1). Additionally, the mission profile used
for design, testing and structural analysis during Hughes' development of
the OH-6A helicopter was included, as well as two other current U.S. Army
and Navy mission profiles, A comparative analysis noting the differences
and deficiencies of the individual profiles was performed. The design
mission profile compares most favorably with the operational data.

Main and tail rotor fatigue load data for the design mission profile were
obtained from OH-6A flight strain surveys during Task II, Fatigue data
were then determined for the operational mission profile defined in the
previous task, The two mission profile main rotor fatigue load data show
good agreement,

In Task III, main rotor blade and tail rotor blade and the rotor drive sys-
tem historical changes were analyzed. Design changes found to have been
made from the time of original engineering development up to the present
are described. The changes are analyzed for their cause-effect relation-
ship with the upgraded OH-6A mission profiles as influenced by increases
in gross weight and engine power.

Task IV presents an analysis of parameter peak values, The maximum

and minimum one-time occurrences were obtained for selected parameters
reported in the operational data. For comparative purpose, similar peak
values were obtained from the structural design criteria and from engineer-
ing development tests conducted on the OH-6A helicopter. The OH-6A
characteristics that influence the magnitude of each of the parameter peak
values were evaluated. Additionally, the occurrence of high or peak values
has been evaluated for helicopters with limiting characteristics differing
from those of the OH-6A,

The results of Tasks I through IV are reviewed in Task V, Indicated revi-
sions to the design criteria for observation type helicopters are presented,
Recommendations are made based on the results of each task, and addi-
tional general comments and recommendations are presented.
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INTRODUCT ION

This final report is submitted as part of the required documentation pur-
suant to Contract DAAJ02-72-C-0061, Task IF162204AA8201, between

the U,S, Army Air Motility Research and Development Laboratory, Fort
Eustis, Virginia, and Hughes Helicopters (formerly Hughes Tool Company -
Aircraft Division), The OH-6A Design and Operational Flight Loads Study
presented herein was conducted at the Hughes facility, Culver City, Cal-
ifornia, from May through December 1972, USAAMRDL Technical Report
71-60, "Flight Loads Investigation of OH-6A Helicopters Operating in
Southeast Asia, ' was used as the basis tor the OH-0A operational data,
An analysis and correlation between the operational data and OH-6A engi-
neering development values were conducted from the standpoint of mission
profiles, main and tail rotor fatigue loads, and damage rates for the pur-
pose of recommending changes or additions to improve Army structural
design criteria for future observation type helicopters, The effort was
performed in five tasks,

The OH-6A aircraft is basically an all-metal, single-engine, rotary-wing
aircraft, It is powered by a T63-A.5A turbine engine driving a four-bladed
main rotor and a tail-mounted antitorque rotor through a two-stage, speed
reduction transmission, The aircraft is equipped with shock-absorbing
landing skids, Primarily an observation aircraft, it is capable of carry-
ing a pilot and three passengers (one of whom may act as a crewmember,
copilot, or observer), cargo, or armament subsystem, The aircraft can
be equipped with armor for combat operations and can also be used for
target acquisition, reconnaissance, and command and control, Dual con-
trol provisions allow the aircraft to be flown from either the left- or right-
hand pilots compartment seat,



TASK I - MISSION PROFILE COMPARISON

INTRODU CTION

A mission profile or spectrum consists of a complete list of conditions
simulating every type of situation likely to he encountered by a particular
type of helicopter according to the intendec usage; for example, utility,
attack, and so forth, The portion of time spent in each condition or per-
centage of occurrence must be specified. In this discussion, three levels
are used for presentation of the mission profile data: (1) mission segments -
this breakdown combines all test conditions into four general categories;

(2) basic conditions - this intermediate level breakdown lists specific, yet
broad, test conditions within each mission segment; and (3) detailed condi-
tions - a further expansion into a detailed condition spectrum, The detailed
conditions comprise all of the actual data points required for a structural
flight test and fatigue analysis, accounting for rotor rpm, density altitude
and other appropriate effects required in establishing the specific test point.
Several mission profiles are presented and compared.

MISSION PROFILE DETERMINATION

Design Mission Profile

The mission profile used for testing and structural analyses during the
design and development of the OH-6A helicopter is described in Reference 2.
Table I presents basic conditions according to mission segment (Refer-
ence 3)* along with the applicable percentage of occurrence. The basic
conditions of this spectrum were obtained from Reference 4. Tablell
presents the detailed conditions along with percentage of occurrence for
each, Airspeed, rpm and other pertinent detailed condition information

are also shown,

*Reference 3 has been used for guidance wherever a particular mission
segment was converted into basic conditions (or vice versa) inasmuch
as a relationship between the two is shown therein,
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TABLE II. MISSION PROFILES ~ DETAILED CONDITIONS

Basic Condition Design Percentage Operational Percentage
Detailed Condition Airspeed REM Remarke of Occurrence of Occurrence
L 2, Maximum performance takeotf 0,50 0. 9200
1 0 Maximum 0, 500 0. 9200
b, Climb (takeolf power) 2,00 1. 7700
1. Best rate of climb Maximum 2, 000 0, 8850
2, Best rate of climb Minimum 0. 8850
Climb (maximum continuous power) 4, 00 9. 3100
3 Best.rate of climb Maximuin ] 4, 000 4. 6550
4. Best rate of climb  Minimum 4, 6550

n a Longitudinal, lateral and peda}
feversal, hover Control Motion 1,50 1.2700

1. Longitudinal reve; sal, hover, rapid 0 Maximum 125% I 0, 150 0. 0944
2, longitudinal reversal, hver, rapid 0 Minimum 225% 0.0944
3, longitudinal reversal, hover, slow [} Maximum +25% r 0, 350 0.223)
4. Longitudinal reversal, hover, slow 0 Minimum +25% 0,221)
5. lateral reversal, hover, rapid 0 Maximum £259, 0, 150 0. 0944
6. lateral reversal, hover, rapid [] Minimum +25% r 0.0944
7. lateral reversal, hover, slow [} Maximum 225% r 0. 350 0.223;
6, Lateral reversal, hover, slow o Minimum 225% 0,223)
9. Padal reversal, hover, rapid 0 Maximum 425% l 0. 150 -
10, Pedal reversal, hover, rapid 0 Minimum +25% -
1), Pedal reversal, hover, slow 0 Maximum 125% I 0. 350 -
12. Pedal reversal, hover, slow ] Minimum 225% -

b,  Turn, hover Direction 0. 6300
1. Turn, hover, rapid 0 Maximum Right - 0.09%
2. Turn, hover, rapid [ Minimum Right - 0.0936
3. Turn, hover, slow [} Maximum Right - 0,2214
4. Turn, hover, alow [ Minimum Right - 0,2214

c.  Right turn 3, 00 31,6100
1. Buildup g 0.3 VNE Maximum 1. 000 1.0740
2. Buildup g 0.3 Vng Minimum I 1.0740
3, Maximum g 0.3 VNg Maximum - 0.0t07
4. Maximum g 0.3 YNE Minimum - 0.0107
5. Buildup g 0.6 Vyp Maximum 1.000 0. 3495
6, Buildup g 0.6 Vnp Minimum 0, 3495
7, Maximum g 0.6 Vg Maximum - 0.0107
8. Maximum g 0,6 VNE Miaimum - - 0,0107
9. Buildup g 0.9 VNE Maximum - 0.3430
10, Buildup g 0.9 Vg Minimum - 0.3430
11, Buildup g 0.9 YNE Maximum I 0. 965 0. 0064
12, Buildup g 0.9 Vg Minimum 0.0064
13, Maximum g 0.9 VNp Maximum l 0, 035 0.0107
14, Maximum g 0.9 VNg Minimum 0.0107
Left turn 3,00 3. 6100
1S, Buildup g 0.3 vNg Maximum ] 1. 000 1.0740
16, Buildup g 0.3 VNg Minimum 1.0740
17. Mazimum g 0.3 Vg Maximum - 0.0107
18, Maximum g 0,3 Vnp Minimum - 0.0107
19, Buildup g 0.6 Vg Maximum I 1. 000 0.3495
20, Buildup g 0.6 Vg Minimum 0.3495
2l, Maximum g 0.6 VNp Maximum - 0,0l07

22, Maximum g 0.6 Viyp Minimum - 0,0107
23, Buildupg 0.9 Vyp Maximum - 0.3430
24, Builuup g 0.9 VN Minimum 0, 3430
25, Buildup g 0,9 vy Maximum I 0, 965 0.0064
26, Buildup g 0,9 VNE Minimum 0. 0064
27, Maximum g 0.9 Vng Maximum I 0,035 0,0107
28, Maximum g 0.9 VNg Minimum 0, 0107

d.  Autorotation entry 1.50 1. 8900
1 0.3 VNg Maximum I 0. 100 0.31%0
2, 0.3 VNg Minimum 0,115
3, 0.6 VNE Maxzimum ] 1. 300 0,3150
(8 0,6 Vyop Minimum 0.3150
S. 0.9 VNg Maximum I 0, 100 0.3150
6, 0.9 Vpp Minimum 0.3150

.  Pullup 1,00 1. 2000
Y. Buiidup g 0.7 Vg, 5 Vg Maximum l 0,500 04757
2. Bulldup g 0.7 Vnp, 5 VNE Minimum 0, 4757
3. Maximum g 0.5 vyp Maximum - 0,004
4, Maximum g 0.5 YNE Minimum - 0,0043
5. Buildup g 0,9 Vg Maximum - 0.llte
6, Buildup g 0.9 Vg Minimum - .14
7. Bulldup g 0.9 VNE Maximum ' 0, 465 0, 0043
8. Buildup g 0.9 VNE Minimum 0, 0043
9. Mawimum g 0.9 Vg Maximum l 0, 035 0.0043
0. Maximum g 0.9 Vyg Minimum 0,0043

f.  Longitudinal, laters] and pedal

reversal Control Motion 1.50 1. 8%00
1. longitudinal reversal, rapid VNE. Vi Maximum A25% ) 0, 150 0, 0940

2. longitudinal reversal, rapid VNE. VH Minimum 425% 0. 0940

3. Longitudinal reve VNE. Vy Maximum 225% l 0, 350 0,2210

4. longitudina} VNE: V4 Minimum 425% 0.2210

5. Lateral reversal, rapid VNE: VH Maximum 225% l 0,150 0. 0940

6. lateral reversal, rapid VNE, VR Minimum 225% 0,0940

7. lateral reversal, slow M A Musimum 225% 0, 350 0, 2210

3. Llateral reversal, slow VNE‘ A\ M nimum 225% I 0, 2210




TABLE 1l — Continued

Basic Condition
Detailed Condition

ua f

Je

i,

1 a.

o,

9, Pedal re . vapid
10. Pedal reversal, rapid
11, Pedal rsal, slow
12, Pedal revereal, slow
Simulated Power Failure

Pushover
1, Minimum g
2. Minimum g
3. Minimum g
4. Minimum g
5, Minimum g
6. Minimum g

Power recavery from autorotation
1,

2,

Right turn, autorotation
1. Buildup g
2. Buildup g
3, Maximum g
4, Mazimum g
5. Buildup g
6. Buildup g
7. Maximum g
8, Maximum g
9. Buildup g

10, Buildup g

1}, Maximum g

12, Mazimum g

Left turn, autarotation

13, Buildupg

14, Buildup g

15, Maximum g

16, Maximum g

17. Buildup g

18, Buildup g

19. Mazximum g

20, Maximum g

2], Buildupg

22, Buildup g

23, Maximum g

24, Maximum g

Longitudinal, lateral and pedal reversal,

autorotation
1, lLongitudinal reversal, rapid
2, Longitudinal rever rapid
3, Longitudinal rever slow
4. longitudinal reversal, slow

7. lateral reversal, slow
B, Lateral reversal, slow
9. Pedal reversal, rapid
10. Pedal reversal, rapid

1l. Pedal revers rapid
12, Pedal reversal, rapid
13, Pedal reversal, sluw
14, Pedal reversal, slow
15, Pedal reversa;
16, Pedal reversal, slow
Pullup, autorotation

1. Buildup g

2, Buildupg

3, Maximum g

4, Maximum g

5. Buildup g

6, Buildup g

7. Maximum g

8, Maximum g

Partial power descent
L.

2,
3 includes vertical deacent,
" zero forward speed
5' [vartex ring wtate)
3
b,

Rapid transition and flare
2,

Approach to hover
3,
4.

5. Mnfferent pilot than 3 and 4
6, Different pilot than 3 and 4

Deeign Parcontage

Operational Percentage

Alrepeed RPM Remarks of Occurrence of Occurrence
VNE: YH Maximum 225% I 0. 1500 0. 0940
VNE: YH Minimum 225% 0. 0940
Ve VH Maximum £25% I 0, 3500 0, 2210
VNE VH Minimum 825% 0,2210
Density Altitude (Hd) 0, 1000 0, 1300
VNE Minimum 3,000 ft 0. 0900 0.1040
VNE Minimum 7,000 1 0, 0075 0. 0200
VNE Minimum 11,000 1t 0, 0025 0, 0060
o 0. 6400
0.3 VNE Maximum O 0. 1900
0.3 VYNE Minimum - 0. 1900
0,6 Vng Maximum o 0. 0650
0.6 Vg Minimum Q 0, 0650
0.9 VNg Maximum - 0, 0650
0.9 Vng Minimum © 0, 0650
0,5000 0. 6400
0.5 VNE Maximum } 0,50 0, 3200
0.5 VNE Minimum 0. 3200
1. 0000 1, 2000
0.3 Vyg Maximum - 0. 6416
0.3 VNE Minimum = 0.0713
0.3 Vg Maximum } 0.3333 0. 0064
0,3 Vg Minimum 0. 0007
0.6 Vi Maximum - 0. 2096
0,6 VN Minimum - 0,0233
0.6 VNg Maximum } 0.3333 0.0064
0,6 Vg Minimum 0. 0007
0.9 Vnp Maximum - 0, 2096
0.9 Vg Minimum - 0.0213
0.9 VNE Maximum } 0, 3332 0. 0064
0.9 Vg Minimum 0, 0007
1, 0000 1,.000
0.3 VN Maximum - 0. 6416
0,3 Vg Minimum 0,073
0.3 VNg Maximum ] 0,3333 0.0064
0.3 Vnp Minimum 0. 0007
0.6 VNE Maximum - 0.2096
0.6 VNg Minimum - 0.0233
0.6 Vg Maximum I 0, 3333 0.0064
0.6 VNE Minimum 0. 0007
0.9 Vg Maximum - 0, 2096
0.9 VNE Minimum - 0.0233
0.9 VNE Maximum I 0,333 o, O'O(M
0.9 Vng Minimum 0, 0007
Control Motioa
1.5000 1. 8900
Vg 05 VNg Maximum s25% I 0,1500 0. 1693
Vng: 0.5 VNE Minimum 225% 0.0188 0. 0220
Vg %5 VNE Maximum 225% ] 0, 3500 0. 4002
VNE' 05 VNE Min  um 225% 0,0445
Vag: 0.5 VNE Ma unum 125% I 0, 1500 0.1693
Vngr 0.5 VNE Minimum 225% 0,0188
Vg 05 Vg Maximum £25% ], 0, 3500 0, 4002
YNE: -5 VNE Minimum 125% 0. 0445
0, VNE Maximum 225% 0. 1685
VNE Maximum +25% 0, 1000 -
0.5 VNE Minimum 125% 0, oolo, 0,0188
VNE Minimum 425%
0.5 Vg Maximum £25% 0.3934
A Maximum 125% 0, 3950, -
0. NE Minimum 225% 0, 0040 0, 0436
VNE Minimum £25% -
1. 0000 1.2000
0,5 VNE Maximum - 0, 8563
0.5 Vng Minimum - 0,0951
0.5 Vy Maximum - 0,0077
0.5 VNg Minimum - 0. 0009
0.9 VNg Maximum ] 0, 9000 0, 2083
0.9 VNE Minimum 0, 0231
0.9 Vng Maximum 0. 1000 0.0077
0.9 Vg Minimum ] 0, 0009
2, 0000 3, 4300
30 knots to 0 Maximum 2, 0000 -
30 knote to 0 Minimum ] =
30 knots Maximum - 1.5450
30 knots Minimum - 1.5450
0 Maximum - 0.1700
[ Minimum - 0.1700
3. 0000 2, 5700
Oto 0,5 Vi to O Maximum 2, 0000 1,7100
0to 0,5V to 0 Minimum 1, 0000 0, 8600
- 2,5700
0 Maximum o 0, 8550
0 Minimum o 0, 4300
o Maximum - 0, 8550
o Minimum = 0, 4300




TABLE 1l ~ Continued

Baeic Condition

Design Percentage

Operational Percenmage|

Detailed Condition Airspeed RPM Remarks nf Occurrence of Occurrence
Il c¢. Autorotation landing 2. 0000 3, 4300
I 0 o 2, 0000 3, 4300
IV a. Start 0,2500 0, 2300
1. Engine start and rpm sweep ] 0 to Maxtmum 0.2500 0. 2300
Shutdown 0,2500 a.2300
2, Shutdown to rotor stopped 0 Maximum to 0 0, 2500 0, 2300
b, Hover, IGE 0.5000 0.4300
1. IGE o Maximum ] 0, 5000 G, 2150
2. IGE o Minimum 0,210
Hover, OGE - 0. 0300
3., OGE 0 Maximum - 0, 0150
4. OGE 0 Minimum - 0. 0150
c, Level flight ~ 20% Vyp 1. 0000 0.9200
I 0.2 Vg Maximum 3,000 ft Hy ] 0. 8000 0. 36H0
2, 0,2 YNE Minimum 3,000 ft Hy 0, 3680
3. 0,2 VNg Maximum 7,000 fe Hy ] 0. 1500 0, 0690
4. 0.2 VNE Minimum 7,000 ft Hy 0. 0690
5. 0.2 VNE Maximum 11,000 ft Hy } 0. 0500 0, 0230
6. 0.2 VNE Minimum 11,000 ft Hy 0, 0230
Level Flight ~ 40% VNE 3, 0000 1. 6500
1, 0.4 VNE Maximum 3,000 ft Hy ] 2, 4000 0, 6600
8. 0.4 Vg Minimum 3,000 ft Hy 0. 6600
9. 0.4 VNE Maximurn 7,000 ft Hy ] 0. 4500 0.1248
10, 0,4 VNE Mimimum 7,000 ft Hy 0,1237
| il 0.4 Vnp Maximum 11,000 ft Hy ] 0. 1500 0.0413
12, 0.4 Vng Minimum 11,000 ft Hy 0.0412
Level Flight ~ 60% VNE 18, 0000 0, 6600
13, 1,15 g pullup 0.6 Vyp Maximum 3,000 ft Hy ] 14,4000 0, 2640
! 14, 1,15 g pullup 0.6 VNE Minimum 3,000 ft lld 0, 2640
15, 1,15 g pullup 0.6 Vi Maximum 7,000 ft Hy ] 2, 7000 0.0495
16 1,15 g pullup 0,6 VNgE Mintmum 7,000 It Hy 0, 0495
17, 1,15 g pullup 0.6 YNE Maximum 11,000 ft Hy } 0, 9000 0,0165
18, 1,15 g pullup 0,6 Vg Mimimum 11,00 fr Hy 0.0165
level Flight~ 80% VNE 25, 3000 24,1000
19, 1,15 g pullup, 1. 30 g pullup 0.8 Vpp Maximurm 3,000 it Hy I 20, 3000 9.2400
20, 1,15 g pullup, 1.30 g pullup 0.8 VNp Minimum 3,000 fr Hy 9, 2400
21. 1.15 g pullup 0.8 Vg Maximum 7,000 ft Hy 3, 7500 1.71326
22, 1,15 g pullup 0.8 Vyp Minimum 7,000 ft Hy 11324
23, 1,15 g pullup 0.8 VNE Maximum 11,000 ft Hy ] 1, 2500 0,5776
24, 1,15 g pullup 0.8 VNg Minimum 11,000 ft Hy 0,5774
Level Flight ~ Vy 15. 0000 20,9600
25, 1,10 g pullup VH Maximum 3,000 ft Hy I 12, 0000 8. 31840
26. 1,10 g pullup i Minimum 3,000 ft Hy R, 3840
27. 1,10 g pullup Vi Maximum 7,000 ft Hy } 2, 2500 1, 5721
28, 1,10 g pullup Vit Minimum 7,000 ft Hy 1.5719
29, 1.10 g pullup vy Maximum 11,000 ft Hy ] 0, 7500 0.5241
30, 1.10 g pullup Vi Minim +) 11,000 ft Hy (1}, GYN@
VNE 3. 0000 4.1900
31, 1,10 g pullup VNE Maximum 3,000t Hy ] 2, 4000 1.6760
32, 1,10 g pullup VNE Minimum 3,000 ft Hy 1.6760
33, 1,10 ¢ pullup VNE Maximum 7,000 ft Hy ] 0, 4500 0.3142
34, 1,10¢ pullup VNE Manimum 7,000 fr Hy 0.3142
35, 1,10 g pullup VNE Maximum 11,000 ft Hy ] 0, 1500 0, 1048
36, 1,10 g pullup VNE Minimum 11,000 ft Hy 0,1048
111% vy 0, 6000 0,1600
37, 1H% vNg Maximun, 3,000 ft Hy 0, 3200 0, 0640
38, 111% Vg Mirimiun 3,000 ft Hy 0, 1800 G, 1640
39, 1% Ve Mas. mum 7,000 ft Hy 0, 0600 o.c12)
40, 111% VNe Minimum 7,000 ft Hy 0, 0150 0 oll9
41, 1% ' NE Maximum 11,000 ft Hy 0, 0200 . 0041
42, 1% YNE Minimum 11,000 ft Hy 0. 0050 0,001
d. Sideward Flight 0, 5000 0. 4600
1. Right sideward 0 to 35 knots Maximum -
2, Right videward 0 to 35 knots Minimum 0, 5000 -
3. left sideward 0 to 35 knots Maximum * -
4, Left sideward 0 to 3 knots Minimum -
S. Right sideward 5 mph Maximum - 08,0578
t. Right sideward 5 mph Minimum - 0, 0568
7. Right sideward 10 mph Maximum o 0,0278
8, Right sideward 10 mph Minimum - 0, 02718
9, Right sideward 15 mph Maximum o 0.0160
10. Right sideward 15 mph Minimum - 0.0160
11, Right stdeward 20 mph Maximum - 0, 00%0
12, Right sideward 20 mph Minimum - 0, 0096
13. Right sideward 25 mph Maximum = 0,0043%
14, Right sideward 25 mph Minimum - 80003
15, Left sideward 5 mph Maximum - 0, 0578
16, Left sideward S mph Minimum - 0,054
17, Left sideward 10 mph Maximum - [ I L
18, Left sideward 10 mph Minimum o 0,02/H
19, left sideward 15 iaph Mazimum - 0,0160
20, Left sideward 1S mph Minin.um - 0,060
21, Lleft sideward 20 mph Maximu.n - 0. 0096
22, left sideward 20 mph Minimum - 0, 0036
23, left sideward 25 mph Maximum - 0, 0043
24, Left sideward 25 mph Minimurn o 0, 0043




r_ TABLE 1l = Continued
Basic Conditivn Design Percentage Uperational Percentage
Detailed Condition Arwrsperd REM Remarks f Occurrence uf Occurrence
b ——
IV i Rearward flight 0,5000 n, 3600
25, Rearward 0 to 3% knots Maxjmum 0,50 o
26, Rearward @ tu 35 knots Minimum } -
27, Rearward 5 mph Maximum - [N EL]
! 28, Rearward 5 mph Minimum - 0,045
29, Rearward 10 mph Maximum - 0, 0666
3. Rearward 10 mph Minimum - 0, 085 .
31. Rearward 15 mph Maximum - 0,087t
32, Rearward 15 niph Minimum o 0.0%21
33, Rearward 20 mph Maximum - n, 0 K2
34, Rearward 20 mph Minimum - 0, 0182
35, Rearward 25 mph Maximum - n, 006
36, Rearward 25 mph Minimum - 0, 0096
®. Auterotation 2, 0000 1, 5200
t 0,5 VNE, 0.6 VNE  Maximum 3,000 1t Hy 1,8000 1.2402
2, 0,5 VNE, 0.6 VNE  Minimum 3,000 ft Hy 0, 1364
3 111% VNE Maximum 3,000 ft Hy 0 0
4 VNE 105% Maximum 3,000 ft Hy [ n
5. 1% VNE Minimum 3,000 ft Hy o 0
b, VNE Minimum 3,000 ft Hy 0, 0BOO 0, 060K
? VNE 95% Minimum 3,000 ft Hg [ 0
8 VNE Maximum 3,000 ft Hy 0, N800 0,060
% HI1% VN Maximum 7,000 ft Hy 0 ]
19, VNE 105% Maximum 7,000 ft Hy [ 0
i, % Vg Minimum 7,000 it Hy [ o
12, VNE 95% Minimum 7,000 (t Hy 0 o
13, VNE Maximum 7,000 1 Hy 0,050 0,014
14, HI% Vg Maximum 11,000 ft Hy o o
15, VaE 105% Maximum 11,000 f¢t Hy o 0
1. 111% vy Minimum 11,000 &t Hy 4 0
17, YNE 95% Minimum 11,000 ft Hy [4 o
18, VNE Maximum 11,000 ft Hy ©, 0050 0,00%9
19, Gross weight = minimum with
instrumentation VNE Mintmum 11,000 ft Hy 0, D150 0.0l
20, Gross weight = midway between
above and maximum Vng Minimum 7,000 ft Hy 0, 0050 0, 004x
NOTES (1) fraces | | ) indticate that the percentage of occurrence shawn s the total for the conditions ko marked.

Operational Missicn Profile

The initial step in deriving a spectrum based on the OH-6A operational
data would ordinarily be one of distributing the time of the four mission
segments (discussed in Reference 1) into basic conditions, However,
prior to developing a breakdown of each mission segment into basic con-
ditions, a preliminary evaluation of Reference 1 revealed a questionable
statistic; that is, percentage of occurrence in the maneuver mission seg-
ment was 51 percent., In view of previous Hughes experience, the figure
appeared substantially greater than expected. The mission segment defi-
nitions presented in Reference 2 are quite vague, Furthermore, the
method used to determine the mission segment to which each specific
portion of test data was assigned, is not adequately explained.

Consequently, an analysis was conducted to explain the large percentage
of time spent in the maneuver mission segment, Figure 12,c of Refer-
ence 1 shows that 0,02 hour was required to reach or exceed 1, 3g, The
number of occurrences that reach or exceed 1, 3g is the reciprocal of this
time and is, therefore, known for any specified time period; for example,
50, 000 occurrences in 1000 hours of maneuver mission segment time,




The basic conditions that contribute load factors in excess of 1, 3g are
turns, pullups and longitudinal reversals in forward flight, Based on an
evaluation of typical flight conditions by Hughes test pilots during several
programs, the duration of these maneuvers is assumed to be 6, 3 and 3
seconds, respectively. According to design data, turns account for 73
percent of the occurrences, pullups and reversals the remaining 27 per-
cent, ¥*% Using this information, calculations were made to determine

the total time that might reasonably be expected to be spent in the afore-
mentioned load factor-producing conditions in 1000 hours of mission
profile time, This calculated percentage of occurrence is 3, 7 percent
and covers all load factor occurrences equal to or greater than 1, 3g in
the operational maneuver mission segment, The design mission profile
data presented in Table I indicate that 66 percent of the time in the
maneuver mission segment is spent in turns, pullups and forward flight
longitudinal reversals, Applying this factor to the 51 percent time indi-
cated for the total operational maneuver mission segment means that 33,7
percent of the time is used for turns, pullups and longitudinal reversals
according to the definitions stated in Reference 1. Of this, 3,7 percent
(as calculated above) is at 1, 3g or greater. Therefore, the remaining

30 percent of the time (33.7 percent - 3, 7 percent) must be spent in mild
turns, pullups and reversal maneuvers where the load factor is less than
1. 32. Mild maneuvers of this type have been covered as part of the steady-
state mission segment conditions in previous Hughes spectrum analyses,
Consequently, the maneuver mission segment percentage of occurrence
has been reduced by 30 percent; that is, from 51 percent to 21 percent,
and the steady-state segment increased by 30 percent, from 25 to 55 per-
cent, The adjusted operational percentage of occurrence values for all
four mission segments are shown in Table I,

Basic conditions for the operational spectrum are listed under the appro-
priate mission segment in Table I, The conditions are identical to the
design basic conditions with minor exceptions as noted., The mission
segme it percent time has been distributed among the appropriate basic
conditions,

For the operational ascent mission segment, the basic condition percent-
age of occurrence were determined by ratioing the design basic condition
values by the operational and design spectrum ascent segment totals; that

*tFrom Table I (design profile), turns percentage of occurrence = 3 + 3 +
1+1=8or 73 percent of 11 percent total, and pullups and longitudinal
reversal (one-third of reversals) percentage of occurrence = 1 + 0.5 +
0.5+ 1 =3 or 27 percent of 11 percent total,



is, 12/6.5. However, the time split for the takeoff and maximum con-
tinuous power climb conditions was further adjusted based on Figure 10, a
of Reference 1, which shows engine torque versus percentage of time

for the ascent segment,

To obtain an operational spectrum percentage of occurrence for the basic
conditions shown under the maneuver mission segment in Table I, the
basic condition percentage of occurrence values from the design column
were ratioed by the operational and design maneuver mission segment
figures, 21.0/16. 5. The design values prior to modification were as
shown in Table I, except as discussed below,

Hover turns were assigned the 0, 5 percent previously applied to hover
pedal reversals, As was determined during OH-6A developmental tests,
the hover turn which is, in fact, a slow pedal reversal, is considered to
be a more critical and realistic test condition, Since the pushover man-
euver was not accounted for in the original OH-6A development spectrum,
a percentage of occurrence for pushovers was determined by using Figure
12, c of Reference 1. Using an analysis technique similar to that pre-
viously discussed for turns, pullups and reversals, and covering all push-
overs with load factors less than 0,8g, a 0.5 percentage of occurrence
was calculated. The design values for turns and pullups were proportion-
ally reduced in order to provide the time allotted to pushovers.

The design percentage of occurrence figures were ratioed by 12/7 (tech-
nique similar to ascent segment) to obtain the operational descent mission
segment basic condition values, The design mission profile rapid transi-
tion and flare basic condition was expanded to include an approach to hover.
The 3-percent occurrence noted in the design column was split between

the two conditions before the calculations were performed, based on pre-
vious Hughes experience,

The curve of cumulative percentage of time versus airspeed was created
from the steady-state mission segment data of Reference 1 (refer to
Figure 1). Specific airspeed ranges defined by the basic conditions were
identified, and a percentage of occurrence was assigned to each condition
based on the time spent in that speed range. Based on the wide range of
gross weights, rpm's and altitudes shown in Reference 1, the maximum
level flight airspeed (V) will be considered equal to the never exceed
airspeed (VNE). Design spectrum basic condition ratios were employed,
to determine the autorotation and zero airspeed (ground, hover, side-
ward and rearward) condition percentage of occurrences, The hover out

10
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Figure 1. Cumulative Airspeed Data - Steady-State Mission Segment,
of ground effect (OGE) basic condition was added to the original design

spectrum, The ratio used for hover in ground effect (IGE) to OGE was
taken from Reference 5,
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A listing of the detailed conditions for the operational! mission profile is
presented in Table II. The design mission profile data, subsequent Hughes
spectrum analysis and Reference | were used as aids in defining the de-
tailed conditions and percentage of occurrences for the operational mis-
sion profile. Table III contains an explanation of the operational spectrum
detailed conditions percentage of occurrence distribution,

AR-56 Mission Profile

The utility helicopter spectrum was selected from the several available
in Reference 6 as being the most appropriate for this presentation. The
basic conditions shown in the reference material are divided between
maneuvers per one hundred flight hours and percentage of service life
conditions, The AR-56 spectrum data shown on Table I were obtained

by converting the former to time required, then combinins them with the
time for the percentage of service life conditions, and finally ratioing all
of the combined conditions to 100 percent occurrence, The procedure is
shown in Table IV,

Detailed conditions are not shown for this mission profile or the one
described in the following paragraph inasmuch as the breakdown from
basic to detailed conditions would be the same as that for the operational
mission profile, The basic condition percentage of occurrences would be
proportionally distributed the same as in the operational breakdown,

AMCP 706-203 Mission Profile

Table I shows the AMCP 706-203 spectrum mission segments and basic
conditions from Reference 5 in the final section. The conditions descrip-
tions have been reworded in order to make them compatible with the single
engine helicopter data presented in the rest of the table.

MISSION PROFILE COMPARISON

Tables I and II, which present the mission profile data from the four sources
discussed earlier, were organized in a manner to enable direct compari-
sons of the spectrums. In Table ], the basic conditions within each mission
segment have been alphabetized in related sets. The mission segment and
basic condition comparisons that follow refer to Table I. The detailed
condition comparison is based on Table II.

Mission Segment Breakdown

Comparing the percentage of occurrence values of the mission segment
headings, the design spectrum most nearly matches the operational data,

12



TABLE IIL,

DETAILED OPERATIONAL SPECTRUM CONDITIONS PERCENTAGE OF OCCURRENCE DISTRIBUTION

Table I
Item Numbers

Parameter

Percentage of Occurrence

Distribution

Explanation

As applicable

{except I~a and UI-b)

All {except II-g, IV-c)

As applicable (except
Il-e, 3, 4, 9, 10and

mi, 3, 4,7,8)

I-a

1I-a, H-f, lI-k

Il-a, 1lI-b, iI-j,
1=k

*ll-c, II-1

*ll-c, ll-e, li-j, 1I-1

*ll-e 3, 4, 9, 10
I11-13, 4,7, 8

1-g, IV<c

*Il-h

*1-j, Il-k, I, lv-e

*Il-a

-b

*]V-d

IV-e

Power on rpm

Altitude

Gross weight

rpm

Control motion

Reversal and hovcr turn
rate

Airspeed

Load factor

Gross weight

Density altitude

Load factor

Autorotation rpm

Airspeed

rpm

Airspeed

Percent Occurrence

Maximum ~ 50%
Minimum ~ 50%

Sea level -
3000 ft Hy ~ 100%

2400 1b ~ 100%

Maximum ~ 100%

+25% ~ 100%

Rapid ~ 70%
Slow ~ 30%

Per Figure 2

Per Table V

220" 1b ~ 100%

3000 ft Hy ~ 80%
7000 ft Hg ~ 15%
11000 ft Hy ~ 5%

Minimum g (0. 2)
~ 100%

Maximum ~ 90%
Minimum ~ 10%

30 knots ~ 90%
0 knots ~ 10%

Maximum ~ 66-2/3%

Minimum ~ 33-1/3%

5 mph ~ 50%
10 mph ~ 24%
15 mph ~ 14%
20 mph ~ 8%
25 mph ~ 4%

Zero

Based on design spectrum,. Referencel

Figure 6 rpm versus time shows poor selection
of rpm "bins", also 3 0 variation (accuracy) is
46 rpm which is greater than :1%,

Based on design da a which essentially matches
Reference 1 , Figure 7 shows that over 90% of
the time is spent Letween 0 and 4000 ft,

Reference |, Figure 5 shows over two-thirds of
time spent below 2400 l1b. Not practical to
expand further and add additional points to
spectrum,

Recommended flight manual procedure for
takeoff,

Based on design data. The Reference | data
which shows cyclic peaks of - 407 control motion
is inconclusive in that the maximum is not given,

Based on design data,

Airspeed data from Reference |, Figure 11.b,

Based on load factor exceedance data of
Reference |, Figure 12.c,

Reference | shows maximum g maneuvers at
reduced gross weight,

The design spectrum breakdown shown at left
yields approximately 9% of occurrence at > 4000 {t
which is conservative compared to the altitude
data of Reference |, Figure 7.

To cover load factor exceedance data of
Reference 1|, Figure 12.c,

Bulk of time (84%) spent at high gross weight

{> 2200 1b) which requires high autorotation rpm.
Also, Reference 1, Figure 6 shows 3% of time at
rpm > 490, only 0, 1% of time at rpm < 4¢£0,

Determined to be more realistic than design
breakdown by pilots during Hughes developmental
tests,

Higher rpm recommended for this type of opera-
tion due to added safety margin is weighted more
heavily.

Determined to be more realistic than design
condition for simulation of hovering in sidewind
conditions,

Conditions so noted are demonstration points
required by the FAA,

*Indicates detailed condition distribution different than corresponding design spectrum detailed condition distribution,
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TARBLE IV, AR-56 SPECTRUM — CONVERSION TO BASIC CONDITIONS PERCENTAGE
OF OCCURRENCE (Data From Reference 6)

A, MANEUVER PER 100 FLIGHT HOURS CONDITIONS

Maneuvers / Maneuver Percentage of
Condition 100 Hours Duration-Seconds Time=-Seconds Occurrence
Takeoff 100 10 4, 000 0. 98
Turns Hovering 1,000 6 6, 000 1.47
Control Reversals 1,000 3 3, 000 0.73
Hovering

Landing Approach 500 25 12,500 3,06
Partial Power Descent 500 40 20, 000 4,89
Control Reversals 800 3 2,400 0.59
Pullups 250 3 750 0.18
Power to Autorotation 40 3 120 0,03
Autorotation to Power 40 3 120 0,03
Auto, = Pullups 40 3 120 0,03

49, 010 11,99 Total A

49,010 seconds = 13, 6 hours (from A)
Add 100 hours (from B) = 113, 6 hours, combined time percentage of occurrence basis

B. PERCENTAGE OF SERVICE LIFE CONDITIONS

Percentage of ik

Condition Percent Occurrence
Ground 1.0 0.88
Hovering 10,0 8.80
Sideward 1,0 0,88
Rearward 0.5 0, 44
20% Vy 5,0 4,40
40% Vy 5.0 4,40
50% VH 2,0 1.76
60% VH 8.0 7.04
70% VH 10,0 8.80
80% Vi 15,0 13,20
90% Vy 18,0 15.85
100% Vi 10,0 8.80
115% vy 1.0 0.88
Takeoff Power Climb 1.0 0,88
Full Power Climb 3.0 2. 64
Dives 2.5 2,20
Right Turns 2.5 2.20
left Turns 2.5 2,20
Autorotation 1.0 0.88
Auto, = Left Turn 0.2 0,18
Auto, =~ Right Turn 0,2 0,18
Auto, =~ Control Reversals 0.3 0,26
Auto., Landing 0, 3 0,26
100, 0 88,01 Total B

#*Same as Hughes design data

“kRatio 100/113, 6

14




whereas the AMCP 706-203 spectrum shows the poorest comparison, The
time spent in the maneuver mission segment during the latter is consider-
ably lower than for the other spectra,

The most notable difference between the operational spectrum and the
others, from a mission segment standpoint, is the greater percentage of
time spent in maneuvers (and less in steady state) operationally than pre-
dicted by the three analytical profiles.

Basic Conditions

The operational spectrum contains the most complete listing of basic con-
ditions as reflected by current Hughes mission profile knowledge. Several
basic conditions have been added to the operational spectrum which do not
appear in the original design spectrum presented. The basic conditions
are hovering turns, pushovers, approach to hover and hover OGE.

The basic condition definitions from the AR-56 (Reference 6) spectrum
match up well against the common definitions for the operational and design
spectrums. Basic conditions not accounted for in the AR-56 spectrum are
pushovers and simulated power failures.

The spectrum based on AMCP 706-203 (Reference 5) excludes several basic
conditions that should be part of a complete mission profile. The conditions
are simulated power failure, and turns, pullups and control reversals in
autorotation. The terminology used for basic condition identification would
seem to be mc e indicative of a combat vehicle, but such is not the case as
was shown previously by the comparatively low amount of time spent in the
maneuver mission segment,

Other than the basic condition deletions already mentioned, the most signifi-
cant differences between the mission profiles from a basic condition per-
centage of occurrence standpoint are as follows:

1. The AR-56 and AMCP 706-203 spectra show an extremely low
amount of time spent in autoratation.

2. The hover condition in the AR-56 spectrum appears to have an
excessively large percentage of occurrence,

3. Too much time is given to the ground conditions (that is, flat
pitch, start and shutdown) in the AMCP 706-203 spectrum,
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As discussed during the derivation of the operational spectrum, the air-
speed breakdown used for the operational steady-state mission segment
basic conditions is shown in Figure 1. The design spectrum airspeeds
employed in the steady-state segment were converted to the same format
and added to the graph. A comparison of the percentage of time in each
airspeed range is available from the figure, The data show that more
time is spent in the operational spectrum in the Viy and 80 percent Vg
ranges than for the design spectrum. However, the design spectrum
actually matches up quite well against the data taken directly from Refer-
ence |l before specific airspeed ranges were identified for operational
spectrum definition,

Detailed Conditions

Differences in the detailed conditions and percentage of occurrences
between the design and operational spectra shown in Table II were brought
about for two reasons, Either Hughes gained new knowledge during OH-6A
developmental testing that justified revising the original OH-6A design
spectrum as presented herein for future programs, or operational data
included in Reference |l superceded the design data, The operational de-
tailed condition percentage of occurrence distributions, which differ from
the corresponding design detailed condition distributions, are noted by an
asterisk in Table III, The two major differences are discussed below,

A comparison of maneuver mission segment airspeeds for the operational
and design spectrums is presented in Figure 2, The design airspeed fig-
ures are quite conservative since the bulk of operational spectrum man-
euver segraent time is conducted at considerably lower airspeeds than
required by the design mission profile program, The conservatism of
the design spectrum is even more pronounced compared to the cumulative
airspeed data obtained directly from Reference 1.

Table V presents the operational spectrum load factor occurrence based
on the operational maneuver mission segment data, Also shown is the
design spectrum load factor occurrence for the same mission segment,
The design data are based on the percentage of occurrences for turns and
pullups, and the buildup and maximum g load factors that were assigned
during the OH-6A flight testing of the detailed conditions spectrum, Both
the number of occurrences and the load factor level of the design spectrum
are conservative when compared to the operational data of Reference 1,
The number of occurrences for the operational spectrum exceeds the design
values due to the basic condition percentage of occurrence calculations
which were discussed earlier in this task,
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OPERATIONAL, REFERENCE 1, FIGURE 11.b ~
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Figure 2. Cumulative Airspeed Data - Maneuver Mission Segment.
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TASK II - MAIN AND TAIL ROTOR FATIGUE DATA COMPARISON

INTRODU CTION

Flapwise bending of the m .n rotor (M/R) blade at the 15 percent radius is
the structural load meas' rement that determines the fatigue life of the
main rotor blade on the OH-6A Helicopter. Likewise, the resultant of
flapwise and chordwise bending moments measured at the 7-inch radius
on the tail rotor (T/R) determines the fatigue life of the tail rotor blade.
These two fatigue load measurements were selected for study in this task.
The trends evident in a study of these load parameters are indicative of
trends for other loads in the main a«nd tail rotor systems, and hence, re-
flect the effect of mission profiles on rotor system component fatigue data.
Fatigue load spectri, damage rates and service lives are presented as
part of the analysis.

FATIGUE LOAD SPECTRA

Design Mission Profile Fatigue Load Spectra

Fatigue load spectra for the main and tail rotor blades of the OH-6A heli-
copter used during engineering development testing are available in OH-6A
flight strain surveys (References 7 and 8). The data are presented for
each design spectrum detailed condition in Table VI. The design spectrum
detailed conditions were identified from Task I (Table II) as those showing
a value under the design percentage of occurrence column, The detailed
condition number shown in the first column of Table VI corresponds to the
numbering system used in the detailed condition listing (Table II), Histo-
grams of load versus frequency of occurrence for the design spectrum
using the data from the aforementioned tables are shown in Figures 3

and 4 for the main and tail rotor, respectively.

Operational Mission Profile Fatigue Load Spectra

In order to define the operational mission profile fatigue load spectra,
main and tail rotor loads had to be determined for each detailed test con-
dition showing an operational percentage of occurrence in Table II, Inas-
much as many of the operational mission profile detailed conditions match
the design detailed conditions, the loads shown in Table VI for those con-
ditions are directly applicable to both mission profiles, However, there
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hetailed
Crndition
Number

I=a 1
-6 1
t=b 2
t-b 3
I-h 4
-al
fl-a 2
fl-a 3
{l-a 4
If-a 5
il-a &
{l-a 7
1J-a 8
1l-0 @
I1-a 10
H=a b2
ea b2
11-b 1
1= 2
11-b 3
fi-b 4

TABLE VI. FATIGUE LOAD SPECTRA
{Refer to Table 11 for Percentage of Occurrence)

Detailed Detailed

) {2) Condition ({}] 2) Condition () {2)
% inch-pounds t inch-pounds Number % inch-pounds 4 inch-pounds Number ¢ inch-pounds * inch-pounds
258 286 H-c 27 1665, 1910 565, N/A -j 7 498, 290 264, N/A
283 225 11-c 28 1482, 2310 441, N/A -5 8 368, 1280 224, N/A
384 322 Il-d 1 222 216 u-j 9 410 N/A
254 176 11-d 2 178 236 1-j 10 1200 N/A
275 24 -4 3 445 233 n=-j 11 444, 1160 505, N/A
215 1-a 4 11-d 4 222 327 I-j 12 1135, 1970 280, N/A
196 H-a 4 11-d 5 529 562 11-5 13 250 N/A
182 L] -d & 600 197 11-5 14 250 N/A
223 286 Uee 871, 280 260, N/A 1= 15 283, 250 199, N/A
1490 -a b e 2 1243, 280 649, N/A 11-j 16 366, 250 274, N/A
33 H-a I-c 3 280 N/A 11-5 17 290 N/A
263 224 1l-e 4 440 N/A 11-j 18 310 N/A
281 2587 1-¢ 5 610 N/A u-; 19 476, 290 194, N/A
179 724 I-¢ & 40 N/A 1-j 20 390, 1280 309, N/A
197 702 Hee 7 503, 1320 482, N/A 11-j 21 410 N/A
223 304 I-¢ 8 1143, 1680 371, N/A {l-j 22 1200 N/A
101 567 1-¢ 9 2420, 1820 781, N/A II-§ 23 550, 1160 474, N/A
285 L3 H-v 10 1063, 2210 339, N/A 11-j 24 862, 1970 4217, N/A
-t 1-n1 -1 1 1463 558 1=k 1 469, 319 297, 163
27 658 1-f 2 762 (33} -k 2 1359, 924 647, 356
-t 3 1-bu 3 -1 3 HOO 11-f 4 1=k 3 1074, 730 246, 135
589, 250 232, N/A H-f 4 15H0 353 1I-k 4 1438, 978 -k 3
a7, 250 173, N/A -1 5 704 606 II-k 5 469, 319 350, 193
250 N/A i-f 6 998 667 -k 6 1152, 783 571, 314
250 N/A -7 832 -8 1I-k 7 725, 493 153, 84
6377, 300 329, N/A -1 8 1503 300 -k 8 1042, 709 11-k 7
th?, 360 264, N/A -9 862 879 I1-k 9 346 443
620 N/A 11-f 10 €74 788 -k 10 486 662
w0 N/A HETR]) 871 532 It-k 11 285 460
6lo N/A 1-f12 1083 838 -k 12 549 1037
0 N/A I-u ! 913 520 1I-k 13 407 132
x0l, 1320 307, N/A 1e¢ 2 508 549 II-k 14 506 466
133, 1uN0 W, N/A -u 3 37 478 11-k 15 305 306
171, 14lo 478, N/A 11-h ) 236 338 II-k 16 1078 576
awa, 2310 557, N/A 1I-h 2 -h 1 I-h 1 u-11 270 N/A
192, 2-0 187, N/A 11-h 3 405 377 =12 280 N/A
408, 250 284, N/A 1l-h 4 11-h 3 11-h 3 -13 270 N/A
250 N/A -h 5 {1-h 3 1I-h 3 11-14 710 N/A
250 N/A II-h o 11-h 3 11-h 3 11-15 553, 410 242, N/A
K79, 300 314, N/A 1-il 285 250 1-16 298, 1200 226, N/A
509, 360 261, N/A =i 2 366 278 17 553, 1070 242, N/A
620 N/A -5 1 250 N/A 1-18 298, 1570 226, N/A
990 N/A 1-5 2 250 N/A g-a ! 1266 282
6lo N/A 11-j 3 381, 250 336, N/A -a 2 1268 270
940 N/A -3 % 305, 250 215, N/A 1-a 3 469 580
390, 1320 393, N/A HU-j5 290 N/A 1l-a 4 Il-a 3 Ii-a 3
606, 16HO 497, N/A =) 6 3to N/A Hl-a 5 1689 I1-a 3
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TABLE VI — Continued

% inch-pounds

N/A®
N/A%
N/Awe
N/ AR
N/ A
N/A%
N/A%:
N/Az#
N/A
N/A:
N/A*
N/A®
309
243
N/A:
N/ A
N//\!!'l‘.ﬂt'
N/ A
N/ A%
N/A*Gt‘
N/ Azt
N/ A
N/A# 2z
N/AwE
48
402
563
478
423
233

721

% inch-pounds

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
366
224
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
145
396
479
304
271
169
191
341

Detailed Detailed
Condition (3] 2) Condition {1 {2) Coundition
Numbers % inch-pounds + inch-pounds Number ¢ inch~pounds t inch-pounds Number
i-a 6 i11-a 5 l-a 3 IV=-c 21 368 419 IV-d 13
1ll-b 1 952 244 IV-c 22 247 341 v-d 14
b 2 790 330 IV-c 23 305 3lo Ived 15
1i-b 3 1179 654 IV-c 24 3o 200 Ved lo&
11-b 4 I1-b 3 Hl-b 3 V-c 25 IV-c 31 Iv-c 31 Ived 17
i-b 5 786 175 1V=-c 26 Ve 32 IV-c 32 iv-d 18
1I-b & 1HI-b 5 11-b 5 IV-c 27 IV-c 33 IV-c 33 IV-c 19
1l-c 1 860 492 IV=-c 28 IV=c 34 IV=c 34 1v-d 20
v-al 3eé 398 Iv-c 29 IV-c 35 IV-c 35 IVec 21
Iv-a 2 390 238 IVec 30 IV=-c 36 IV=c 36 1v-d 22
1Iveb | 193 209 IV=c 31 €09 452 1Ved 23
tveb 2 218 248 IV=c 32 544 426 IV-d 24
Iv-b 3 N/A N/A IVec 33 599 372 1vV-d 25
Iv-b 4 N/A N/A IV-c 34 637 423 Iv-d 26
Vec 1 516 186 IV=c 35 397 32 1v-d 27
Ivec 2 450 3 IV=c 36 835 325 1IV-d I8
{Vec 3 327 200 IV-c 37 8lo 498 1Ved 29
IV-c 4 577 250 [V-c 38 1009 519 1v-d 30
Iv-¢c 5 305 204 V-c 39 799 490 IV-d 31
IV-c 6 637 233 1V=-c 40 1280 488 1Ved 32
tV=c 7 275 249 IVec 41 956 375 1ved 33
Iv-c 8 222 298 IVec 42 1321 413 Ived 34
IV-c 9 338 233 Iv-d | 175 334 v-d 35
IVec 10 348 260 Iv-d 2 142 273 IVed 36
Ivec 11 244 347 Iv-d 3 143 381 IVee 1
Ivec 12 391 183 IVed 4 182 401 [Vee 2
IVec 13 319 239 Iv-d 5 N/A% N/A IVee 6
Iv-c 14 378 378 IV-d 6 N/A® N/A IV=c H
IVec 15 284 378 IVed 7 N/A® N/A IVee 13
IVec 16 307 287 1Iv-d 8 N/A% N/A IV-e 18
Wec 17 288 125 1v-d 9 N/A® N/A IVer 19
IVec 18 391 208 Iv-d 10 N/A N/A IVec 20
IVec 19 339, 380 2h6, N/A Vv-d 11 N/A% N/A
IV-c 20 523, 400 486, N/A iv-d 12 N/A® N/A
~ |- —
NOTE: {1} Cyclic main rotor blade 15% radius flapwise bending moment,

(2

(3)

)

(5)

Cyclic tail rotor 7-inch radius flapwise and chordwise bending monment (resultant),

For case of two values shown, first applies to desien spectrum, second to aeperational
spectrum,

Where a detatled condition number appears in a load space, use the luad corresponding

to that detailed number,

N/A « not available,

Refer to Table VII for explanation,

#*Use maximum of conditions [Ved 1, 2
#2Use maximum of conditions IV-d 3, ¢
#¥¢Use maximum of conditions IV-d 25, 26
S -
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Figure 3. Fatigue lLoad Versus Percentage of Occurrence - Main Rotor,

are several operational detailed conditions that differ in airspeed and/or
load factor requirements fromn the corresponding design condition, Addi-
tionally, some operational conditions do not appear in the design mission
profile, Table VII lists the source used to obtain the fatigue load for all
operational conditions that do not match a design condition., The loads
data were obtained by three methods:

1, From Hughes flight test programs other than the OH-6A design
mission profile testing,

2, By application of a factor based on design spectrum data
(Table VII, Item 6),

3, From the analysis described in the following discussion., (This
analysis is applicable to the operational conditions II, c, Il, e,
11, j, II. 1, and part of IV, ¢, which differ from design conditions
in airspeed or load factor requirements, )
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Figure 4, Fatigue Load Versus Percentage of Occurrence - Tail Rotor,

In order to develop the operational main rotor fatigue load spectra for
these conditions, it was necessary to establish a relationship between the
magnitude of the design mission profile fatigue load measurements and
some generalized parameter that could be defined by a combination of the
elements of either mission profile. Table VIII presents main rotor fatigue
load data selected from OH-6A flight strain surveys along with ¥ (forward
speed divided by rotor tip speed) and CT /o (thrust /AL,P VT2 where thrust
is gross weight times load factor), These design data points were con-
verted to graphical form (Figure 5) where 15 percent flapwise bending
moment of the main rotor blade is plotted against ¥ with trend lines for
Ct/e.
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TABLE VII. OPERATIONAL SPECTRUM — FATIGUE LOAD DETERMINATION

Detailed
Item Condition Number Main Rotor* Tail Rotor*
1 II-b 1 thru II-b 4 Test program reported in Reference 9 Test program
reported in
Reference 9
2 II-c 1 thru IlI-c 28 Figure 5 N/A
3 II-e 1 thru lI-e 10 Figure 5 N/A
4 II-h 1 thru lI-h 6 Reference 10 Reference 10
5 II-j 1 thru II-j 24 Figure 5 . N/A
6 II-k 1 thru -k 8 An average ratio was obtained from conditions II-k 9,
II-k 16 which show the effect on autorotation control
reversal loads for a reduction in airspeed from V g t°
0.5 VNE® The ratio was applied to the design spectrum
loads.
7 II-1 1 thru -1 8 Figure 5 N/A
8 III-a 3 thru IlI-a 6 Reference 11 Reference 9
9 I1I-b 3 thru III-b 6 Reference 11 Reference 9
10 Iv-b 3 thru IV-b 4 N/A N/A
11 IV-c 19 and Figure 5 N/A
IV=-c 20
12, IV-d 5 thru IV-d In order to complete Figure 3 (Fatigue Load N/A
24, IV-d 27 thru Spectra Histogram), design spectrum data,
Iv-d 36 which is conservative, will be use.i. See
Table VI,

NOTE: Conditions marked as N/A (not available) are also shown that way in
Table VI. Neither flight test data nor an analytical means is available
to determine the loads. However, for items 2, 3, 5, 7 and 11 the
operational detailed conditions are the same as the design conditions
except for airspeed and/or load factor, Inasmuch as the design condi-
tions do not cause fatigue damage to the tail rotor, the same assumption
is made for the operational conditions, Also, Hughes experience has
shown that flight test conditions similar to the operational conditions of
items 10 and 12 do not affect the service lives of either the main or tail
rotor,

#Fatigue load shown in Table VI obtained from the source noted,
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TABLE VIII, FATIGUE LOAD VERSUS 4 AND CT/¢
(References 7 and 8 Level Flight, Pullups and Turns)

Cctlo " Detailed

Detailed cr/o
Condition (1) H ~ Thrust Condition (1 H ~ Thrust

Number + inch=pounds  ~ V¢/Vp ApVTe Number 4 inchepounds  ~V¢/Vp AV
IV-c 13 319 0,197 0, 089 Il-e 10 1063 0, 321 0,137
IV-c 14 318 0, 244 0.127 Iv-c 13 163 0.209 0, 081
IV-c 19 339 0,270 0.092 IV-c 14 218 0,218 0, 087
IV-c 20 523 0,320 0,122 IV-c 19 272 0,261 0, 080
IV-c 31 609 0. 341 0, 088 IV=-c 20 294 0.269 0,083
IV=-c 32 544 0, 358 0, 088 IVec 31 479 0,316 0, 080
-j 3 381 0.104 0,078 IV-c 31 441 0.318 0, 084
1I-j 15 283 0,110 0,070 IV=c 31 482 0,321 0. 087
1I-j 4 305 0,134 0,103 IV-c 31 493 0.316 0,079
II-j 16 366 0.135 0,107 IV-c 31 559 0,335 0. 069
II-j 7 498 0,184 0, 067 IV-c 32 359 0,296 0,083
11-j 19 476 0,187 0,090 IV=-c 32 431 0.319 0,093
11-j 8 368 0,251 0.103 IV-c 32 242 0,304 0, 098
II-j 20 390 0, 249 0.118 IV-c 32 360 0. 305 0, 088
II-j 11 444 0.294 0,103 Iv-c 32 437 0.317 0,072
1I-3 23 550 0, 284 0, 058 II-j 23 365 0,242 0. 069
II-j 12 1135 0, 354 0,160 IV-c 15 185 0,153 0, 088
II-j 24 862 0, 366 0.195 IV-c 15 284 0,167 0,094
IV-c 15 267 0.118 0, 094 IV-c 16 240 0,158 0. 096
IV-c 16 307 0,155 0,107 IV-c 21 185 0,208 0. 088
{V-c 21 206 0,220 0,101 IV-c 21 368 0,222 0,092
IV-c 22 247 0, 224 0,111 IVec 22 207 0,215 0,095
IV-c 33 447 0. 304 0, 096 IV-c 33 272 0.294 0. 090
IV-c 34 469 0, 323 0, 098 IV-c 33 478 0.290 0,109
IV=c 17 288 0,144 0.108 IV-c 33 599 0,278 0, 091
Iv-c 18 391 0,145 0,118 IV-c 33 514 0,294 0, 086
IV-c 23 305 0. 159 0,132 IV-c 34 283 0,275 0. 097
IV-c 24 308 0.176 0.121 IV-c 34 468 0,289 0,103
IV=-c 35 397 0,262 0, 094 IV-c 34 468 0,273 0,111
II-c 1 589 0, 124 0,123 IV-c 34 473 0,275 0,105
II-c 2 387 0.160 0,158 IV-c 34 637 0.274 0, 098
Il-c 15 492 0,143 0,141 IV=c 35 344 0. 241 0,106
II-c 16 408 0,150 0,159 IV=c 36 312 0,245 0,114
{I-c 5 677 0.191 0,165 IV=c 5 494 0,191 0,101
II-c 6 487 0,210 0,120 IV=c 17 515 0.187 0,112
1I-c 19 879 0.194 0,153 H-c 13 1084 0,284 0, 148
{I-c 20 509 0,211 0,123 I1-c 13 1671 0. 316 0.145
II-c 11 801 0. 340 0.119 II-c 13 1527 0.310 0.140
II-c 12 433 0. 346 0,110 II-c i3 1127 0,293 0,137
II-¢c 25 390 0, 352 0,106 II-¢c 14 977 0,266 0.143
Il-c 26 606 0. 348 0,118 tI-c 14 1114 0,296 0,144
II~e ! 871 0,256 0,146 1I-c 14 853 0,287 0.138
II-e 2 1243 0, 286 0,152 Il-c 14 1585 0.317 0,137
I-e 7 503 0, 307 0,109 1l-c 27 1014 0,288 0.164
II-e 8 1143 0, 305 0,120 II-c 27 914 0,318 0,126
1I-15 747 0,288 0,154 II-¢ 27 1665 0,316 0,123
1I-1 6 1342 0, 347 0,167 Il-c 27 1006 0.294 0,117
II-c 13 1671 0. 301 0,154 II-c 28 1345 0,290 0.182
1I-c 14 978 0.299 0,138 I1-c 28 1482 0.296 0, 166
II~c 27 1614 0, 307 0.141 Il-c 28 691 0,281 0,143
II-c 28 1211 0, 322 0, 141 1-c 28 965 0,317 0,134
II-e 9 2420 0, 316 0,168 l-e 9 1775 0,323 0,144

NOTES: (1) Cyclic main rotor blade 15% radius flapwise bending moment,

(2) Ay =29, 625 ttz = main rotor blade area,
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Table IX presents a list of the operational spectrum detailed conditions for
which the main rotor fatigue load had to be determined. The calculated
CT/o and p values based on the detailed condition definitions are also shown.
Knowing these values, Figure 5 was entered at the appropriate u and Crlo
point, and interpolating as necessary, the main rotor fatigue load was read
from the ordinate. The data are shown for each detailed condition in

Table IX.

With the addition of the above data to Table VI, the main and tail rotor
fatigue load spectra were completed for the operational mission profile as
well as the design mission profile. Using the operational spectrum per-
centage of occurrences, the operational main rotor data were added to the
histogram (Figure 3) for comparison with the design mission profile,

Because of the number of conditions and percentage of occurrence for
which tail rotor fatigue loads were not actually determined (see note
Table VII), and since a complete histogram comparison would not be
available, the operational data are not included in Figure 4,

COMPARISON OF DESIGN AND OPERATIONAL MISSION PROFILE
FATIGUE LOAD SPECTRA

The fatigue load spectra for the main rotor and tail rotors fall into three
data categories:

1. Applicable to design spectrum only
2. Applicable to operational spectrum only

3. Applicable to both spectra, load same or different

Consult the percentage of occurrence columns of the detailed conditions
listing (Table II) to ascertain the appropriate category, Main rotor and
tail rotor loads for individual detailed conditions that show a percentage
of occurrence for both spectra can be compared directly in Table VI,
Inasmuch as the tail rotor fatigue data were not added to the histogram
(Figure 4) as previously discussed, a histogram comparison of tail rotor
data for the design and operational mission profiles is not directly avail-
able. However, by using the tail rotor loads (Table VI) along with the
appropriate percentage of occurrence for each mission profile (Table 1I),
good fatigue load spectra correlation is shown between the design and
operational data,
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TABLE IX. OPERATIONAL MISSION PROFILE — C'r/d AND W
(See Notes for Values Used in Calculations)

Dretailed Deteiled

Condition (1) Condition C (1)

Number T/0 u %+ inch-pounds Number T/G u % inch-pounds
II-c 1 0.146  0.097 250 II-e 10 0.174 0,299 2210
II-c 2 0.155 0,100 250 II-j 1 0.108 0,091 250
II-c 3 0.167 0,097 250 1I-j 2 0.135 0,102 250
II-c ¢ 0.177 0,100 250 II-j 3 0.148 0,091 250
II-c 5 0.146 0,104 300 -5 4 0.185 0,102 250
II-c 6 0.155 0,200 360 II-j 5 0.108 0,182 290
II-c 7 0.167 0,194 620 II-j 6 0.135 0,204 310
II-c 8 0.177 0,200 990 II-j 7 0.148 0,182 290
II-c 9 0,122 0,291 610 I1-j 8 0.185 0,204 1280
II-c 10 0.129 0.299 940 II-j 9 0,108 0,274 410
II-c 11 0.146 0,291 1320 II-j 10 0.135 0,306 1200
II-c 12 0.155 0,299 1680 11-j 11 0.148 0,274 1160
II-c 13 0.167 0,291 1910 II-j 12 0.162* 0,306 1970%
I1-c 14 0.177 0.299 2310 II-j 13 thru II-j 24, same as 1 thru 12
II-¢ 15 thru Il-c 28, same as 1 thru 14 II-1 1 0.108 0,152 270
II-e 1 0.146 0,162 280 11-1 2 0.135 0,170 280
II-e 2 0.155 0,166 280 II-1 3 0.145 0,152 270
II-e 3 0.164 0,162 280 11-1 4 0.181 0,i70 710
lI-e 4 0.174 0,166 440 1I-1 5 0.108 0,274 410
Il-e 5 0,122 0,291 610 II-1 6 0.135 0,306 1200
II-e 6 0.129 0,299 940 II-1 7 0,145 0,274 1070
II-e 7 0.146 0,291 1320 II-1 8 0.148 0.306 1570%
II-e 8 0.155 0,299 1680 IV-c 19 0.109 0,262 380
II-e 9 0.164 0,291 1820 Iv-c 20 0.115 0,270 400

NOTES: (1} Cyclic M/R 15% Flapwise Bending from Figure 5

(2) Power on rpm: max 484; min 470
Autorotation: max 514; min 400 (460 used as minimum, as
shown in Reterence 1, Figure 6. b,

(3) Hd = 2000 ft, except in Table IV-¢ 19 and 20 where Hd = 3000 ft

(4) Load factors used are as shown in Table V

(5) Gross weight = 2400 1b (OH-6A normal gross weight) except
Table 1I-e 3, 4, 9, 10 and Table II-1 3, 4, 7, 8 where gross weight =
2200 1b

(6) Vyng = 124 knots calibrated airspeed

(7) Ay = main rotor blade area = 29. 625 ft2

*Ratio to load factor = 1,8 g per Reference 1, Figure 14 which shows original calculated
Ct/g and || combination do not occur in actual operation.
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Figure 3 shows a main rotor fatigue load histogram comparison of mission
profiles directly, For purposes of this discussion, three ranges of main
rotor load were considered: (1) less than 800 iach-pounds, (2) 800 to 1600
inch-pounds, and (3) greater than 1600 inch-pounds.

The majority of the time for both mission profiles occurs in the lowest
load range being considered. This is particularly important inasmuch as
800 inch-pounds represents the approximate main rotor blade endurance
limit*. The design spectrum data are shifted to a slightly higher load
level than the operational data. However, loads in this range do not affect
component service life.

The comparison of design and operational loads in the second range (800 to
1600 inch-pounds) is characterized by small offsetting percentage of occur-
rence differences, One major exception, however, is shown for the load
between 1200 and 1300 inch-pounds. The design spectrum percentage of
occurrence exceeds the corresponding operational value by several percent,

While the peak load that occurs in the final or highest load range originated
in the design mission profile, the operational mission profile produced
more high loads overall.

With the exception of the differences previously noted, the two mission pro-
file fatigue load histograms compare quite favorably. The comparison is
so close that the mission profile impact on main rotor blade service life
cannot be seen from Figure 3, but will have to await more extensive analy-
sis in the discussions that follow.

DETERMINATION OF FATIGUE DAMAGE RATES AND FATIGUE LIVES

During the design effort the damaging flight conditions of the design spec-
trum were tabulated together with their respective measured peak alter-
nating flap bending moments, percentage of occurrences and computed
damage rates (Reference 12),

The ground-air-ground (GAG) condition included in the spectrum in Refer-
ence 12 was omitted from the design spectrum, but the damaging cycles
previously taken from design flight condition data to form a part of that
ground-air-ground condition, were replaced in their respective individual
conditions, and the revised damage rates for the concerned conditions

#*Fatigue damage occurs only at moments greater than this magnitude,
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recalculated. This resulted in a total damage rate (ZIE\I) of 0,2950 per
1000 hours for the flight conditions of the design spectrum.,

The time histories of loads obtained during flight for rost of the damag-
ing conditions in the design spectrum had been cycle-counted, with the
damage rates for a few conditions calculated on a one-per-revolution
basis (Reference 12), However, developed data for the operational mis-
sion profile, Table Il and VI, present only peak alternating moments and
percentages of occurrence., After preliminary investigation, it was con-
cluded that damage rates calculated on a one-cycle-per-revolution basis
should be used to compare the design spectrum with the operational
mission profiles, and the following procedure was utilized.

Based on a main rotor speed of 475 rpm and the given percentages of occur-
rences, the effective number of cycles per 1000 hours, ne, was calculated
for each damaging flight condition of the design spectrum; then, using the
damage rate, &, for each condition as established in the life calculation
and ne, an effective allowab! - number of cycles, Ng, was derived. From
the established S-N curve for 15 percent blade radius, the corresponding
effective alternating moment, M., was then obtained for each value of Ne,
Thus, for each flight condition, the damage rate due to this effective alter-
nating moment, M,, at one-per-revolution was identical to the damage rate
obtained for that condition by cycle counting,

A plot of Mg versus Mpeak Was then made for each previously cycle-
counted condition of the design spectrum, Figure 6. From these points,

a curve was drawn such that the total damage rate for all damaging condi-
tions of the design spectrum (derived by the use of this curve and the given
percentage of occurrences at one-per-revolution and 475 rpm) was identi-
cal to the total damage rate for the same conditions as established in the
original life calculation including cycle-counting.

Using the curve of Figure 6 together with the previously established safe
allowable S-N curve for 15 percent blade radius, the damage rates for the
damaging conditions of the operational mission profile (TR 71-60) were
calculated based on the given peak alternating moments and percentage of
occurrences, These data are presented in Table X,

The total damage rate so obtained per 1000 hours for the flight conditions

of the operational mission profile was 0, 3144 or slightly greater than the
value of 0,2950 obtained for the flight conditions of the design spectrum,
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TABLE X. OPERATIONAL MISSION PROFILE DAMAGE RATE

Condition n Percentage of n
Mission Segment Number (475 rpm) MPEAK Me Occurrence N N
I Maneuver c8 0. 00305 990 862 0. 0107 18,25 0, 000167
cl0 0. 09776 940 846 0. 3430 23,20 0. 004213
cll 0. 00182 1320 971 0. 0004 5. 55 0. 000329
cl2 0. 00182 1680 1125 0. 0064 2,05 0. 000890
cl3 0. V0305 1910 1265 0. 0107 1. 05 0, 002904
c 14 0. 00305 2310 1561 0. 0107 0. 31 0. 009836
c 22 0, 00305 9390 862 0. 0107 18.25 0. 000167
c 24 0. 09776 940 846 0. 3430 23,20 0. 004214
c 25 0. 00182 1320 971 0. 0064 5.55 0. 000329
c 26 0. 00182 1680 1125 0. 0064 2. 05 0. 000890
c 27 0. 00305 1910 1265 0. 0107 1. 05 0. 002904
c 28 0. 00305 1310 1561 0. 0107 0. 31 0. 009837
eb 0. 03175 940 846 0.1114 23,20 0, 001308
e? D, 00123 1320 971 0. 0043 5. 55 €. 000221
e 8 0, 00123 1680 1125 0. 0043 2, 05 0. 000598
e9 0. 00123 1820 1205 0. 0043 1.27 0. 000961
el0 0. 00123 2210 1483 0. 0043 0. 42 0. 002918
fl 0. 02671 1463 1073 0. 0940 3. 80 0, 007029
f4 0. 7410 1580 1075 0. 2210 2,75 0. 026945
f6 0. 2671 998 865 0, 0940 17,50 0. 001525
f7 0, 6298 832 810 0. 2210 56, 00 0. 001125
f8 0. 06298 1503 1041 0, 2210 3,38 0. 010745
f9 0. 02671 862 820 0, 0940 40, 00 0, 000668
f11 0. 06298 871 823 0. 2210 16, 00 0. 003936
fl12 0. 06298 1083 893 0, 2210 12, 00 0. 005248
gl 0. 02964 913 837 0.1040 27,00 0. 001098
j8 0, 00012 1280 958 0. 0007 6.20 0, 000032
jlo 0. 00664 1200 931 0, 0233 7.90 0. 000341
j1 0. 00105 1160 918 0. 0064 9.10 0. 000116
jl2 0. 00012 1970 1305 0. 0007 0. 88 0. 000227
j 20 0. 00012 1280 958 0, 0007 6.20 0. 000032
ja2 0. 00664 1200 931 0.0233 7.90 0. 000841
j2s3 0. 00105 1160 918 0. 0064 9.10 0. 000116
j24 0. 00012 1970 1305 0. 0007 0. 88 0. 000227
k 2 0. 00536 924 841 0. 0188 25, 00 0. 000214
k 4 0. 01268 978 858 0. 0445 19, 00 0. 000667
16 0. 00658 1200 931 0. 0231 7.90 0. 000833
17 0. 00219 1070 889 0. 0077 12,80 0. 000171
18 0. 00026 1570 1072 0, 0009 2.78 0, 000092
III Descent as 0. 04845 1689 1316 0.1700 0. 84 0. 058020
ab 0, 04845 1689 1316 0, 1700 0. 84 0, 058020
bl 0. 48735 952 850 1.1700 21.50 0. 022670
b3 0.24367 1179 924 0. 8550 8, 50 0, 028670
b 4 0. 12255 1179 924 0, 4300 8. 50 0. 014420
cl 0, 97755 860 820 3.4300 40, 00 0, 024440
v Steady State c 36 0. 02987 835 811 0. 1048 54, 00 0. 000553
c 37 0. 01824 810 803 0. 0640 80, 00 0. 000228
c 38 0. 01824 1009 869 0. 0640 16, 60 0. 001099
c 40 0, 00329 1280 958 0.0119 6,20 0, 000547
c 4l 0.00117 956 851 0. 0041 21,10 0. 000055
c 42 0. 00111 1321 971 0. 0039 5. 55 0, 000200

z = 0.314396

4 L]
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Table I presents the basic flight conditions for the operational mission
profile derived from TR 71-60, the AR-56 mission profile, and the AMCP
706-203 mission profile, together with their respective percentage of
occurrences, Table XI presents the predicted damage rate due to these
basic flight conditions for each of these three mission profiles together
with the damage rate for the design spectrum, The damage for the basic
conditions in the TR 71-60C operational mission profile was obtained by
the summation of the appropriate detailed conditions in Table X, The
predicted damage due to the basic conditions in the AR-56 and the AMCP
706-203 profiles was obtained by factoring the damage for these basic
conditions due to the TR 71-60 profile by the ratio of the total percentage
of occurrences for the basic condition in the respective profiles,

From the cumulative damage rates for the three mission profiles derived
from Table XI, comparative service lives were calculated and presented
as a bar chart on Figure 7. These lives do not reflect a ground-air-
ground condition, The original design spectrum service life is 2520 hours.
The calculated life for the operational spectrum, 2390 hours, is slightly
lower,

The service lives presented were established in accordance with the formu-
lae used by the Federal Aviation Agency (CAM 6, Reference 4) as follows:

1. Calculated life, Lc, <3350 hours
Service life, L , =0,.75 L
s C
2. Calculated life, Lc, 23350
Service life, LS, =0.375 Lc + 1250 hours

The loads data and the corresponding damage rates for the design spectrum
and the operational profile were studied with a view to establishing some
definable relationships between peak alternating moment, percentage of
cccurrence and damage rate. The following paragraphs summarize the
results of this study and the subsequent conclusions,

Figure 8 presents the comparison of cumulative damage rates for the
design spectrum and operational mission profile, and Figure 9 presents
the comparison of cumulative percentage of occurrence for the same two
spectra. The data for these two histograms were obtained from Tables II
and X,
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Figure 8, Comparison of Cumulative Damage Rates.

Superimposed on Figure 9 is a single representative curve for peak moment
versus cumulative percentage of occurrence, which was transposed from
the straight line curve of Figure 10, These curves were derived in the

following manner:

An approximate mean smooth curve of the two stepped curves of Figure 9
was first drawn, Study showed that this mean curve could be closely
represented by a straight line curve on a Log-Log scale, The two points
chosen to define the straight line curve were: M, = 2250 inch-pounds at
0.1 cumulative percentage of occurrence, and My = 800 inch-pounds (the
endurance limit of the blade) at 10 cumulative percentage of occurrence
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(which includes all the damaging conditions)., This mathematically repre-
sentative curve of peak moment versus cumulative percentage of occurrence
of Figure 10 was then superimposed on Figure 9,

3 X
Cumulative Percentage Occurrence, =% = 8,4858 x 10} IM ] 4. 4534
occur P

(1)

The increment of percentage occurrence for an increment of peak moment
is a function of the rate of change of cumulative percentage of occurrence
with respect to peak moment at the chosen level of peak moment, The total
cumulative percentage of occurrence during which damage occurs between
the maximum peak moment and the endurance limit of 800 inch-pounds is

10 percent, (Reference Figure 9.)

Thus, differentiating equation 1 with respect to 100 inch-pound increments
of peak moment:

-5.4534

Percentage of Occurrence = — 3, 7721 x 1016IM (2)

o)

Equation 2 defines the curve on Figure 11,

Figure 6 converts peak moment to the required effective moment as de-
fined previously, The previously established S-N curve for the 15-percent
station of the OH-6A main rotor blade, Figure 12, was transposed using
Figure 6 to present peak moment versus allowable number of cycles, N,
as presented on Figure 13,

For unit percentage of occurrence and a rotor speed of one revolution
per minute, the number of cycles of moment per 1000 hours, n, = 600,
Thus, Figure 13 can be replotted to present peak moment versus damage
rate per percentage occurrence per rpm per 1000 hours, as in Figure 14,
This curve can be defined by the equation:

Il
Loglolﬁ _=0.3979 + 0. 001236[Mp] (3)

39



*JUBWON JO jJudWIdU]
spunod -yosul 901 124 @duaxandd0 jo a8ejusdisg 11 2andt g

SANNOJd-HODNI 001/3F3DNFYYNDID0 40O ADVINIADHAJ

1 1°0 1070
oot
—— S
/Ill-ll 0001
(z vonienby ‘ixay o3 Jagay
d _ x - = 2308
_.mmn..m._ W, o0rxizeLs %
Ag Arrestiewiaiepy pajuasasday ag ued aaany)
000 ‘01

SANNOd-HONI - dW:.I.NE!WOW Avid
40



‘suawrdadg anSije g
°P®IE 10309 ureW (v9-HO) 69¢ 10J aaIny N-S *77 2an31 g

SATOARD
1
,01 401 O 01
0
005
— 0001
/ vost.
™ 0002
0052

SUNNOd"HONI - LNAWOW DNIONTH ANOLVHEIA
41



ot

*Sa[2AD a1qeMoO[ly SNSIIA JUDWON Medod

o1

SATOAD 4O YFINNN'N

"¢l 2an31 g

01

o1

00s

0001

00s1

0002

0052

000¢

SANNOd "HONI - dW

42



'SINOH 0001/NJd¥Y/2ouaianosd
jo a8®rjueniag/ojey s3eweq snsia ) juswiop &.mwan ‘%1 @andr g

401 % [SUNOH 0001/ W/ IONTWUND00 J0 muq...zmu:mn:z,i_

ooo 01

goat

00t

01

I "0

=00

: u 1
626t 0+ [in] se2rono JM_EUDJ

rAgpaiuasasday A[esnEwayiepw aq oes n:nﬂue\

ooot

(¢ wnnienky “1xap oy Tapay

pd

00zT

0oEr

sl

o9

ol

0081

\\

000

Eal

ooz

d

0ote

pad

ouge

00BZ

0oog

SaNNOd~HONI - V34,

43



where
n n
[—] = = /% occurrence/rpm/1000 hours
Ni, N

For a maximum peak alternating moment of 2300 inch-pounds as defined
by the operational mission profile, together with the established endurance
limit of 800 inch-pounds, the total damage rate per 1000 hours computed
by the use of equations 2 and 3 is 0.3099 compared to 0, 3144 given by the
detailed operational loads spectrum in Table X, which is in remarkably
close agreement,

A comparison of the results given in the above paragraph indicates that
for the OH-6A main rotor blade, relationships between peak alternating
moments, percentages of occurrences and damage rates can be defined
from the given load spectrum and established S-N curve, and that these
relationships could be utilized in the design stages of a similar blade in
order to achieve the desired service life for a defined operational spectrum,
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TASK III - ANALYSIS OF HISTORICAL CHANGES IN FATIGUE
LIVES AND CONFIGURATIONS

INTRODUCTION

Historical data concerning changes in component lives and configurations
from the time of original engineering development to the present are dis-
cussed. The changes are analyzed for cause-effect relationships with
actual changes in mission profiles as compared to developmental flight
spectra. The components studied are main and tail rotor blades and drive
system.

MAIN ROTOR BLADE

The helicopter main rotor blade is the most critical structural component
of a helicopter. The failure of other primary structural components may
cause emergency landings; the loss of a helicopter main rotor blade is
catastrophic. A large amount of time and effort is expended in the design
of main rotor blades, including prediction of loads, frequencies, static and
fatigue strengths, selection of materials, and methods of manufacturing
and processing.

The service life of a main rotor blade more closely reflects the effects of
various parameters, such as gross weight, rpm, maneuvers, speed, etc,
than any other single structural component. The only major load param-
eter not reflected in the main rotor blade service life is changes in engine
power. The drive system transmissions and shafts are the structural com-
ponents affected by changes in engine power spectra, The main rotor blade
is, therefore, selected as the structural component to use to relate the
mission profiles to the original design spectrum. The results of this com-
parison are presented in Task II of this report.

History

The selection of the main rotor blade for the prototype OH-6 was based on
the experience, knowledge and testing of the Model 269A (TH-55A) heli-
copter main rotor blade. The blade cross section was essentially the same
as the Model 269 using an aluminum alloy leading edge spar and a 0,025-inch-
thick aluminum skin. There were several structural modifications made
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primarily to increase the blade fatigue strength or reduce cyclic loads,
such as:

1.  The root fitting was bonded to the blade skin doubler with bolts
retained to provide a redundant or fail-safe attachment and to
prevent prying from occurring on the adhesive bond line.

2. The trailing edge was bonded instead of a riveted connection as
on the Model 269 blade.

3. A doubler was added to the root end of the hlade to improve the
fatigue strength at the root end fitting attachment.

4. A channel was added internally 4.4 inches aft of the leading edge
to maintain the blade airfoil shape, thereby improving perform-
ance and reducing cyclic loads.

5. A leading edge weight was added and the tip weight design was
changed to improve blade mass balance.

Figure 15 shows the cross sections of the OH-6 and Model 269 main rotor
blades with the main design differences noted.

The prototype OH-6 main rotor blades were fatigue tested, The results of
the tests showed an improvement in fatigue strength compared to the
Model 269A main rotor blades although the mode of failure was the same,
The critical section was the same, the basic blade section at the root fit-
ting outboard bolt hole,

Detail changes were made in the construction of the production OH-6A
main rotor blades to provide additional improvement in fatigue strength,

mass balance and stiffening to maintain airfoil shape. The changes were:

1. The root fitting changed from a stepped machine fitting to a
tapered forged fitting.

2. The shape of the root end doubler revised.
3. The leading edge spar tapered on the trailing edge,

4. The brass leading edge balance weight increased in size and
changed in shape.
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5. The tip balance weight installation improved.
6. Additional chordwise ribs added at the blade tip.
Figure 16 shows the configuration changes.

The configuration changes resulted in higher fatigue strength main rotor
blades and lower cyclic loads for similar flight conditions. The mode of
failure of the main rotor blade shifted {rom the basic blade section at the
outboard bolt hole to the lugs of the root fittings. To obtain additional
fatigue strength in the root area of the main rotor blade it will be neces-
sary to have the root fittings manufactured from a higher fatigue strength
material, or to use a more complicated and costly manufacturing process
in the present root fittings. The latter would include such processes as
shot-peening and bearingizing of holes.

During the production of the main rotor blades, several changes were
incorporated in the blade manufacturing to improve structural reliability
and reduce manufacturing costs. Two of the changes were a change in
adhesive material from AF6 to FM123 for a more reliable structural
bond, and a change in spars from an extruded spar to a machined spar for
better control of blade twist and contour.

Load/ Life Comparison

The most significant loading parameters that establish the service life of
the main rotor blade are gross weight, speed, rotor rpm and severity of
manuevers. The design parameters for the prototype OH-6 were gross
weight of 2100 pounds and a Vg of 128 knots. For the production OH-6A,
the design parameters were increased to the following: gross weight

= 2163 pounds at Vyg = 130 knots; gross weight = 2400 pounds at Vg

= 123 knots; and overload gross weight = 2700 pounds at Vyg = 112 knots.

The main rotor rpm limits were the same for all configurations with the
exception of the minimum rpm at 2700 pounds gross weight which was
increased for power off (autorotation) from 400 to 465 rpm. The maxi-
mum limit load factor was reduced inversely with increase in gross
weight, as the ability to obtain higher load factors is limited by the lift
that can be developed by the main rotor blades.

The service life of the main rotor blade has remained constant at 1655
hours from the prototype OH-6 blades to the present in-service produc-
tion OH-6A blades, The improvements in blade fatigue strength, mass
balance and maintaining of airfoil contour, as previously stated, have
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compensated for the increased performance of the OH-6A helicopter in
gross weight, speed and maneuverability, resulting in no change in the
main rotor blade service life.

Army field service reports hiave never reported a main rotor blade fatigue
crack or failure. In excess of 1.5 million flight hours have been flown
during this reporting period. The service experience substantiates the
original design fatigue spectrum to be realistic.

TAIL ROTOR BLADE

History

The selection of the tail rotor blade configuration for the prototype OH-6
was based on the experience, knowledge and testing of the Model 269A
tail rotor blade. The basic blade cross section was similar, consisting
of a steel spar with the airfoil shape constructed of fiberglass and bonded
to the steel spar. The chord was increased from 3.50 inches to 4.81
inches. The main structural modification for the prototype OH-6 tail
rotor blade was in the root area in the method of attaching the blade to
the tail rotor hub and retention strap pack. The spar was a straight tube
partially formed to the airfoil section shape outboard of the root area.
To obtain the final airfoil shape, it was necessary to add a resin filler
material between the spar leading edge and fiberglass skin,

During the flight testing of the prototype OH-6, it was found that the filler
material did not have sufficient strength to withstand the centrifugal force
environment of the rotating tail rotor blade.

The major modifications for the production OH-6A tail rotor blades were
to more closely shape the steel spar to the final airfoil shape, to bend the
spar forward outboard of the root area and to change the tip weight con-
figuration to allow balancing weights to be added or removed. The modi-
fications resulted in eliminating the resin filler problem of the prototype
OH-6 tail rotor blade and improving the blade mass balance. This resulted
in a reduction of the cyclic loads imposed on the tail rotor blade.

The tip weight required for the production OH-6A tail rotor blade was
initially estimated to weigh 86 grams, but after preliminary flight testing
and additional analysis, it was determined that the tip weight could be re-
duced to 50 grams. The blade spar and retention system had been designed
for the higher weight, and the reduction reduced the steady stresses in the
blade spar. This effectively increased the blade spar fatigue strength.

50



During the production of the tail rotor blades, the only significant struc-
tural change was the addition of rivets attaching the tip cap to the blade
fiberglass skin. The rivets were added in addition to the bonding adhesive

providing a fail-safe attachment.

Load/ Life Comparison

The major loading parameters, such as gross weight, speed, rotor rpm,
load factors and engine power, are not reflected in the establishing of the
service life for the tail rotor blade. With the exception of severe pedal
reversal maneuvers, the only condition that produces fatigue damage is
the ground-air-ground cycle.

The endurance limit resultant cyclic bending moment is 950 inch-pounds
at the 7.2-inch radius of the tail rotor blade. A review of the fatigue load
spectra presented in Table VI of Task II shows only one flight condition
that would be fatigue damaging. Therefore, no information of value can
be obtained from comparing tail rotor fatigue load spectra for flight
conditions,

The service life of the prototype OH-6 tail rotor blade was 2598 hours.
The service life for the production OH-6A blade increased to 2861 hours.
The increase in service life was due primarily to the reduced tip weight
which resulted in a lower ground-air-ground fatigue cycle.

DRIVE SYSTEM COMPONENTS

The OH-6A main and tail rotor transmissions were designed for minimum
size and weight consistent with the U.S. Army requirement for a light-
weight high-performance vehicle. The original design specification called
for a 2160-to-2400-pound vehicle with an engine delivering 250 horsepower
(HP) takeoff rating and 212 HP continuous. The original design specifica-
tion power (torque) spectra for both transmissions, used during the engi-
neering design and development phase of testing, were made obsolete
early in pre-RVN operation when the OH-6A mission requirements were
upgraded. Further upgrading took place when the actual RVN mission
requirements were stated. The following paragraphs describe the
historical changes that have taken place in the main and tail rotor trans-
missions from the time of original engineering development to the present.
These changes have been analyzed for their cause-effect relationship with
the upgraded OH-6A mission profiles as influenced by increases in gross
weight and engine power.

51



Design Criteria (and Certification)

Main Transmission

The prototype and original production design criteria input power spectra
for the main transmission (Reference 13 and 14) are virtually identical --
248 horsepower takeoff for the prototype and 250 horsepower takeoff for
original production, This spectrum, shown in Figure 17, develops a
cubic mean power of 173 horsepower., The output torque spectrum is

the same for both prototype and original production, Static torque require-
ments (References 13 and 14) increased 20 percent from prototype to
production design, The initial design criteria fatigue loads are identical
for both the prototype and original production designs, Both the prototype
and original production design helicopters were FAA type certificated for
250 horsepower at takeoff and 212 horsepower maximum continuous engine
shaft power, Current FAA type certification is for 278 horsepower at
takeoff and 243 horsepower maximum continuous engine shaft power.

Tail Rotor Transmission

The original production design criteria output torque spectrum for the
tail rotor transmission called for higher power requirements than that
for the prototype design (References 13 and 14)., A comparison of the
torque spectra for the original production design versus prototype design
is shown in Figure 18, Limit static torque was also increased from

1385 pound-inches (67 HP)* for the prototype transmission to 2170 pound-
inches (104 HP)* for the original production design transmission. The
changes in the spectrum amount to a 24-percent increase in the cubic
mean load while the static load was increased 56 percent. The design
criteria fatigue loads for the original production design transmission
shafting were considerably greater, and much more specific, than those
required on the prototype design, In both cases, however, the fatigue
loads were verified by flight test measurements,

Configuration Changes (Design Improvements)

Main Transmission

Constant upgrading of the main transmission load spectrum has resulted
in numerous changes in design, The most significant design change took
place on the output gearshaft assembly which required strengtheniny at a

*At 100 percent NZ'
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fatigue critical section on the shaft., The details of the failure investiga-
tion and the design change are discussed in a later paragraph -- '""Major
Service Problems, Component Redesign,'" Other problems have included:

a, Bearing failures at less than L life prediction

B-10

b. Spinning bearing races

c. Gear tooth wear

d. Electron beam weld failures
e. Inadequate lubrication,

Each of these service problems (and others) have been closely examined
and corrective action taken to improve transmission reliability, Table XII
shows .1e main transmission design changes that have taken place since

the original production design transmission (369A5100-Basic) was released.

Tail Rotor Transmission

Operational service problems have brought about several design changes
to the production tail rotor transmission, The most significant design
change was concerned with strengthening the input gearshaft assembly,
several of which failed in service., The details of the investigation and

the design change are discussed later in this task, Bearing failures at
less than Lg_;o life prediction make up the major portion of the continu-
ing service problems. Table XIII shows the tail rotor transmission design
changes that have taken place since th« original production design trans-
mission (369A5400-Basic) was releas«d,

Load Spectra

Main Transmission

A 1200-hour tiedown endurance test, performed under a Product Improve-
ment Program (PIP), was conducted on the production drive system be-
tween May 1966 and January 1967 (Reference 17). The cubic mean input
power to the main transmission (369A5100-Basic) during the testing was
213 horsepower compared to 173 horsepower for the original production
design requirement. A comparison of 1200-hour endurance test spectrum
to the original design specification spectrum is shown in Figure 19,
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TABLE X1, 369A5100 MAIN TRANSMISSION DESIGN CHANGES

Conficuration

Date

Helicopter
Serial Number
Effectivity

Basic

-601

-603

~-605

~-607

September 1906

October 1967

Aurust 1968

November 1968

May 1970

0001 thru 0711

000! thru 0711

0712 thru 0956

0957 thru 1445

Remarks

See drawing for scrial number exceptions

Sce drawing for serial number data

Eliminate shim on pump drive to allow
pump interchangeability

Gear patterns specified
Parco Lubrite Gears

Acceptance Test Procedurce specified

Improved Lubrication and Hivher Capacity
Pump

Hole in Scavenge Pump to lubricate output
pinion roller bearing

Higher capacity Taper Roller Bearing
(tail rotor output)

Improved bevel gear patterns

Improved control of E, B, weld on output
shaft

Revised Parco Lubrite process

Increased fit on roller bearing races

369A5197 Input Pinion Roller replaced
by 369A5180 Roller (M=-50 steel)

369A5198 Output Pinion Roller replaced
by 369A5198-3 Roller (M=-50 steel)

369A5199 Output Shaft Ruller replaced
by 369A5199-3 Roller (M-50 steel)

Loctite all roller bearing inner and
outer races

AN carlier configuration trans missions are up-uraded to the -607 configuration at overhaul,
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Additional endurance tests totaling 478 hours were conducted on the modi-
fied and upgraded 369ASK700 main transmission to the PIP spectrum
shown in Figure 15 (Reference 21), This transmission, the prototype
from which the 369A5100-605 transmission was derived, was also tested
in a 10-hour ground run (Reference 23) to the loading spectrum shown in
Figure 20,

A flight endurance program was also conducted on the 369ASK700 main
transmission by the U, S, Army Aviation Test Board at Fort Rucker,
Alabama, during 1968 (References 21 and 22), These tests, simulating
RVN load conditions, accumulated 552 hours at 228 horsepower cubic
mean with takeoff power at 270 horsepower flying at 2700 pounds gross
weight, A comparison of the loading spectrum for these tests to the
original design specification spectrum is shown in Figure 21,

A comparison of the measured load spectrum derived from the operational
data (Reference 1) to the original design specification spectrum is shown
in Figure 22, This comparison shows that the RVN power loadings were
significantly higher that those anticipated by the original design specifica-
tion, Of particular significance are the increased take-off and cubic mean
power loadings.

Current testing is in progress to establish a takeoff rating of 317 horse-
power, maximum continuous power at 235 horsepower and 233 horsepower
cubic mean, This would then be compatible with the sea level standard
rating of the Allison 250-C18 engine (Reference 18), A comparison of the
loading spectrum for this testing versus the original design specification
spectrum is shown in Figure 23,

Tail Rotor Transmission

Early in the program, a 100-hour endurance test (Reference 20) was
conducted on the prototype design T /R transmission (369-5400), The
cubic mean power for this test was 17,4 horsepower, compared to 12,3
horsepower for the prototype design specification and 15, 3 horsepower
for the original production design specification, A comparison of this
endurance test spectrum to the prototype design specification spectrum is
shown in Figure 24,

The original production T /R transmission (369A5400-Basic) was tested on

the aforementioned 1200-hour endurance test., The cubic mean power to
the tail rotor transmission during this test was 21,8 horsepower, compared
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to 15,3 horsepower for the production design specification, A comparison
of this endurance test spectrum to the original production design specifi-
cation spectrum is shown in Figure 25,

No operational loads data are available for the tail rotor transmission,

Major Service Problems - Component Redesign

Main Transmission

The output gearshaft assembly was originally considered to be an unlimited
life part (Reference 15 and 16) under the loading conditions outlined in the
original production design specification (Reference 14). However, during
June and July 1968, three of the shafts failed in service, and examination
of these parts indicated that a particular section of the shaft was more
critical in fatigue than previously realized, While the specific cause of
the failures was attributed to tears in the material due to poor machining
practice, the high probability of occasional overtorque under combat con-
ditions was also considered so that the subsequent design change also
increased the wall thickness as well as improving the surface finish.,
Bench fatigue tests were performed on the (original) thinner wall shaft
design and a limited life (39, 800 hours) was assigned to these parts based
on measured flight loads data compared to the design S-N curve derived
from the bench tests (Reference 16, Appendix H), Fatigue analysis and
the tests indicate, however, that the improved, thicker wall shaft design
is an unlimited life component,

The failure investigation also revealed that, although the critical section
of the shaft had been strengthened between prototype and production design,
the improvement was necessary to completely eliminate the cause of the
failures, The design changes, from prototype to original production to
improved production, are shown in Figure 26,

Tail Rotor Transmission

Occasional failures of the input bevel gearshaft assembly in service were
initially attributed to rough surface finish and to tool marks fourd at the
most critical section in the failed shafts (Figure 27). However, when
similar failures subsequently occurred in smoothly machined specimens,
further investigations were conducted to determine the cause,
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An in-depth investigation of the failures, reported in Reference 19, re-
vealed that the shaft assembly is more highly loaded than previously
anticipated, particularly under certain maneuvers, The flight strain
data in Reference 19 indicates that certain pedal reversal and sideward
flight maneuvers conducted in the original OH-6A flight test spectrum
were not as severe as encountered in combat operation, The critical
conditions are hovering pedal reversals and right sideward flight, The
input shaft was redesigned to compensate for the higher operational
loading,

The geometry of the improved design, as compared to the original design,
is shown in Figure 27, In addition to increased wall thickness, larger
fillet radii and improved surface finish, the shaft material was upgraded
from air melt 4340 steel, heat treated to R, 30-35, to consumable elec-
trode vacuum melt 4340, heat treated to R, 36-40, These improvements
substantially increase the fatigue life of the shaft assembly,

The improved design part is interchangeable with the original design part
and is suitable for retrofit at component overhaul., New gearboxes are

now having the change incorporated.

Hughes Flight Tests

The original flight test program (on the prototype YOH-6A) was conducted
in 1963, The loads data obtained in these tests (Reference 7) were used
in establishing the original service lives of the OH-6A rotor drive system
components, Additional flight test programs were conducted in 1967
(Weapons System Installation - Reference 18) and 1969 (Increased Gross
Weight Certification - Reference 24), Current (1972) service lives of the
OH-6A rotor drive system components are based on the cumulative data
obtained in these test programs. A summary of the input power/gross
weight configurations used in the test programs is shown in Table XIV,

Critical Components Service Lives

S

Tables XV and™X VI present service lives for historical changes of the
main and tail rotor transmission limited life components.

Cause-Effect Analysis

Overall review of the historical data reveals considerable indication that
both the main rotor and tail rotor drive trains have been subjected to
higher loads (torque) than anticipated by the original design specification,
especially during severe maneuver conditions,
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TABLE XVI.

HISTORICAL CHANGES - TAIL ROTOR TRANSMISSION
LIMITED LIFE COMPONENTS

Life
Component Part Number (Hours) Remarks
Output 369-5408 3730 Prototype only - part of 369-5406
Pinion gear set,
Gearshaft
Assembly 369A5408 7180 Original production service life
based on prototype flight strain
survey.

2610 Superseded original production
service life - includes extended
envelope flight strain survey,

2940 Correction of previous service
life calculations.

Input 369-5407 3730 Prototype only - part of 369-
Bevel 369-5409 5406 gear set,
Gearshaft
Assembly 369A5425 7180
{Basic) 2610 See remarks above and note
(-3) 2940

1800 Based on a newly developed
design S-N curve same flight
strain surveys above,

369A5425 27,600 Based on improved shaft, design
(-5) S-N curve and same flight strain
surveys above,
NOTE: The original service lives of the input bevel gearshaft assembly

were based solely on matched set replacement and are the same
as calculated for the output pinion gearshaft assembly.

70




Mission Profile

Com' .rison of the original design specifications for the OH-6A (Reference
14) to the operational flight loads data (Reference 1) indicates that the
RVN operations required more time at higher powers and higher gross
weights than anticipated. According to Figure 4 of Reference 1, some

29 percent of flight time was spent at gross weights exceeding 2400 pounds,
the maximum gross weight of the original design specification, Figure 5
of Reference | indicates that 53 percent of ascent time (6 percent of total
time) was at gross weights exceeding 2400 pounds, Figure 10 of Refer-
ence | indicates that 2 percent of the time was spent at engine torques
above 75 psi (takeoff) and 14 percent spent at engine torques above 63,5
psi (maximum continuous power). The significance of these factors is
reflected in Figure 22 of this report, which shows a comparison of the
RVN power data, developed from Figures 4, 5, 6 and 10 of Reference 1,
to the input power spectrum for the original design specification for the
main transmission, The engine torque pressure data presented in Figure
10 of Reference 1 is converted to engine horsepower by the following
equation:

T P 7 N
Engine Horsepower =( orque ressure) (/o 2) H2E 15

0,3 100%
where:

0.3 = Torque Pressure Conversion Factor (per Allison
250-C18 Engine Specification)

Z
i

Engine Output Shaft Speed, rpm

2: 5

Engine Installation Adjustment Factor, HP

Engine torque pressure, however, is not a reliable indicator of shaft torque
in other parts of the drive train, This is particularly the case with regard
to maximum transient maneuver conditions and to tail rotor maneuver
power requirements, For this reason, the RVN torque pressure measure-
ments published in Reference 1 cannot be compared to the developmental
power requirements except on an overall spectrum basis as shown in
Figure 22,
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Major Service Problems

The service failures of the main transmission output gearshaft assembly
and the tail rotor gearbox input gearshaft assembly cannot be attributed
solely to manufacturing or metallurgical defects since flight tests (Refer-
ence 19) have confirmed that higher transient loads (torques) will occur
during combat operational-type maneuvers of the helicopter. Also, some
of the service failures occurred on the shafts with no detectable defects.
This type of data is not available in Reference 1,

The flight test data loads of Reference 7, 8, 19 and 24 indicate that while
increased gross weight and increased power both have influence on steady
torque, the most damaging fatigue loads, under all gross weight and power
conditions, are the transient peak loads that generally occur during max-
imum maneuver or power failure conditions, This is particularly true

of the tail rotor transmission components which, under maximum g pullup,
pedal reversal and sideward flight conditions, experience transient torques
more than twice the normal steady-state loads, It is these transient peak
loads rather than the steady-state conditions that limit the lives of the rotor
drive system components,
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TASK IV . ANALYSIS OF PARAMETER PEAK VALUES

INTRODUCTION

A comparison is presented between the peak values of the parameters
recorded during the program reported in Reference 1, the OH-6A design
criteria maximums and the highest values encountered during Hughes con-
ducted flight test programs. The parameters included in the study were
airspeed, vertical acceleration, longitudinal cyclic control position,
collective control position, engine torque pressure and main rotor rpm,

ANALYSIS

Operational Peak Values

The peak values for the OH-6A operational data (Reference 1) are pre-
sented in Table XVII. The figures shown were obtained from the appro-
priate tables or plots in the referenced document. Unfortunately, the
data are in blocks or ranges, and absolute one-time maximums or mini-
mums cannot be determined. This factor has been detrimental in other
tasks of this project, but not to the extent involved here. Knowledge of
the actual peak values would be more helpful for comparison purposes
than merely knowing the range. Further analysis of the oscillograph
records would be required to determine the absolute maximums and
minimums,

The particular mission segment during which the peak values were most
predominant is also shown in Table X VIIL

Design Criteria Peak Values

The final column on Table XVII presents the structural design values for
the parameters of interest.
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Development Test Peak Values

The peak values encountered during Hughes development of the OH-6A
Helicopter are shown in Table XVII. The parameters were recorded
during flight strain surveys and Type Inspection tests that are required
for FAA certification. The references involved are numbers 7, 8, 26, 27,
and 28. The particular flight condition and mission segment that produced
the peak value are noted,

Comparison of Peak Values

Generally, the operational data and the developmental testing data show
good agreement, The exceptions are airspeed and rpm where the opera-
tional peak values are the lesser, due to the fact that testing was conducted
by Hughes during OH-6A development to verify the design criteria demon-
stration points®* for those parameters. The peak values recorded during
development testing were an airspeed of 141 knots, and 545 and 375 rpm
for maximum and minimum red-line rpm, respectively. The correspond-
ing operational values were greater than 124 knots (less than 130 knots)
and greater than 490 rpm and less than 440 rpm.

Neither set of flight data produced load factors close to the design maxi-
mum g pullup (2. 91) nor the minimum g value (-0.50). The turn load
factors appear to compare favorably. The table shows a design criteria
maximum of 2.35g and the peak Hughes flight strain value of 2,25g. The
exact nature of the maneuver performed to obtain the operational peak of
greater than 2,2g (less than 2, 4g) cannot be ascertained from the data
presented in the report. Additional analysis of the oscillograph records
would be required to determine the flight conditions.

The longitudinal cyclic and collective control posijtions show some margin
as compared to the design absolute control stops. This is to be expected
because of the good control power characteristics of the OH-6A., Opera-
ational control position data are shown for the steady-state mission segment
only because peak values are not presented for the other mission segments
in Reference 1. The peak engine torque pressure values show satisfactory
agreement for all three data sources,

%(1) 111% x VNE
(2) 105% x Maximum Power Off rpm
(3) 95% x Minimum Power Off rpm
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Analysis of Peak Values on a Probability Basis

In order to obtain a more meaningful comparison of selected parameter
peak values, an analysis of the operational test data was performed on a
probability basis. The maximum (or minimum) values recorded during
the relatively short period (216 hours) involved in data acquisition are
related to the probability of occurrence of greater values over a period
more representative of a fleet's service life. The period selected was one
million hours. The parameters studied include maximum and minimum
load factors, maximum airspeed and maximum engine torque pressure.

The results of the study are presented in Figures 28 and 29, The data
show that in all cases the parametric peak value for large values of fleet
service are very likely to exceed the peak value measured during the 216
monitored flight hours by a significant margin,

Figure 28 shows the maximum and minimum load factur exceedance data,
The points are taken directly from» Reference 1, Figure 12.a. Extra-
polating to a million hours, the figure shows the maximum load factor
expected is 3,0g while the predicted minimum value is -0,8g. The peak
values recorded during the operational data acquisition period were 2, 2 to
2.4g and 0.2 to zero g for the maximum and minimum cases, respectively,
Reference 1 presents load factor exceedance data for several gross weight
ranges (Figure 28 of this report is a composite of all weights), The data
of Reference 1 show that the peak load factors are more likely to occur at
gross weights less than 2200 pounds.

Table XVIII shows the conversion of the airspeed and engine torque data
presented in Reference ] to a form suitable for this analysis. After the
composite number of hours spent in each range was determined from all
four mission segments, the number of occurrences within that time was
calculated by assuming a duration of three seconds for each flight condi-
tion which would count as an occurrence. The number of flight hours
required to attain a single occurrence in any range was then determined
by dividing the number of occurrences into the total time spent in all
ranges, Figure 29 is a graphical presentation of the data developed from
the foregoing discussion., As can be seen {rom the figure, the maximum
airspeed and engine torque expected within one million hours are 150 to
180 knots and 104 to 130 psi, respectively. The comparable operational
values were 120 to 130 knots and greater than 80 psi. Due to the magnitude
of the extrapolation involved, ranges of predicted values were selected.
In each case the upper or solid curve on Figure 29 represents a linear
fairing resulting in what is considered to be a conservative peak value at
one million hours. Additional operational test time wc 1ld provide much
more reliable predicted peak values,
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OH-6A Limiting Characteristics

An evaluation of pilot flight cards, test reports, oscillograph data and
pilot interviews was conducted to define the OH-6A characteristics that
influence the magnitude of the load parameters discussed in the previous
section, Table XIX lists each of the parameters and the characteristics
that limit the peak values.

The two control positions, longitudinal cyclic and collective, differ from
the other parameters inasmuch as the design limiting characteristics
exist as physical stops and not as flight manual limitations that can be
exceeded. Whereas the pilot can exceed the redline limitations of air-
speed, engine torque pressure and rpm by not observing the appropriate
cockpit instruments, the same is not true for the control positions where
contacting a stop represents the absolute limit of motion.

The most significant limiting characteristic is retreating blade tip stall
which affects several of the parameters, Maximum airspeed, maximum
load factor and minimum rpm are all primarily affected by retreating
blade tip stall.

Desig:n features of the OH-6A helicopter result in many of the character-
istics listed, The design features are noted where appropriate, thus, a
modification to that feature will affect the limiting characteristics and
possibly the associated parameter peak value.

J'uture Observation Type Helicopter Limiting Characteristics

Table XX presents the predicted occurrence of the parameter peak values
for helicopters with limiting characteristics differing from those of the
OH-6A. Several configuration changes thought to be likely for future
observation type helicopters were selected. The modifications are: con-
trol system boost, quieter main and tail rotor blades, crew station vibra-
tion isolation and auxiliary lift surfaces. Following this, the OH-6A
limiting characteristics and parameters affected by the change were deter-
mined. For example, the parameters of airspeed, load factor, and rpm
are affected by the addition of control system boost because the primary
OH-6A limiting characteristic of vibration in the cyclic stick due to retreat-
ing blade tip stall would not be present. Use of secondary or alternate
limiting characteristics and their effect on high or peak value occurrence
were also evaluated. Reduced recognition of certain parameter peak values
would result from the addition of control system boost, quieter tail rotor
blades and crew station vibration isolation, Therefore, new means of
recognizing the impending peak values were considered for those configu-
ration changes. For the configuration changes considered, no change in
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TABLE XIX. OH-6A CHARACTERISTICS WHICH INFLUENCE MAGNI-

TUDE OF PEAK VALUES OF LOAD PARAMETERS

Limiting Characteristics/Component(s)

Parameter or Design Feature(s) Responsible
I. AIRSPEED
A, Minimum 1. Aircraft settling
2. Increasing pedal requirement
B. Maximum 1, Pilot visual clues possibly including a high rate
of descent
2, Retreating blade tip stall/rotor system design
a. Noise
b. Some pitchup
c. Vibration in cyclic stick and possibly in
collective stick and airframe
3. Structural/canopy design (could be encountered
only at low density altitudes)
II. LOAD FACTOR
A, Minimum 1. Pilot physical clues
B. Maximum 1. Pilot physical clues
2. Same as I. -B, 2 above
3. Bank angle in turns
III. LONGITUDINAL CYCLIC STICK
Minimum and l. Droop stop contact (on ground only)
Maximum 2. Excessive attitude change
IVv. COLLECTIVE STICK
A, Minimum I. rpm climbing (rotor uncouples from engine and
begins to autorotate)
B. Maximum 1. rpm drooping
V. ENGINE TORQUE PRESSURE

Maximum }. High collective position
2. rpm bleed off/engine power available
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TABLE XIX - Continued

Limiting Characteristics/Component(s)
Parameter or Design Feature(s) Responsible

Vvl. RPM

A, Maximum 1, Tail rotor noise/tail rotor design
2, Advancing blade tip Mach number (drag rise)
in extreme cases only/rotor system design
3. Transmission noise/transmission design

B. Minimum 1. High collective download (autorotation), occurs
at high gross weights and airspeeds

high or peak value occurrence is anticipated for the case where the
alternate/secondary limiting characteristics do not affect the ability to
recognize peak value occurrence. Similarly, for the case where a new
limiting characteristic is recommended no change in high or peak value
occurrence will result.
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TASK V - INDICATED REVISIONS TO DESIGN CRITERIA
FOR OBSERVATION TYPE HELICOPTERS

INTRODUCTION

This task consisted of reviewing the results of Tasks I through IV, and
determining the indicated revisions, if any, to be recommended in regard
to the design criteria for observation type helicopters, The recommenda-
tions resulting from the study are noted in the following paragraphs,
categorized by task number, plus some of more general nature,

RESULTS OF THE STUDY

Task I

The design mission profile was found to most nearly match the operational
flight spectrum as developed from TR 71-60, The AR-56 spectrum showed
poorer agreement, and the AMCP 706-203 spectrum the poorest agreement,
Therefore, the operational spectrum derived in Task I is recommended as
the one to use in the design criteria for future observation type helicopters.

Task II

The comparison of fatigue load spectra, fatigue damage rates and fatigue
lives between the predicted and the operational mission profiles indicates
the following:

a, Main Rotor Blade - Relatively excellent agreement was found in
regard to the affected parameters between the predicted and the
operational mission profiles as far as the main rotor blades are
concerned,

b. Tail Rotor - During the OH-6A engineering development flight
strain survey, it was found that the only fatigue damaging flight
conditions for the tail rotor were extreme yaw maneuvers and
ground-air-ground cycles, Unfortunately, sufficient data were
not obtained in these areas during the operational loads program
(TR 71-60) to provide any reliable comparison of the stated
parameters as far as the tail rotor is concerned,
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Therefore, the design mission profile was satisfactory in determining the
service lives for the OH-6A Helicopter, and the operational mission profile
is recommended as suitable for the design criteria for future observation
type helicopters. AMCP 706-203 should be revised and updated.

Task Il

Analysis of historical changes in fatigue lives and configurations indicated
the following:

a, Main and Tail Rotors - No indication exists of any inadequacy of
the design fatigue load spectrum with respect to th: main rotor
blades or the tail rotor blades,

b. Rctor Drive System - Considerable historical indicaiion was
found to exist that both the main and tail rotor drive systems
encountered a more severe load (torque) spectrum in service
than the predicted spectrum based on the design torque spectrum
and the engineering development flight strain survey loads, This
historical indication was only partially confirmed by the data in
TR 71-60, possibly due to inadequate data provided on sideward
and yawed flight conditions, which are critical for the tail rotor
drive train. The data in TR 71-60 does indicate that a significant
portion of flight time was spent at higher gross weights and higher
power settings than anticipated by the original design specification.
There is also the possibility that some ships in the operating fleet
were operated at higher powers and gross weights than were the
instrumented ships involved in the operational loads program of
TR 71-60.

Therefore, an increase in severity of the torque spectrum over the OH-6A
design spectrum for both the main and tail rotor drive systems is recom-
mended as a result of the review of historical data. No such historical
indication was found in regard to the main rotor blade or tail rotor load
spectrums.

Task IV
Based on the good correlation of the operational peak value data arrived at
under Task IV with the design peak values (i.e., design limit values) for

the OH-6A, no changes in the design criteria for peak (limit) values are
recommended,
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ADDITIONAL COMMENTS AND RECOMMENDATIONS

With regard to main rotor blade fatigue damage, the AR-56 and AMCP
706-203 flight load spectrums resulted in no damage for some conditions
that were found to be damaging for both the design spectrum and the oper-
ational spectrum, Also, some damaging flight conditiuns in both the de-
sign and operational spectrums of the OH-6A were not included in the AR-56
or AMCP 706-203 spectrums., This observation explains at least partly why
these latter spectrums resulted in less conservative predictions of the safe
fatigue service life.

The recording and presentation (in TR 71-60) of the various flight spectrum
parameters independently, rather than simultaneously, resulted in reduced
ability to reliably deduce the relative occurrence of adverse versus favor-
able combinations of the recorded parameters. For example, the degree
of blade stall in severe maneuvers (and thus, the severity of the blade
fatigue loads) often depends upon a peculiar combination of several of the
measured parameters. Prediction of occurrences of the more severe
blade load producing combinations of parameters, therefore, involved
some ordering of the data for the independent parameters, including sim-
plifying assumptions and engineering judgement, which tended to reduce
the reliability of the analysis. Hence, it is recommended that, in future
operational flight loads programs, more effort be made to record and
reduce the obtained data in a form as close as possible to actual load
spectrum data for the major components or systems,

More specific data should be recorded in regard to ground-air-ground
cycles. Counts of both complete stop/starts, additional cycles down to
engine idle, needle splits and touchdown/liftoffs should be presented
since, for the rotating systems of the helicopter, this often is one of the
few damaging fatigue conditions,

More specific data on cumulative time at torque levels should be obtained
for all the major branches of the main rotor and tail rotor drive system,

Load spectrum and damage rate analysis (under Task II) indicates that

mathematically simplified approximations of the fatigue load spectrum and
fatigue damage rates may be useful for both predictions and comparisons,
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