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Center of Gravity

Main Rotor Flapping Angle
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Percent
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Modulus of Elasticity, psi




(U) SYMBOLS (Cont)

s Pi, 3. 1416

M. S. Margin of Safety

q Shear, 1b. per inch
fs Shear, Stress, psi
v Shear Load, lb.
ABR Bearing Area

N2 Seat Pan l.oad, 1lb.
S Shear, 1b, Area
VCR Cruise Velocity




(U) APPENDIX I

MOBILE ARTILLERY WEAPON SYSTEM TERMINOLOGY

The following terms are in use for mobile artillery weapon systems with-
in the U.S. Army and are presented for general reference. Note that
terms 3, 4, 5, and 6, air transportable artillery, airmobile artillery,
aerial artillery, and air-propelled artillery have, in varying degrees, in-
terchangeable meanings. Term 7 is a recommended term specifically
applicable for this concept.

1.

Self - Propelled Artillery

Conventional artillery mounted and fired from an integrated
ground vehicle weapons platform for indirect fire support.

Aerial Weapons Aircraft

An aircraft weapons platform for small-arms direct suppressive
and escort fire and a limited (small-arms) indircct fire capability
(applicable to the advanced aerial fire support system - AAFSS).
Air Transportable Artillery

Conventional artillery of a physical size and weight that can be
transported by aerial vehicles.

Airmobile Artillery

a. Conventional artillery transported by aerial vehicles (same
as that used for air transportable artillery).

b. Traditional artillery and missile-type weapons mounted and
fired from an integrated self-propelled air vehicle weapons
platform for ground-to-ground indirect fire support (as used
in this study).

Aerial Artillery

An integrated aerial weapons system to provide traditional ar-
tillery indirect ground-to-ground fire support for airmobile and
air assault forces and direct air-to-ground fire support (implies
partially the same meaning as airmobile artillery as used in this
study).




Air-Propelled Artillery

A conventional artillery weapon mounted and fired from an inte-
grated air vehicle weapons platform for indirect fire support
(implies the same meaning as airmobile artillery as used in this
study).

Airborne Artillery

An integrated aerial artillery weapon system to provide a tradi-
tional artillery indirect ground-to-ground fire support (a recom-
mended term for describing this concept which specifies only the
indirect fire support role but does not limit the weapon used to
provide fire support).
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(U) APPENDIX II

STRUCTURAL FACTOR

The ''structural factor' is established as a parametric method of indica-
ting an aircraft's inherent structural capability. The "structural factor"
is limit load factor multiplied by design gross weight. This numerical
reference is used as a comparative tool without going into extensive anal-
ysis. The ''structural factor' should not be applied for finite comparisons
because of variations in structural configuration and load application.

The limit load factors and gross weights for Sikorsky Aircraft are based
on in-house data. The data shown for the other aircraft are based on
published information and on Sikorsky's estimates, and are subject to re-
vision by the cognizant manufacturers. It is believed that these numbers
are sufficiently accurate to indicate these aircraft's relative structural
capability.

It should be noted that with the exception of the CH-53A, all of the limit
load factors fall within a narrow range. The CH-53A is the newest heli-

copter and its limit load factor of (3.0) is probably indicative of future
trends in helicopter design requirements.

TABLE 23 (U)

STRUCTURAL FACTOR

Structural

Limit Load Gross Weight Factor
Aircraft Factor (1b.) (Limit LF x G.W.)
YCH-54A 2.50 38, 000 90, 000
CH-53A 3.0 34,000 102, 000
CH-3B 2.25 17,700 39, 900
HH-52A 2.38 7, 900 18, 800
CH-46A 2.5 18, 700 46, 800
CH-47A 2.23 27,900 62, 000

2217




TABLE 23 (U)

STRUCTURAL FACTOR (Cont.)

Structural
Limit Load Gross Weight Factor
Aircraft Factor (lb.) (Limit LF x G. W.)
UH-1D 2.3 8,800 20, 000
UH-2A 2.17 10, 000 21,700

Note: (1) Gross weight is the estimated weight at which the load factors

were developed originally. They do not represent current opera-
tional or potential gross weights.

(2) The limit load factor is the maximum anticipated load to be ex-
perienced by the helicopter.

228




(U) APPENDIX IIl

WEIGHT AND BALANCE - PHASE I (1964-1970)

INTRODUCTION

This section presents the weight and balance changes required to modify
two existing Sikorsky Aircraft models to the airmcbile artillery concept.

In general the weights of both aircraft have been based on existing hard-
ware, design layouts and analysis, and the information contained in Ref-
erence 1.

The primary aircraft is the YCH-54A, as defined by Reference 31. The
modified version of this aircraft is shown by Figure 5 and Figure 6. This
aircraft has been recoded to the new MIL-STD-451 format and these cod-
ing changes are shown lerein in tabular form along with a group weight
derivation of the modified aircraft.

The alternate aircraft is the CH-3R (S-61A), as defined by Reference 37.
The modified version of this aircraft is shown by Figure 7. The group
weight derivation shown hecein is based on the standard AN-9255 format
used in the above Reference 37.

It should be noted that the primary and alternate aircraft are not directly
comparable due to the use of different coding format.

ABSTRACT

Weight and Balance Summary - YCH-54A, Airmobile Artillery

Item Weight (Ib) Sta. WL *BL
Weight Tmpty 19, 176 346.3 202.2 +3.5
Gross Weight - XM102 Howitzer 33,637 334.8 171.8 +5.9
Gross Weight - 318-mm. Rockets 33, 417 343. 4 176.6 +4.9

*port side (+)
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The recommended fore and aft center of gravity limits as shown in Ref-
erence 32 are as follows:

Fwd. - from sta. 318.4 at 17, 500 1lb. tapering linearly to sta. 328.0
at 38, 000 Ib.
Aft - sta. 357.0

The recommended lateral offsets based on flapping and roll angles at
38,000 lb. are as follows:

Port - BL 18.8
Starboard - BL 9.2

The YCH-54A airmobile artillery configurations require noloading control
since the horizontal and lateral centroids remain within the above limits
throughout the normal operating conditions.

Weight and Balance Summary - CH-3B (S-61A) Airmobile Artillery

Item Weight (1b) Sta. WL *BL
Weight Empty 9,849 268. 6 173.17 -0.3
Gross Weight 15, 380 264.3 155.4 -0.6

*port side (+)

The recommended fore and aft center of gravity limits at all weights for
the CH-3B helicopter are as follows:

Fwd. - sta. 259.0
Aft. - sta. 276.0

The CH-3B airmobile artillery configuration requires no loading control
since the horizontal C. G. remains within the above limits throughout the
normal operating conditions. The symmetrical arrangement of the useful
load rescits in a negligible lateral offset.
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TABLE 24 (U)

WEIGHT EMPTY MODIFICATIONS - YCH-54A AIRMOBILE ARTILLERY

Weight (1b.)

Group Design Criterion or Assumption MIL-STD-451
Rotor Blade positioning is required to prevent
excessive blade stresses caused by blast +142
overpressures
Body 1. Modify structure to withstand effects of
blast overpressures +225
2. Remove aft pilot enclosure - 48
3. Add transmission fairing (dog house) +120
Alighting Modify structure to withstand effects of
Gear blast overpressures + 31
Engine Add engine cowling and fire wall
Section +168
Power 1. Incorporation of transmission fairing
Plant requires moving of oil cooler and addi-
tional ducts and lines + 15
2. Modify main gearbox due to HP increase +180
Instruments 1. Remove aft pilot instruments - 6
2. Add fire control system indicators + 36
Flight 1. Remove aft pilot controls - 17
Controls
Hydraulics Incorporation of transmission fairing re-
quires moving of reservoirs 0
Electronics Remove aft pilot interphone from weight empty - 6
Furnishings 1. Add fire extinguishing and detection system + 65
2. Remove aft pilot seat and equipment - 24
Auxiliary Incorporation of transmission fairing requires
Power Plant exhaust extension and addition of fire wall + 12
Auxiliary Payload requirements permit removal of 10
Gear existing hard points - 40
Total Weignt Empty Changes +853
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TABLE 25 (U)

GROUP WEIGHT RECODING AND DERIVATION - YCH-54A
AIRMOBILE ARTILLERY

SER-64059 Recoded Airmobile
Item AN-9255 MIL-STD-451 Artillery

Rotor Group 4,555 -504 4,051 +142 4,193
Blades 2,115 2,115 2,115
Hinge & Hub Assembly 2,440 -504 1,936 1,936
Blade Positioning - - +142 142

Tail Group 426 - 1 419 - 419
Stabilizer 56 + 3 59 59
Tail Rotor 370 - 10 360 360

Bedy Group 3,198 -525 2,673 +297 2.970
Structure 3,056 -383 2,673 +297 2,970
Provisions for Equip. 142 -142 -

Alighting Gear 1,786 + 17 1,803 + 31 1,834
Main Landing Gear 931 + 25 956 956
Auxiliary Landing Gear 192 + 5 197 197
Tail Skid 31 31 31
Main Landing Gear

Suppts. 632 - 13 619 + 31 650

Engine Section 86 - 27 59 +168 227

Power Plant Group 6,000 +351 6,351 +195 6,546
Engine(as installed) 1,750 + 41 1,791 1,791
Engine Accessories 91 - 35 56 56
Power Plant Controls 26 + 9 35 35
Rotor Drive 3,481 +317 3,798 +180 3,978
Transmission Drive 24 - 24 - -
Starting System 93 - 13 80 80
Lube System 93 53 + 15 68
Fuel System 482 + 56 538 538

Fixed Equipment Group 2, 166 +801 2,967 + 20 2,987
Instruments 194 + 80 274 + 30 304
Flight Controls 430 +731 1,161 - 17 1,144
Hydraulic System 3178 -210 168 168
Electrical 420 + 22 442 442
Communicating 292 - 4 283 - 6 282
Furnishings 265 - 88 1717 + 41 218
Anti-Icing Equip. 26 - 6 20 20
Auxiliary Power Plant 161 + 6 167 + 12 179
Air Conditioning - + 91 91 91
Auxiliary Gear - +179 179 - 40 139

Weight Empty 18,217 +106 18,323 +853 19,176

Oil - Reduction Gearbox 106 In Rotor In Rotor

Drive Drive
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TABLE 26 (U)

MISSION WEIGHTS - YCH-54A AIRMOBILE ARTILLERY

XM102 318-mm.
Item Howitzer Rockets
Weight Empty - YCH-54A, Airmobile Artillery 19,176 19, 176
Useful Load 14, 4€1 14, 241
Pilot & Copilot 400 400
Gun Crew (5) 1, 000 1,000
Fuel - Usable (626. 5 gal) (624.6 gal) JP-4 4,072 4,060
- Unusable (2. 5 gal) JP-4 16 16
Oil - Engine (1. 9 gal) 14 14
- Unusable (0. 8 gal) 3 6
Gun Crew Pod ( 1,164) ( 964)
Pod & Furnishings 335 335
Fire Control Equipment 200 1090
Fire Control System 349 349
Misc. Tools & Equipment 280 180
Weapon Platform ( 4,022) ( 2,561)
Platform, including spading 1,630 1,430
Weapon 2,252 1,071
Fire Control Equipment 140 60
Ammunition & Storage ( 3,305) ( 4,820)
Ammunition 2,520 4, 390
Storage 785 430
Miscellaneous ( 462) ( 400)
4-Point Winch System 380 380
Seat Cushions 5 5
Crew Pod Fairing 15 15
Canvas Covers 62 -
Gross Weight 33,6317 33,411
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TABLE 27 (U)

WEIGHT EMPTY MODIFICATIONS - CH-3B (S-61A)

AIKMOBILE ARTILLERY

Weight
Group Design Criterion or Assumption AN-9255
Rotor Add blade locating + 30
Body 1. Add LHS sliding door and tracks + 49
2. Remove floor extensions - 45
3. Modify main gearbox supports + 2
Alighting Modify structure to accommodate rocket pods
Gear + 10
Power 1. Replace T58-8 engines with T58-10 + 92
Plant 2. Replace existing main gearbox with the
CH-3C main gearbox to accommodate in-
creased HP and APP + 96
3. Remove self-sealing feature on fuel cells -288
Instruments Add fire control system indicators + 36
Electrical Re:mmove extra battery _ - 65
Electronics 1. Replace existing elec‘ronics with those
used in the YCH-54A, AMA + 9
2. Remove the Doppler antenna from the fire
control system and add it to this system + 26
Armament Add lines, plumbing, etc. for hydraulic
control of rocket pods + 35
Furnishings 1. Add heater + 28
2. Add personnel ladders for aft doors + 14
Anti-Icing Add anti-icing + 20
Auxiliary Add CH-3C auxilia.y power plant +194
Power Plant
Total Weight Empty Changes +243
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TABLE 28 (U)

GROUP WEIGHT DERIVATION-CH -3B(S-61A) - AIRMOBILE ARTILLERY

SE-1505 Airmobile
Item AN-9255 Artillery
Rotor Group 2,033 + 30 2,063
Blades 1,039 1,039
Hinge Assembly 816 816
Hub 170 170
Fairing 8 8
Blade Locating + 30 30
Tail Group 151 0 151
Stabilizer 30 30
Tail Rotor 121 121
Body Group 2,342 + 6 2, 348
Alighting Gear 391 + 10 401
Engine Section 129 0 129
Power Plant Group 2,847 -100 2,747
Engine (as insialled) 595 + 92 6817
Engine Accessories 19 19
Power Plant Controls 19 19
Rotor Drive 160 + 5 165
Transmission Cooling 58 58
Transmission Drive 1,428 + 91 1,519
Starting System 34 34
Lube System 31 31
Fuel System 503 -288 215
Fixed Equipment 1,713 +287 2,010
Instruments 172 + 36 208
Flight Controls 459 459
Hydraulic System 42 42
Electrical 520 - 85 455
Communicating 273 + 35 308
Armament Provisions + 35 5
Furnishings 237 + 42 279
Anti-Icing Equipment 10 + 20 30
Auxiliary Power Plant +194 194
Weight Empty 8,606 +243 9, 849




TABLE 29 (U)

MISSION WEIGHT - CH-3B (S-61A) AIRMOBILE ARTILLERY

Item Weight
Weight Empty - CH-3B, Airmobile Artillery 9,849
Useful Load 5,531
Pilot & Copilot ( 400)
Weapor Crew (5) ( 1,000)
Fuel - Usable (195 gal) JP-4 (1,266)
- Unusable (3.0 gal) JP-4 ( 20)
Oil - Engine (4.3 gal) ( 32)
- Unusable (0. 7 gal) ( 5)
- Transmission (12. 7 gal) ( 95)
Armament ( 1,058)
YCH-54-AMA Fire Control System less Doppler Antenna
and FADAC Computer 147
Fire Control Equipment 240
Rocket Pods (2) 450
Rocket Storage 221
Ammunition ( 1,614)
4. 5" Rockets - Pods (14) 602
- Stored (24) 1,012
Troop Seats ( 30)
Seat & Back Cushions ( 11)
Gross Weight - CH-3B Airmobile Artillery 15,380
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(U) APPENDIX IV

EQUIVALENT PARASITE DRAG ESTIMATE

Estimates were made of the equivalent flat-plate (parasite drag) area "'f"
of the various aircraft configurations as shown in Table 30. The same
estimates are used for both weapon installations on the Phase I YCH-54A
system and the 60-ft. -diameter Phase II aircraft system because actual
differences in drag between similar exicrnally placed weapons cannot be
established without some form of test program.

The estimates for Phase I aircraft are based on additions to kmown "'f'' for
these existing aircraft. E£stimates for the additions to the Phase I air-

craft and for the Phase II aircraft systems are based on information pre-
sented in Reference 59, Fluid Dynamics Drag.

TABLE 3C (U)

EQUIVALENT FLAT-PLATE AREA "f"

AIRCRAFT
Phase 1 Phase 11
Item YCH-54A S-61A Primary Alternate

Fuselage 26. 2 5.12 4.1 3.2
Main Rotor Pylon 6.2 2. 36 1.4 1.4
Main Rotor Head 15. 65 9.92 10.0 7.0
Tail Rotor Head 2.8 1. 76 2.8 2.8
Main Landing Gear 13.1 8. 00 8.0 8.8
Tail Landing Gear -——- . 46 1.3 .5
Tail Rotor Drive-Shaft Cover -——— -——— .3 .3
Vertical Tail Stabilizer .6 .37 .6 .6
Horizontal Stabilizer 1.5 .25 1.2 1.2
Engine Nacelles -——- -—— 2.2 2.2
Rocket Pods ---- .16 ---- -—--
Rocket Pod Supports ——-- 1.68 ---- -———-
Windows -—— -——- -———— .2
Sponsons -—-- -——- -———- 2.06
Weapon Platform - (Left Side of

Cabin) 17.5 -——- 6.0 -———-
Trail R. H. Side -——— ———- 1.0 -———-
Armament ———— ---- 15.8 7.20
Antenna ———— ———— 4 40
Nose Landing Gear 2.6 ~——— ———— _————




TABLE 30 (U)

EQUIVALENT FLAT-PLATE AREA "f" (Cont.)

Item

Tail Rotor Drive Shaft &
Supports

Ammunition Pod

Gun Crew Pod

Protuberances

Momentum Losses

Misc. Leakage, etc., 5% Total
A/C Drag

Total 'f'" = (sq. ft.)

AIRCRAFT
Phase 1 Phase 1
YCH-54A S-61A Primary Alternate
2.0 ——— -———- ——--
20.0 -———- ———- -———-
7.0 ———— ———— ————
3.0 2.05 1.0 1. 00
———- 1. 17 2.0 2.00
5.0 ———— 2.2 3. 56
109. 33.3 60. 3 44. 4
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(U) APPENDIX V

LATERAL C.G. EVALUATION

An analysis of the YCH-54A's trim in hover was made to determine the
effect of the unusual lateral c.g. caused by the outboard weapon installa-
tions. The analysis was made for two gross weight conditions represent-
ing average aircraft weight for extreme payload conditions.

A static study was made by summing the forces and moments in the lateral
plane and thus determining bjg and ¢ as functions of lateral c.g. location
and gross weight. The following conditions were assumed:

1. Neutral longitudinal c. g.

2. Sea Level Standard Day

3. Gross Weight: 27,000 pounds and 38, 000 pounds

4, Vertical drag: 5%

The results of the study are shown in Figure 53 as a plot of bjg and ¢
versus c. g. location in hover. These results indicate the following:

1. The aircraft variation in lateral c. g. position from 3.5 in. to
5.9 in. (Reference Appendix II) is well within the allowable con-
trol limits of ithe aircraft, as shown in Figure 53.

2. The aircraft's flight position will vary in roll from approximately
.5° to 1. 25°.

3. A larger c.g. offset can be accepted on the ieft-hand side of the
aircraft, where the weapon is installed, than on the right-hand
side of the aircraft.

4. That large changes in aircraft weight for the c. g. locations de-
veloped in the weight and balance study of 3.5 in. to 5. @ in. re-
sult in small changes in aircraft roll (¢) and main rotor flapping
(bis) angles.
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(U) APPENDIX VI

STRUCTURAL ANALYSIS - PHASE I

(U) STRUCTURAL EVALUATION, YCH-54A

In order to determine which zones would require structural modifications
due to excessive blast overpressures, the ultimate capabilities of those
zones closest to the muzzle were evaluated. The ultimate capabilities of
the frames and stringers in these areas are listed in Table 31 below. The
capabilities were determined by comparing the stresses resulting from a
unit uniform pressure with the ultimate allowable stresses.

TABLE 31 (U)

ULTIMATE CAPABILITY OF YCH-54A FUSELAGE

Zone Frame Stringer Intercostal

STA PSI PSI PSI

3 124 14. 3 3. 56 6.0
4 154. 1. 385 5.2 --
5 191.¢ 1. 385 5.2 --

6 229. 1. 385 7.15 10. 6

7 So -- 9. 60 10.6
8/9 453. 0.726 6.7 --
9 510. 0. 726 6.7 --
10 -- -- 5.1 --
11/12 -- -- 5. 32 -

It should be noted that the skin capabilities have not been determined
since the stresses in the skin are not directly proportional to the load.

Therefore the skins must be analyzed for the actual pressures.
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The analysis to determine the frame and stringer capabilities is as
follows:

Evaluation of Frame and Stringer Capabilities

Zone 3 (Reference Figure 54):

The frame at station 124 is not continuous but is broken by inter-
costals which run from F.S. 112 to F.S. 136. The frame and inter-
costals are critical in the areas shown below.

— — B wl 159 1.0

l/ -I_ l:- 1.25 ¢
I_ _L [TO hole

t » .050 TOT5 TO
S jf::_:l | cbafhagion: | | rlioetes 5 Section A-A Frame

B
bl
=1t = |'—'I' —_0 - THEE+—— w1 137
? | 1.0
| T t = .05
7075 TO
I + Ly,

Section B-B Intercostal

== s :r =

il-n-—q-—

'
|

|
N I

050
4- + ‘E 4 wl 112
Sta. Sta. Sta. Sta. =
11z 118 12k 130 136

Figure 54. (U) Zone 3 Frame Arrangement
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_ 2
IZ 2(.975)(.05)(1.98) + 975 .050 skin
d 3.953 T
75 (-05) 3. 95 1.98
= .382 + .256 = .638 —— —‘—*.
_1,690(1.98) _ . 1.98
fc = - 638 = - 5,250 psi 1
——
b/t = =221 ____ 13 1>
~.050 + .025 Section B-B (Figure 54)
fcu = 31,500 psi (Reference 46)

31,500 3
SRLE KA AR
Pult 5,250 6.0 psi

Attachment of Intercostal to Frame at Sta. 136:

3 - BJS rivets in single shear

PS allowable = 3(594) = 1,770 1b. (Reference 60)
P = 211.5 1b.

Pujt = 1,770/211.5 = 8.4 psi

Stringer Analysis:

Stringer at B.L. 12 - bottom (s.s. 1507-3A)
Simply supported span = 24.0

Lateral load = 5.8 lb. /in.

_wL? _ 5.8(29)%
8§ - 8

M = = 420 in. -1b.

Frame Analysis:
The frame at station 124 carries a uniform load of 6 lb. /in. and

is simply supported between the intercostals at W. L. 112 and 137.
(Reference Figure 54)
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sz
M =
max 8

6. 0(25)°

469 in.-1b.

el
1

2[.95(.05)(1.98)2] + 1—12-[(.05)(3.95)3 - .05(1.25)3}

.372 4 112—[3.0': - .098] = 372 + .247

- .619 in.4 g3 ——
469(1.9 1'35‘ +99
f - 469(1.98) _ , 509 pi t = .05
C .619 *
- 4

b/t .95/.050 = 19.0

f., = 21,500 psi (Reference 60) 1.35 ‘
9

21,500 .
= —L—— -
Pult 1,500 - 14-3psi Section A-A (Figure 54)

Intercostal Analysis:

The intercostal at W. L. 137 carries the following loads for @
unit pressure on the fuselage.

1kl 1kl b1

t | 1

211.5 211.5

M = 211.5(12) - 141(6) = 2540 - 850 = 1690
max

244




Lateral motion (z) is prevented by skin.

__ 1.01(.04)(.5) + .23(.04)(1.01) .
Z % T 896(.072) + 1.24(?04) i 072

.020 + .0093
.050 + .050 1.01 .0ko0

= .293 in. .23

I, = .696(.072)(.203)° + .23(.04)(117)7 + 5 (0a)(L. 013 4
2

1075 TO

.04(1.01)(.207)
= .0043 + .0047 + .0034 - .0012

= .0141 in.4

(- A2206293) _ g g9 psi

c .0141

= 22T | 51 557 psi

b/t = .696/(.040 + .016) = 12.4
fcu = 35,000 psi (Reference 60)
ftu = 76,000 psi (Referance 46)

76,000 .
Pult = ﬁ:.‘}S—? = 3.56 psi

Zone 4 (Reference Figure 22)

Frame Analysis:

The typical frame in this zone is at station 154.5. This frame
carries a load of 18.5 1b. /in. due to the assumed unit normal pres-
sure on the fuselage. The load is transmitted iuto the frame through
the stringers. The location and magnitude of the applied loads are
shown in Figure 55.

245




52.6 105.2 90.5 70 90.5 105.2 52.6

a.s-J,_i__i_in—,‘g__,}‘— 64,6
125 —=qb 3h|w—-"25
120 — 5 33| 120
128 —=6 ; jole—108 2P = 39-85
126 —*|7 31=—126
118 —|8 30|-=—2118

|

118. 3 == h!ul_ 1e 25=—118.3

118 —=11 z7|[=—118
186 —"is 26 |=—126

[
128 —=13 25=—2128
120—*1k : 24120
125 ——--1I§ 23 fe—125

R s e
52.6 105.2 5 T0 ‘5 5.2 52.6

Figure 55. (U) Frame 154.5, Applied Loads
due to a Unit Uniform Pressure
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TABLE 32 (U)

FRAME 154.5 WITH HORIZONTAL AXIAL TIE SHEARS, BENDING

MOMENTS, AND AXIAL LOADS

Elem, Hor. Vertical
Sta. Moment (M) Force (H) Force (V) Axial Load  Shear
0 -368. 388. -35. -388. -35.
1 -517. 388. -125. -388. -125.
2 -1238. 388. -231. -388. -231.
3 -1875. 324, - 283. -429. -30.
4 -4217. 199. - 283. -283. 199.
5 564. 79. - 283. -283. 79.
6 1374. -49. - 283. -283. -49.
7 1016. -175. -283. - 283. -175.
8 -81. -293. -283. -283. -293.
9 -1945. -412 - 283. -283. -412.
10 -2508. 332 - 283. -283. 332.
11 -898. 214 -283. -283. 214.
12 482, 88 -283. -283. 88.
13 1113 -40. -283. -283. -40,
14 855. -160. - 283. - 283. -160.
15 -185. - 285. -283. -283. -285.
16 -1298. -350. -231. -418, -28.
17 -852. -350. -125. -350. 125.
18 -130. -350. -35. -350. 35.
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TABLE 32 (U) (Cont)

Elem. Hor. Vertical
Sta. Moment (M) Force (H) Force (V) Axial Load  Shear
19 19. -350. 35. -350. -35.
20 - 130. -350. 126. -350. -126.
21 -852, -350. 231, -350. -231.
22 -1298. -285. 283. -398. -93.
23 - 185, -160. 283. - 283. 160.
24 855. -40. 283. -283. 40,
25 1115, 88. 283. -283. -88.
26 482, 214, 283. - 283. -214.
27 -898, 332. 283. -283. -332.
28 -2508, 332. 283. -283. -332.
29 -1945. - 293. 283. -283. 293.
30 -81. -175. 283. - 283. 175.
31 1016. -49, 283. -283. 49,
32 1374. 79. 283. -283. -79.
33 864. 199. 283. -283. -199,
34 -427, 324. 283. -283. -324.
35 -18175. 388. 231. -449, -51,
36 -1238. 388. 126. -388. 126,
37 -517. 388. 35. -388. 35.
38 -368. 388. -35. -388. -39.
P - -744.
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The fuselage frames have axial ties which carry compressive
load. It is therefore necessary to determine the maximum compres-
sive load which the axial tie can carry.

Frame 154.5

3.0

Local Crippling of Axial Tie T—:
| }.1.251 l
l \f\ ¥
B q‘ \-/ ,B

Thickness - . 040

Material - 7075 TO

2.96
2
'73L tm.ob 373
Section A-A;
Element b t b/t A f P
cu cu
1 .73 .04 18. 2 . 029 23000 670
2 2. 96 .04 74.0 .118 13500 1590
3 .73 . 04 18. 2 . 029 23000 670
P = 2,930 lb.
cu
.855 .855
Section B-B: -73| 1 tm.OL .T3
Element b t b/t A fcu P,
1 .73 .04 18. 2 . 029 23000 670
2 . 855 .04 21.4 . 034 16500 630

P = 2,600 lb.
cu
Column Buckling of Axial Tie:

The effective length of the tie as a column
is a function of K, the frame torsional stiff-
| ness factor of the column, and EI/L.
| (Reference 44)
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2 . 73(. 04)(. 365)

2 = 1730 + . 855)2(. 04) = 2
A [ — S A
. .266 . f
1565 1 Lo .730 t = .0MO -T30

—
|

- 2 [1—12— (. 04)(. 73)° + . 73(. 04)(. 197)% + . 855(. 04)(. 165)2}

2 |: 0013 + .0011 + .00096]

I

. 00672 in. 4

L 26. 0 inches

The Column Stiffness Factor:

10.5x 10° (. 00672) _ 3

EI/L = 55 2.71 x 10° = 2,710

Frame Torsion Spring Constant:

39 ) s m—
lﬂ \ Horiszontal portion

of freme
’ ‘ \ =————Vertical portion of frame

Vertical Portion:

1/2 (« a) 1/2
L = 26.0
I = .00672
VUL M - - 1
ET - ~ 2EI
y' = t: SR C
2EI
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1 26
4 (10.5 x 10%) (. 00672)

26

= 7 =0 93 x 10”4 rad.
28.2 x 10

Horizontal Portion:

\ \ ki
1/2 } i ) 1/2

> 5 be+3

[. 73(. 04)3 + . 855(. 04)° ] - 6.343 x 107°

C

St

05(38 5)
4.2x10 6.343 x 10~ >

Sl

AN

e __&5-1— = . 0725 rad. /in.-lb.

26.6 x 10

- 1 = .
K = 0795 - 13. 8 rad. /in. -1b.

K 13.8

El/L 2,710 - - 0051

The Buckling_ Load for the Axial Tie:

%m0 86 (10. 5 x 10°) (.00672) 695 x 105
P_ - - - - 1,030 1b.
B~ |2 262 675
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The maximum load which can be carried by the axial tie before
failure occurs by buckling s 1,030 1b.

Frame 154. 5 has twe axial ties: one at B. L. 1.5 on the right
and one at B. L. 28.0 on the left. A comparison of the frame bend-
ing moments, without any tie and with only one tie at the extreme
left, indicates that the tie at the extreme left does not reduce the
maximum bending moment significantly. Therefore it is assumed
that this tie does not exist and the moment distribution with the cen-
trally located tie is used for analysis.

Analysis for Unit Pressure:

Axial Tie

Load in axial tie 744 1b. (Reference Table 32)

Allowable load

1,030 1b.

Pult = 1,030/744 = 1.385 psi
Frame: Skin, Top - .032

Bottom - . 040

L.H. -R.H. - .040

Station 28 = M = - 2,508 in. -lb. (Reference Table 32)

_ . 072(. 73)(2. 98) + 2. 98(. 040)(1. 44) =
Z =7 73(.072 +.04) + 2.98(. 04) ———— .072
.0ko
_.1566 + . 1776 A
=~ 082 +. 119 2.38 T T} 703
.00 T
= .3342/.201 = 1.66 in.
TS 4 o

Pt
|

- —112-(. 04)(2. 98)° + . 04(2. 98)(. 17)2 + . 73(0. 072)(1. 32)% +

.73(.04)(1.66)°

088 + . 0034 +.092 + .080 = . 2634 in.?
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2,508(1. 66)

fc = 5634 15,806 psi
b/t = .73/.04 = 18.3
— 23,000 psi (Reference 60)

pult = M = 1.450 pSl

15,806
The frame is capable of carrying 1. 45 psi (ultimate) but the axial
tie will buckle at 1. 385 psi (ultimate). Pult (for frame 154.5) -
1. 385 psi.

Stringer Analysis:

Typical stringer in zone 4: .T0
S.s 1507-3A 7075 TO -Oite
Ski. .032 2024 T3 e
r.ozy —
= - 23(.040)(1. 025) + 1. 025(. 04)(. 513)
z .70(. 072 + 1. 255(. 04) Jae
. 0094 +.0210 .23
= .050 +.050
= . 304 in.
2 2 1 3
I, = .70(.072)(. 304)° + . 23(. 04)(. 121)" + 15 (- 04)(1. 025)" +
1.025(.04) (. 209)2
= . 0047 + . 0048 + . 0036 + . 0018
= . 0149 in4
Lateral load = 6.5 Ib. /in. vab.5 +
I IIIIIIrIrIIIrrris)
- 71/;)'& —
} Rp |RA Positive

.136 Sta. 154 .5Bendire
l 18.5 |
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2

Mmax, = -“-%—- (negative)
+ 9 2 iy
Mmax = 128 wl® (positive)
_3 =3
RA —ﬁ_WI RB = 8 wl

Negative Bending:

2 2
M =¥ 6.518.5) " _ H5agin 1.
8 8
278(. 721)

fC = Wg——' 5 o 13,450 })Si
(- 278(.305) g eno

t  .0149
_ .230 _
b/t = = 5.75
cu - 70,000 psi (Reference 60)
70,006 .
p R A
ult 13,450 5.2 psi

Positive Bending:

Tg—Ble = 157 in.-1b.

o 157(.304) .
tC = —'(n—49—L— - 3,200 ps1

P 11 (15 -1V NP

t . 0149

M

b/t = .70/.056 = 12.5
fcu = 29,000 psi (Reference 60)
Py - 29,000 _ .

ult —1———3,200 9. 05 psi
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Zone 5 (Reference Figure 21)

The typical frame in this zone is at F. S. 191.5. This frame is
the same as, and therefore has the same capability as, the frame at
F.S. 154.5 (Zone 4).

The critical stringer is a SS1507-3A which is fixed at F.S. 191.5
and simply supported at F. S. 210. The stringer is therefore identi-
cal with the critical stringer in zone 4 and has the same ultimate
capability.

Zone 6 (Reference Figure 21)

The representative frame in this zone is at F. S. 229.0. This
frame is identical with the frame at F. S. 191.5 (zone 5) and there-
fore has the same ultimate capability of 1.385 psi.

The critical stringer is a SS1507-7TH stringer adjacent to the
longeron. The stringer carries a uniform load, due to the unit pres-
sure, of 6.375 1b. /in. on a span of 18.0 inches. It is simply sup-
ported at F.S. 210 and is considered fixed at F.S. 229. The fuselage
skin at the critical stringer is .040.

The critical intercostal is a SS1506-F436y which carries a load of
5.2 1b. /in., due to the unit pressure. It is simply supported at F. S.
248 and F.S. 283.5. The skin on the side of the fuselage acting with
the intercostal is .050.

Stringer Analysis: <695

__.225(.050)(1. 018)(. 05)(. 501)
T .695(.090) + 1.243(. 050) 1.018

\

_.0114 +.026 .
- .063 + .062 = LU ‘.——q

.225(.05)(. 718)% + . 695(. 04)(. 3)% +

—t
n

z

L (05)(1.018)° + 1.018(. 05)(. 201)2
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. 0058 + .0056 + .0044 + . 0021

. 0129 in.?

=
1]

w = 6,775 1b/yin,
[IIJIIII IIlIITTLrLJJ,

L—lp__q

Q

9 2
M (positive) = 128 wl
. wl
M (negative) = B

M (positive)

1,)8 (6 375;(1 ) =+ 145 . -1,

M (negative) = —é (6. 375)(18)2 = - 259 in.-1b.

Positive Moment;

M
£ =X
X I

_ 145(.300) _ _

fc = 0179 = - 2,430 psa
, =23%L102) - 5,700 psi
b/t =.695/.070 = 9.9
e 37,000 psi (Reference 60)
Py _ 37,000 _ .
ult 2,430 15. 2 psi
ftu = 76,000 psi (Reference 46)
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Pult = 7—562%)- = 13. 3 psi
?

Negative Moment:

g2 289CT02) 0000 0c

c ~ .0179
_ 259(. 300) _ .
ft =— o119 - * 4,330 psi
b/t = 0.225/.05 = 4.5
T 73,000 psi (Reference 60)
Pyjt = 13,000 _ :
ult 10,200 7. 15 ps1
i /.030 + .050
Intercostal Analysis: ! 1.1§.— .0%
3-0
Material: Skin 2024 T3 1 -032

Intercostal 7075 T6

__.75(.032)(3.0) + 1.84(.032)(2.08) + 1. 16(. 05)(. 58)
Z Z771.16(. 05) + . 75(. 10) + 1. 84(. 032) + . 75(. 032)

.072 +.122 + .034
.058 +.075 + .054 +.024

. 228
. 218

= 1. % m.

.75(. 032)(1. 94)2 + . 75(. 10)(1. 06)2 +

—t
1}

75 (-05)(1.16) + 1.16(. 05)(. 48)? +

3 (032)(1.89)° + 1.84(. 032)(1. 02)
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IZ = 0.040 + .084 + .0065 + .013 +

0.0166 + .061

= 0.271 in.4

wi® _ 5.70(35.5)°

ST 8

_ 895(1.06) _ ;
fC = ‘.—TI—I——)— = - 3,500 PSi

g -3895(1.94) _ ¢ 400 psi

= 895 in.-lb.

t .27
b/t =.75/.075 = 10
—_ 37,000 psi (Reference 60)
P, - 37,000 _ .
ult 3,500 10. 6 psi
ftu = 76,000 psi (Reference 46)
76,000 .
p LSy N N
ult 6,400 11. 9 psi

Zone 7 (Reference Figure 21)

The critical intercostzl is identical to that of zone 6 and there-
fore has an ultimate capability of 10. 6 psi.

The typical stringer in this zone is a SS1507-7TH which is adja-
cent to the longeron. It carries a uniform load of 4.5 lb. /in. on a

span of 18 inches.

The frames in this zone have no bending continuity, and there-
fore serve only as lateral supports for the intercostals. The pres-
sure loading is carried by the bulkheads at F.S. 400 and 435. 5.
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Stringer Analysis:

. -225(. 03)(. 988) + . 988(. 05)(. 494)

T . 695(. 10) + . 988?. 05) +. 225(. 05.) -695 .100
_ .011+.024 .588 :
T ,0645 + . 049 + . 011 .050

.035 . s 0%
= 1995 - . 270 in.

[ o]
1l

.225(. 05) (. 72)% + . 695(. 10)(. 27)° + 15 (- 05)(. 988)° +
. 488(. 05)(. 22)2

. 0058 + .0051 + .0040 + .0024

- .0173 in.
M (positive) = 9/128 wl2
M (negative) = 1/8 wl2

Positive Moment:

M (positive) = 9/128 (4. 5)(18)>
= 103 in.-lb.

_103(.27) _ .

IC =~o173 - 1,600 psi
_103(.72) _ .

ft = =0173 - 4,290 psi

b/t = .695/.075 = 9. 27

fcu = 37,500 psi (Reference 60)

ftu = 76,000 psi (Reference 46)

Pult = 76,000/4,290 = 17.175 psi
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1
1
i

| Negative Moment:

M (negative) == (4. 5)(18)% = 182 in.-1b.

} fc = i%(ﬂlzf)_ = - 7,600 psi

‘ f, =-32C20 - 5,850 psi
b/t = .225/.05 = 4.5
fcu = 73,000 psi (Reference 60)
Pult = 73,000/7,600 = 9.6 psi

Zone 8-9 (Reference Figure 23)

Frame at F. S. 453.5 is commor. to both zones 8 and 9. The
load on the frame due to a unit pressure is 18.5 lb. /in. and is ap-
plied at the stringer stations (Reference Figure 36).

The stringer which is critical is a SS1507-7TH stringer on the
upper portion of the fuselage where the skin is . 040. The load is
6. 375 b, /in., due to the unit pressure, and the stringer is consid-
ered simply supported at F.S. 435.5 and fixed at F. S. 453. 5.
Frame Analysis:

Column Buckling Load of Axial Tie:

Simply supported length = 36.5 in.

= . -73( 040)(. 365)(2) T te.o0 T3
2[.73 +.73](. 404) ] o I 4
Y & :

. 183 in.

et
1l

2 [1_12 (. 04)(. 73)% + . 04(. 73)(. 182)% + . 73(. 04)(. 183)2]

2[.0013 +.00097 + . 00097]

. 00648 in.4
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Figure 56. (U) Applied Loads to Frame 453.5 due

to a Unit Uniform Pressure
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_ 7%E1 _ 9.86 (10.5 x 10°) (. 00648) _ 670 x 10°
B~ 2 e 1330

= 503 1b.

Compressive load in axial tie for a unit fuselage pressure = -691 1b.
(Reference Table 33)

503 .
P = =
ult 691 0. 726 psi

Bending in the Frame:

Section 17 (Reference Table 33) -13 0
.48
M = 1,255 in.-lb. 1
g 2.96 | . —— s
Pc = 370 lb.
A = (2.96 + 1.46) .040 = . 177 in.” =

2(. 73)(. 04) (1. 48)% +

—
1

1 3
1z (. 04)(2. 96)

128 +.086 = .214 in.?

[ -_=370  -1255(1.48)
c ~Lam*t .214

-2,100 - 8,700 = -10,800 psi

b/t 18.2

fcu 23,000 psi (Reference 60)

P, —_23,000 _ .
ult —’———10’ 800 2. 13 psi
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TABLE 33 (U)

FRAME 453.5 WITH HORIZONTAL AXIAL TIE SHEARS,
BENDING MOMENTS, AND AXIAL LOADS

ZP = 38.000
Elem. Hor. Vertical
Sta. Moment (M) Force (H) Force (V) Axial Load Shear
0 8170. 369. 0. -369. 0.
1 8170. 369. -113. -369. -113.
2 231. 369. =225, -369. -225.
3 -1046. 369. -338. -369. -338.
4 -2112, 311. -395. -499. -60.
5 -755. 190. -395. -395. 190.
6 479. 73. -395. -395. 73.
7 945. -50. -395. -395. -50.
8 589. -173. -395. -395. -173.
9 -5317. -288. -395. -395. -288.
10 -2064. 281, -395. -395. 2817.
11 -239. 172. -395. -395. 172.
12 865. 49, -395. -395. 49,
13 1223. -14. -395. -395. -14.
14 745. -191. -395. -395. -191.
15 -493. =312, -395. -395. =312,
16 -2321. -310. -338. -501. -23.
17 -1255. -3170. -225. -370. 225.
18 21. -3170. -113. -3170. 113.
19 660. -310. 0. -3170. -0.
20 660. -3170. 0. -370. -0.
21 660. -310. 113. -370. -113.
22 217, -370. 225, -370. -225.




TABLE 33 (U) {(Cont)

FRAME 453. 5 WITH HORIZONTAL AXIAL TIE SHEARS,
BENDING MOMENTS, AND AXIAl. LOADS

ZP = 38.00
Elem. Hor. Vertical
Sta. Moment (M) Force (H) Force (V) Axial Load Shear
23 -1255. -3170. 338. -3170. -338.
24 -2321. =312, 395. =500. -59.
25 -493. -191. 395. -395. 191,
26 745. -4, 395. -395. 4.
27 1223, 49, 395. -395. -49,
28 865. 172. 395. -395. -172,
29 -239. 281. 395. -395. -2817.
30 -2064. 402, 395. -395. -402.
31 -537. -173. 395. -395. 173.
32 589, -50. 395. -395. 50.
33 945, 13. 395, -395. -13.
34 479, 190. 395. -395. -190.
35 -755. 311. 395. -395. -311.
36 -2112. 369. 338. -500. -22.
37 -1046. 369. 225. -369. 225.
38 2317. 369. 113. -369. 113.
39 870. 369. 0. -369. ! 0.
40 870. 369. 0. -369. 0.

P = -691.
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Section Halfway Between 16 and 17 (Reference Table 33):

P, = (-501-370)/2 = - 435
M = - 125552321 = - 1,790 in-lb.
A = (4.26 + 1.46) .04
- .220 in. 2
_ 2 1 3
Iz = 2(.73)(. 04)(2. 13)" + i (. 04)(4. 26)
4 «T3
= .264 +.256 = .520 in. ¥
. _ -435  1290(2.13) 2.13
c . 229 .520 k.26 i p.{d
= -1,900 - 7,300 = -9,200 psi
b/t = 18.2 g
fcu = 23,000 psi (Reference 60)
Pult = 2.50 psi

The frame has an ultimate capability of 2. 13 psi but column failure of
the axial tie is critical.

Capability of Frame: Pult = 0. 726 psi

Stringer Analysis:

Z = .270in =% .090
I = .0173 1n.4 - %
z 1.0
.9 .2 .050
M (positive) = 128 wl -
0:25

M (negative) = % wl2
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Positive Moment:

_ 9 2 .
M = 128 (6.375) (18)" = 145 in. -lb.
145(. 27) .
fc = : 0(1 3= -2,270 psi

f, = ABLD) _ 5 100 psi

t . 0173

b/t = .695/.070 = 9.93

fcu = 37,000 psi (Reference 60)
Pult = 37,000/2,270 = 16.3 psi
ftu = 76,000 psi (Reference 46)
Pult = 76,000/6,100 = 12.4 psi

Negative Moment:

M —- (6.375) (18)> = 258 in. -Ib.

_ 258(.73) _ .
., = —"gr3— - - 10,900 psi

_ 258(.27) _ .
ft = —.FIKWL— 4,000 pPSsl

b/t = .225/.05 = 4.5
fcu = 73,000 psi (Reference 60)
Puit = 173,000/10,900 = 6.7 psi

Zone 9 (Reference Figure 22)

The frame at F.S. 510 carries nominally the same load and has
the same section properties as the frame at F.S. 453.5. We can
therefore assume that both frames have the same ultimate capability
of 0. 726 psi.

266




The stringer which is critical is the same as the one in zone 8
and therefore has an ultimate capability of 6. 7 psi.

Zones 10, 11, and 12 (Reference Figure 22)

The main landing gear support structure consists of zones 10,
11, and 12. There are no frames, and therefore only the stringer
capabilities can be evaluated.

It should be noted that besides the load from the pressure on the
top and bottom of the structure, the stringers carry a compressive
load which is transmitted from the fore and aft fairing.

Zone 11-12

Stringer: 1.75 x 1.25 x . 125 simply supported (extrusion) over a
span of 33.5 inches.

Load: For unit pressure: 10.75 lb. /in.
a .050 skin acts with the stringer in resisting bending

— _ 1.80(. 125)(. 42) + 1.125(. 175)(. 088)
Y = T1.80(. 125) + L. 125( 175)

rc—l.ZS——v'
_ 224 oo _ 4050

.422 '

P A

S o

I = %2(. 125)(1.71)3 + L 71( 125)(-408)2 1.80

y A
+ 1.19(. 175)(. 442)° id d

.12
- .129in. 4

w 1b. /in.

— _—

=

P = 14(10.75) = 151 Ib.
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M = wjz(sec %U-l) (Reference 45)

-
P
I = moment of inertia about the horizontal axis
u =1/
. 10.5x10% x (. 129) V2
) = 151 = 95.0
U = 33.5/95 = .353 radians

sec. 1/2U = sec. (.177) = 1,0152

M_ = 10.75(95)% [ 1.0152-1] = 1,480 in. -Ib.

e 1,480y
x 422 v T .129

. 1, 480(. 53)
fo = -360 -~y

= -6,460 psi

_ 1,480(1. 27)
f = -360 + g

= 14,240 psi

Horizontal Leg:

b/t = 1.19/.150 = 7.95

= 67,000 psi (Reference 60)

ftu = 76,000 psi (Reference 46)

Puit = 3 5.32 (tension)
14. 24
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Zone 10 - Upper

Stringer 1.5 x 1.25 x . 094 extrusion 7075 T6
Skin - . 064 in.

Simply supported span = 27.5

Lateral load = 9. 25 lb. /in.

Compressive load = 10 (9.25) = 92.5 lb.
2
M = wj“ (sec. 1/2 U-1)

j2 EI/P po—1.203 —]

1/j

_1.203(0. 158)(. 601) 1.426
" 1.426(. 094) + 1.203(. 158) L

U

N|

114
="394 = . 352 in. .094
1 3 2 2
I, = 5 (094)(1.426)° + 1. 426(. 094)(. 419)° + 1. 203(. 158)(. 294)
- .0626 in. 4
2 10.5x10%( 0626)
o= 92.5 = 1,100
i = 84.5
27,5 _
U =512 = .326
sec. 1/2 U = sec. (.163) = 1.0135

M = 9.25 (7,100)(.0135) = 285 in, -lb.
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P EL
f =T+

I

_ 92,5 " 885y

T T .324 . 0626
{ - -85 - 885(. 352)
c < . 0626

= -5,285 psi

_ 885(1. 074)
ft = 285 + 0626

= 14,865 psi
b/t = 1.203/.126 = 9.55
fcu = 55,000 psi (Reference 60)
ftu = 76,000 psi (Reference 46)
p - 76 - .
ult 14. 865 5.1 psi

TABLE 34 (U)

BLAST OVERPRESSURES ON YCH-54A DUE TO 105-mm. HOWIT ZER

(Zone 7 Charge)

Zone Average Pressure Remarks
(psi)
Limit Ultimate

1 2.0 3.0 Vent for "0" psi

2 1.5 2.25

3 2.5 3.75

4 4.0 6.0

5 7.0 10. 5
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TABLE 34 (U) (Cont)

BLAST OVERPRESSURES ON YCH-54A DUE TO 105-1am. HOWITZER

(Zone 7 Charge)

Zone Average Pressure Remarks
(psi)
Limit Ultimate
6 14.0 21.0 Left side ) -simultaneous
14.0 21.0 Top ) condition
6 14.0 21.0 Quarter Top ) -Skin and
5.0 .5 Far side ) stringers only
7 8.0 12,0
8 5.0 7.3
9 2.25 3.38
10 8.5 12, 75 Upper
6.0 9.0 Lower
11 19.0 28.5 Upper
11.0 16.5 Lower
12 15.0 22,5 Upper
8.5 12,75 Lower

(U) Dynamic Response of YCH-54A Fuselage to Blast Loading

The structure must be analyzed for both static application of ultimate load
and repeated application of limit load. In order to properly evaluate the
structure for repeated loads the dynamic response of the aircraft due to
the blast loading must be defined. This will determine the number of
stress cycles for each load application. It follows that the total number
of weapon firings multiplied by the stress cycles per load application
yields the fatigue design life.

Test data (Reference 49) indicates that the amplitude ratio or vesponse of
a helicopter fuselage to blast loads is unity. Using a forcing trequency of
108 radians per secor.® and a natural frequency (w,) of 690 radians per
second, the damping ratio of a typical fuselage is found to be 0. 685 (Refer-
ence 49). The damping ratio (¢) is the ratio of the damping constant (c)

to the critical damping constant (c.).
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A one-degree-of-freedom damped system is assumed to represent the
YCH-54A fuselage plating surface. The system is considered to have a
damping ratio of . 685 and a natural frequency of 690 radians per second.
The forcing function of an exponential blast wave is:

F(t) Fe-t/ ti - t/ ti Fe-t/ ti (Reference 63)

Y

.04 sec. (Reference 62)

The equation of motion for a single-degree-of-freedom damped system is:

X + 2?‘ wnx + wnZx = FN(t)

FN(t) = F(t)/M = Normalized Forcing Function

The solution of the equation of motion will determine the number of cycles
of stress, per load application, which will occur before the response is
damped out.

Solution of Equation of Motion:

25t 25t

FN(t) = Fe~ - 25tFe”

——

25t 25t

X + 945x + 454000x = Fe - 25t Fe

x(0) 0
Initial conditions
0

x(0)

Particular Solution

X, = (A + Bt)e-25t

Substituting into the differential equation and equating coefficie ‘ts, we
obtain:

945B + 885000A = F
8850008 = -25F
A = .113 x 107°F
2172

——




B = 2.82 x 10-9F

5

X, = [.113 x 10™° - 2.82 x 10'5t] Fe'25t

Complimentary Solution:

X + 945x + 454000x = ©

(Acos bt + Bsin bt)e™

»
1

690 1/1-(.6852 = 500

b =
a = 690 (.685) = 473
x, = (Acos 500t + Bsin 500t)e 7"
x(t) = X, + xp
x(t) = [Acos 500t + Bsin som] o L
[.113 x 1070 - 2.82 x 10°% Fe'zst]

Initial Conditions:

1) x(0) 0

e

2)  x(0)
Utilizing the above initial conditions,
1) x(0) =0

!
A = -.113 x 10°°F
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9) %(0) = 0

et [56.5 x 10°F sin 500t 500 Bcos 500t ] "

[- 113 x 10™°F cos 500t B sin 500t | (-473¢70) .

[.113 x 107 - 2.82 x 107% ] (-257e™%)
B = -.096 x 10-°F

x(t) = [-. 113 x 10" Fcos 500t - . 096 x 10" Fsin 500t]e"”3t .

[. 113 x 10-5 - 2.82 x 10'5t] Fe-25t

I.-.-__ —

Figure 57. (U) Input and Response of Aircraft Structure to Shock Wave

The previous analysis indicates that for each application of load there will
be one cycle of stress. The design is based on 26, 700 weapou firings in
1,000 hours. Therefore the structure should be analyzed for the following

loads.
(a) ultimate load
(b) limit load, 26,700 cycles

mean stress = 1/2 peak stress
stress amplitude = 1/2 peak stress
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(U) Evaluation of Fuselage Skin

The evaluation of the typical skin panels for the blast overpressure load
(Table 34) is as follows.

The skin is considered to be acting as a thin plate under uniform normal
pressure (Reference 42). The plite efficiency is assumed as . 80, and
the stress concentration factor Kr is taken as 3. 0.
In order to provide a . 999 probability of survival, the allowable stress
amplitude (fal) is taken from a three sigma S-N curve. This is accom-
plished by reducing the available two sigma curves by 13 percent for
aluminum and 10 percent for steel.

Zone 3

Ultimate Load:

Pult

3.75 psi

a =24, b=6,t=.032, 2024 T3

a/b = 4.0

b/t = 187

w/t = 3.2

f, = 12,000/.80 = 15,000 psi (Reference 42)
ftu = 59,000 psi (Reference 46)

M.S.= 59,000/15,000 -1 = High

Limit Load:
Plimit = 2.5 psi
w/t = 2.8 (Reference 42)
_ 11000 _ .
fa =7 80Q) - 6, 875 psi
i,' = .87(18,000) = 15,600 psi (Reference 60)
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zone 4

Ultimate Load:

Pult = 6.0psi
a = 18.5, b =6.5, t = .032, 2024 T3
a/b = 2.85
b/t = 163
w/t = 3.0 (Reference 42)
16, 000 .
ft = ~—'—. 80 - 20, 000 psi
ftu = 59,000 psi (Reference 46)
59, 000 .
= —_— =
M.S. = gtoeo -1 = High
Limit Load:
Plimit = 4.0 psi
Tw = 2.5 (Reference 42)
12,000
fa =~ 80(2) = 7,500 psi
£, = .87(18,000) = 15,600 psi (Reference 60)
15,600
= —SpO¥Y Ty
M.S 700" -1 = High

276




Zone 5
Ultimate Load:
Pult = 10.5 psi
a = 18.5, b = 6.5, t = .032
a —
b = 2.85
b -
T = 163
w
= = 3.5 (Reference 42)
20, 000
=22 =
£, -2 25,000 psi
ftu = 59,000 psi (Reference 46)
59, 000
=25 1 =
M.S. = 35iggo -1 = High
Limit Load:
Plimit = 7.0 psi
W _
t = 3.1
16,000 _
fa = _86_(§T = 10,000 psi
! = .87 (18,000)
= 15,600 psi (Reference 60)
15,600
= SO UL _
M.S. =79,000
= + .56
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Zone 6 - Simultaneous Coniition, Near Side

Ultimate Load:
Pult = 21.0 psi
a =19, b=6.375 t =.050, 2024 T3
a .
b = 2,98
b _
t = 127.5
¢ 42,000
t .80
= 52,500 psi (Reference 42)
ftu = 59,000 psi (Reference 46)
59, 000
= =1 .
M.S. = 53500 1
= +,12
Limit Load:
Plimit = 14.0 psi
_ 30,000
fa - . 80(2)
= 37,500 psi (Reference 42)
fal - .87 (16, 500)
= 14,300 psi (Reference 60)
14, 300
= —r .
M.S. =37%500 - 1
= - ,62

A fatigue problem is indicated.
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Quarter top.

Ultimate Load:

Pult

a

a
b

»lc-

Limit Load:

Plimit

~ 50, 000

21. 0 psi

19.0, b = 6.375, t = .032, 2024 T3

2,98

200

40, 000
. 80

50, 000 psi (Reference 42)
59, 000 psi (Reference 46)

59, 000

+ .18

It

14, 0 psi

34, 000

- . 80(2)

21, 250 psi (Reference 42)

. 87 (16, 500)

14, 300 psi (Reference 60)

_ 14,300 _
21,250

- .325

A fatigue probl2m is indicated.
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Zone 6 - Far Side

Ultimate Load:

Pult

[
i} 1 |

o o|»

=
It

M.S.

Limit Load:

Plimit

M. S.

_ 59,000
30, 000

7.5 psi

=19, b =6.375, t = .050, 2024 T3

2.98

30, 000 psi (Reference 42)

59, 000 psi (Reference 46)
-1

+ .96

5.0 psi

2.0 (Reference 42)

14, 000

.80(2) = 8,750 psi

.87 (117, 500)

15,200 psi (Reference 60)
_ 15,200
8,750
+ .74
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Zone 7

Ultimate Load:
Put = 12,0
a =355, b =6.375, + =.040, 2024 T3
a —
I} = 5.56
b -
T = 160
¢ - 24,000
t . 80
= 30,000 psi (Reference 42)
ftu = 59,000 psi (Reference 46)
59, 000
= ¥ N
M.S. = 39,000 - !
= + .97
Limit Load:
Plimit = 8.0 psi
fa = Eg"ojo_g% = 12,500 psi (Reference 42)
tal = .87 (18,000)
= 15,600 psi (Reference 60)
_ 15,600 _
M.S. = W = 1
= +.25
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Zone 8
Ultimate Load:
Pult = 7.5 psi
a = 18.0, b = 6.375, t = .040 2024 T3
a _
b = 2,85
b .
iy = 160
(. .20,000
t .80
= 25,000 psi (Reference 42)
ftu = 59, 000 psi (Reference 46)
_ 59,000
M.S. =gsigos - 1
= High
Limit Load:
Plimit = 5.0 psi
15, 000
fa- =730
= 9,300 psi (Reference 42)
fal - .87 (17500)
= 15,200 psi (Reference 60)
15, 200
SO
M. S. 9, 300 1
= + .64
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Zone 9

Ultimate Load:

Pult = 3.38 psi
Limit Load:

Plimit = 2,25 psi

Based on previous calculations, it can be concluded that the M.S. for
both ultimate and limit load are high.

Zone 10 - Upper

Ultimate Load:
Pult = 12.75 psi
a =26, b=10, + =.080, 7075 T6
a =
b = 2.6
b -
o = 125
[ ..28,000
t . 80
= 35,000 psi (Reference 42)
ftu = 76,000 psi (Reference 46)
76, 000
S R
M.S. = 35,000 ~ !
= High
Limit Load:
Plimit = 8.5 psi
17,000
fa =280
= 10,600 psi (Reference 42)
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)
il

. 87 (18,000)

a
= 15,600 psi (Reference 60)
15,600
= =R IVL
M.S 10’600 - !
= + .48

Zone 10 - Lower

Ultimate Load:

Pult = 9.0 psi
Limit Load:

Plimit = 6.0 psi

Based on the analysis above (Zone 10 Upper), no skin modifications
will be required for Zone 10, lower.

Zone 11 - Upper

Panel Size:

= 34.5, b =10, + =.051 7075 16

-3
1

= 3.45

= 196

~lo o|w

Ultimate Load:

Pujt 28. 5 psi

49, 000

t " .80

61, 000 psi (Reference 42)

e
"

= 76,000 psi (Reference 46)

p—
I
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16, 000

M.S. = grloog - L
= + .24
Limit Load:

Plimit = 19.0 psi
¢ _ 33,000
a 80 (2)

= 20,600 psi (Reference 42)
fal = .87 (16500)

= 14,300 psi (Reference 60)
M.S. = é—gfg% -1

= -.300

Structural modification will be required.

Zone 11 - Lower

Panel Size:

34.5, b =8, + = .071 7075 T8

a

4.3

112

~lo o|e

Ultimate Load;

Puit

16.5 psi

¢ - 32,500
t . 80

40,500 psi (Reference 42)
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-
1}

76, 000 psi (Reference 46)

tu
76, 000
= —2 >
M.S. = 45’500 -
= + .88
Limit Load:
plimi.t = 11.0 psi
. _ 24,000
a . 80 (2)
= 15,000 psi (Reference 42)
' = .87 (17,000
= 14,800 psi (Reference 60)
14, 800
= =g QUL -
Mt So 1 15’000 l
= -, 01

A fatigue problem is therefore indicated.

It can be seen from the preceding analysis that the skins in all
zones are capable of carrying ultimate load. However, modification
will be required in those areas where the stress amplitudes due to
limit load exceed the allowables for a life of 2. 70 x 104 cycles.
These areas are as follows:

Zone 6 - Left side and top

Zone 11 - Upper

Zone 11 - Lower
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(U) STRUCTURAL MODIFICATIONS TO YCH-54A/105-mm. HOWITZER
AIRCRAF {/WEAPON COMBINATION

From the analysis performed on the fuselage skin it was found that mod-
ificaticns will have to be made in the following areas:

1. Zone 6 - Left side and top

2. Zone 11 - Upper

3. Zone 11 - Lower
A comparison of the frame and stringer ultimate capabilities (Ref. Table
32) with the actual blast overpressvres (Ref. Table 34) indicates that
modifications are required in ali areas except zones 1, 2, and 3.
It should be noted that the aluminum skin will be replaced by the same
thickness of heat-treated steel sheet. This will provide the required
capability for the blast loads while insuring that there is no reduction in
strength for flight loads.
A list of the structural modifications is given below.

Fuselage Skin:

F. S. 210-400: Replace aluminum skin on right side and top by
SAE 4130 steel sheet heat treated to 180 ksi. *

Landing Gear Support Structure Skin:
Left Side

Upper B.L. 40-85. 2: Replace aluminum skin by SAE 4130 steel
sheet heat treated to 180 ksi. * Chem-mil to existing thickness.

Lower B. L. 40-65. 2: Replace aluminum skin by SAE 4130 steel
sheet heat treated to 125 ksi. Chem-mil to existing thickness.

* Titanium sheet may be substituted for steel sheet, thickness for
thickness.
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Fuselage Frames:

F.S. 154.5: Replace existing frame by channel 1.6 x 6.0 x 1.0
x .063 7075 T6. Axial tie at B.L. 0 is integral with frame.

F.S. 191.5: Replace existing frame by channel 1.0 x6.0x 1.0 x
. 083 7075 T6. Add .040 steel straps to the outer and inner
flanges. Axial tie: Two channels 0.75x3.0x 0.75 x . 063

7075 T6 riveted back tc¢ back.

F.S. 173: Same as 191.5

F.S. 229: Replace existing frame by channel 1.0 x 6.0 x 1.0 x
0.63 7075 T6. Add .084 steel strap to outer flange and . 125
steel strap to the inner flange. Axial tie: Two channels 1.0 x
3.0 x 1.0 x.084 7075 T6 riveted back to back.

F.S. 453.5: Replace existing frame by a channel 1.0 x 6.0 x
1.0 x . 063 17075 T6. The axial tie is integral with the frame.

F.S. 490.5, 510, 529.5: Replace existing frame by a channel
1.0x4.0x 1.0x.083 7075 T6. The axial tie is integral with
the frame.

Fuselage Stringers and Intercostals:

F.S. 136-173: Replace stringers on the top and left side by
SS-1507-9H stringers.

F.S. 173-210: Add SS1507-3A stringers halfway between exist-
ing stringers on top and left side.

F.S. 210-248: At F.S. 219 and F.S. 238.5 on the left side add
intermediate support for stringers. Use 1.0 and 4.0 x 1.0 x
. 063 7075 T6 channel with . 050 steel strap on the inner flange.

F.S. 248-400: Replace SS1506-F4 intercostals on the left side
by SS1508-F7 intercostals.

F.S. 400-435: Replace existing members on the left side with
SS1508-F17 intercostals.

F.S. 435-453.5: Replace existing stringers on the top and left
side by SS1507-9H stringers.
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Stiffeners - Landing Gear Support Structure, Left Side:

Upper - B. L. 40-65.217: Replace existing stiffeners by
Reynolds Die #10067 extruded channels.

Upper - B. L. 65.217-113: Replace existing stiffeners by
Reynolds Die #6678 extruded channels.

Lower - B. L. 40-65.217: Replace existing stiffeners by
Reynolds Die #10811 extruded channels.

Lower - B.L. 65.217-113: Add extruded angles the same size
as existing angles to form built up tee sections.

Fuselage Longerons:
F.S. 210-400 upper left, lower left, and upper right.

Add stiffeners connecting longerons to adjacent intercostals or
stringers. Use SS1507-TH stiffeners spaced at 6. 0 inches.

F.S. 173-248: At all attachments of stringers to frames and

} Attachments: left side and top.
bulkheads replace BJ5 rivets by BJ6 rivets.

(U) Fuselage Frames and Stringers

The applied loads to the frames, assuming the unit pressure to be acting
on the top and side only during the simultaneous condition, is shown in

Figure 58,
Zone 4
Stringers: See analysis of zone 8 (Reference Page 306)

Frame: F.S. 154.4, see analysis of frame at F.S. 453.5
(Reference 306)

' Frame 453.5 Plimit = 3.62 )
Pult = 5.44 ) Reference Table 34
| Frame 154.5 Plimit = 4,0 )
- 6.0 ) Reference Table 34

’ Pult
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Figure 58. (U) Loading Due to Unit Pressure, Typical

Frames 154.5, 191.5, 229, 453.5, 510
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TABLE 35 (U)

TYPICAL FRAME WITH HORIZONTAL AXIAL TIE SHEARS, BENDING

MOMENTS, AND AXIAL LOADS

ZP = 29.800
Elem. Hor. Vertical
Sta. Moment (M) Force (H Force (V) Axial Load Shear
0 -821. 173, 369. -173. 369.
1 590. 73. 369. -13. 369.
2 2506. -63. 369. 63. 369.
3 3499. -193. 351. 369. 1617.
4 2789. ~-192, 330. 330. -192.
5 1575. -192, 3017. 3017. -192,
6 360. -192, 284. 284. -192,
7 -995, -192, 259, 259. -192.
8 -2162. -192, 236. 236. -192,
9 -3349. -192, 214. 214, -192.
10 -3602. 171. 209. 209. 1717.
11 -2715. 171. 191. 191. 171.
12 -1536. 171. 169. 169. 171.
13 -220, 1717. 143. 143. 1717.
14 968. 1717. 120. 120. 1717.
15 2156. 171, 91. 91. 1717.
16 2945, 171. 125, 216. 8.
17 2885. 417, 228, 417, -228.
18 1779, -89. 318. -89. -318.
19 571. -1889. 388. -189. -388.
20 -922, -289. 479. -289. -479.
21 -3471. -425, 584. -425, -584.
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TABLE 35 (U) (Cont)

TYPICAL FRAME WITH HORIZONTAL AXIAL TIE SHEARS, BENDING
MOMENTS, AND AXIAL LOADS

ZP = 29,800

Elem. Hor. Vertical
Sta. Moment (M) Force (H) Force (V) Axial Load Shear
22 -4711, -490. 639. -711. -212,
23 -2993. -364. 614. -614. 364.
24 -660. -244, 591. -591. 244,
25 893. -124, 568. -568. 124.
26 1749, 2. 543, -543. -2.
27 1704. 120. 520. -520. -120.
28 10917, 120. 503. -503. -120.
29 1439. -132, 497, -4917. 132.
30 2241. -14. 475, -4175, 14.
31 2292, 112, 452, -452, -112,
32 1439. 240. 421, -427. -240.
33 -159, 360. 404, -404. -360.
34 -2536. 485. 381. -381. -485.
35 -41781. 549, 354. -652, -50.
36 -3981. 420. 366. -420. 366.
37 -2080. 284, 366. -284. 366.
38 -6175. 184. 366. -184. 366.
P = -3C.
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Limit Load:

6 .
fa = 6,125 544 - 6,750 psi (Reference page 306)
fa’ = .87(17,500) = 15,200 psi (Reference 60)
M. So = 15’200/6, 125 = l = high
Ultimate Load:
f, S S_ii (21,779) = 24,000 psi (Reference page 306)
feu = 26,000 psi (Reference 60)
M.S. = 26,000/24,000 - 1 = + .08
Zone 5
p =
plllilrtnit L lggg :i ; Reference Table 34
Stringers:
Limit Load:

Negative Bending: (Reference page 266)

f, = 7/4(-26,900) = -47,000 psi

f, = 7/4(11,340) = 19,800 psi

Positive Bending: (Reference page 266)

f, = 7/4(-6,400) = -11,200 psi
f, = 7/4(15,200) = 26,600 psi
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The stringer is critical for limit load on the compression side in
negative bending.

L)
"

23,500 psi
f t
a
M.S. (Limit) = 35,000/23,500 -1 = + .49

. 90 (39,000) = 35,000 psi (Reference 60)

Ultimate Load:
£, = 1.5(47,000) = 70,000 psi
b = .23/.04 = 5,75
fcu = 70,000 psi (Reference 60)

M.S. (ultimate) = 0.0

Frame 191.5

Axial Tie:
Compressive load due to unit pressure = 370 lb. (Reference
Table 35)
Ultimate compressive load = 10.5 (370)
= 3,880 lb.
Limit compressive load = 7.0 (370)
= 2,580 lb,

Existing moment of inertia .00672 in. * (Reference page 274)

1 3
v = =
I 12 (2)(. 063)(1. 5) N L B N n
'o
= ,035in. 4 X — Tl o i
. 035
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The previously determined PB = 1,030 lb. (Reference 60)

M.S. = 1033:83'2 -1 =4+ .38

Riveting: Existing 9 BJ5 rivets

Allowable load = 9(575) = 5,160 1b. (Reference 60)

M.S. = —g—:—;g—g—l =+ ,34
Attachment of stringers to frame
Existing 2 ADS rivets
Allowable load = 2 (575) = 1,150 lb. (Reference 60)
Applied ultimate load = 3. 185 (18.5)(10.5) = 620 lb.
M.S. (ultimate) = 1,150/620 — 1=+ .86

Frame Bending:

Moment:
My¢ = 10.5(3602) = 37,800 )
= = Reference Table 35)
Mjimit = 7-0(3602) = 25,200 )
Axial Load:
Pyt = 10.5(209) = 2,200 1b. )
Plimit = 7-0(209) = 1,4601b. ) (Reference 35)
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Transformed width of steel

= 2.86(.97) = 2.77in.

0.97
I = 2(.97(.063) 9 + 2(2.86).04) 9 + F——— _qup
o6 ¥ ' #~ steel strap
—1-2—(.063)

1.10 + 2,06 + 1.13

= 4,26 in. 4
6.0 t = .063
A = 1,94(.04) + 7.94 (. 083)
= .280 + .500 = .580 in. 2
—&

N .040

Ultimate Load: steel strap

-2,200 37, 800(3)

fc = —t80 736 -3,800 - 26,600
= 30,400 psi

ft = -3,800 + 26,600 = 22,800 psi

b/t = .97/ 2.86(.04) + .032 = 6.65

fcu = 67,500 psi (Reference 60)

M.S. {ultimate) = 67,500/30,400 -1 = high
Limit Load:

f
c

f

ft (steel)

-30,400/1.5 = -20,200 psi

22,800/1.5 = 15,200 psi

2. 86(15,200) = 43,500 psi

fa (steel) = 21,750 psi
fo1 (steel) = .90(36,000) = 33,300 psi (Reference 46)

M.S. (limit) = 32,300/21,750 -1 = + .48
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Zone 6

Ultimate pressure
Limit pressure

21, 0 psi
14. 0 psi

Ultimate pressure

)

)

14.5 psi )

Limit pressure )

13. 0 psi

it n

Note that the aluminum skin on the top and the near
placed by steel skin. (Reference page 300)

Lefc side (Reference Table 34)

Top (Reference Table 34)

side has been re-

Critical Stringer: SS-1507-TH Top 30 (.695)= 1.99
I 10.5 Steel '_‘l

T .0114 + . 026 e —

Z = 7895(. 05) + 1. 243(. 05) + 1. 99(. 04) ekin trans-

formed to alli lzimn

_.0114 + .026 1.018

T~ .035 + .062 + .08 050
374 —

_ -0 i}

= ‘g = 0.210n.

o
1l

1.9(. 04)(. 21)% + . 695(. 05)(. 21)% + L (o).
. 05(1. 018)(. 29)2 + . 225(. 05)(, 81)°

.0033 + .0015 + .0043 + .0043 + .0074

.0208 in, 4

For a unit pressure

Myogitive = 145 in.-Ib. )

Reference 256
Mpegative = -259 in. -1b. ) ( page )

Positive Bending:

_145(.21) _
f, = ~gacs = = -1,450 psi

_ 145(.81) _
ft =~ 0208 - 5,640 psi
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Nezative Bending:

(. 259(81)
c . 0208

-10, 100 psi

¢ - -259(21)

t . 0208

2,590 psi

In order to reduce the stringer stresses, it is recommended that
partial frames be added at Sta. 219 and at 238.5 on the near side.

Thus the stress will become:

Positive Bending (unit pressure):

f
c

£y

Negative Bending (unit pressure):

-1,450/4 = -362 psi

5,640/4

1,410 psi

f

. =-10,100/4 = -2,525 psi

ft = 2,590/4 = 646 psi

Ultimate Load:

Positive Bending:

f

] 21(-362) = -7,600 psi

!

Negative Bending:

21(1,410) = 29,600 psi

£, = 21(2,525) =-54,000 psi

f, = 21(646) = 13,600 psi

b/t = .225/.05 = 4.5; fcu = 73,000 (Reference 60)
M.S.at = 73,000/54,000 -1 = + .35
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Limit Load:

14(2,525) = -35,300 psi (Negative bending)

—
t

-
|

17,600 psi

—
-
"

32, 000 psi (0. 87) (Reference 60)

217,800 psi

M.S.Limit = 7,800/17,600 -1 = + 0.58

The aspect ratio of the skin panels has been reduced, therefore a
recheck is required.

Plimit = 14.0 psi
a/b = 9.5/6.375 = 1.49

b/t = 6.375/.040 = 159

ft ax = 32,000/.80 = 40,000 psi (Reference 43)

ft 40,000/1.49 = 26,800

min
i,' = .90(36,000) = 32,300 psi (Reference 60)
f,'/fa = 32,300/20,000 = 1 62

Partial frame (unit pressure)

2

M = 9'258(33 = 1,250 in. -Ib.

M, = 21(1,250) = 26,200 in. -lb.

My . = 14(1,250) = 17,500 in. -lb.
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The design of this partial frame is as follows:

5 AD6 [
rivets + 2.86 050
t 1.0 )
+
A L
+ | a8 .063
1.0
1'4 J—- .050
le— .050 steel 2.86
skin
rivets
Mat. TOT5 Alclad Sheet
. 050 steel~—
strap
L .,..---|-J"

-W\ channel

N1 xbhx1x.063

Figure 59, Partial Frame Sta. 219 and 238. 5

Load carried by partial frame for urit pressure

2 2
M= YL 9'2%(33) - 1,250 in. -1b.

Ultimate Moment:

M

21(1,250) = 26,200 in. -Ib.

f, =1, = A 30391'5 = 25,200 psi

)
n

tu 76,000 psi (Reference 46)

b/t = 1.0/] (2.88)(.05) +.063] = 4.86
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fcu = 72,000 psi (Reference 60)

M.S. .. = 72,000/23,200 -1 = high

ult
Limit I nad:
f, =1 = 23,200/L5 = 13,500 psi
fa(aluminum) =1, 759)Rs1
fo(steel) = 2-86(7,750) = 22,200 psi

fa' (steel) = .90(36,000) = 32,300 psi (Reference 60)

M.S. (limit) = 32,300/22,200 -1 = + .46
Attachment of partial frame to longerons - 5 AD6 rivets
Load carried by rivets = 21(9.25) 33/2 = 3,200 lb.
Allowable load = 5(862) = 4,300 1b. (Reference 60)
M.S. = 4,300/3,200 -1 = + .35
Attachment of stringers to partial frame - 2 AD6 rivets
Load carried by rivets = 21(9.25)(6.375) = 1,240 lb,
Allowable load = 2(862) = 1,722 1b. (Reference 60)
M.S. = 1,722/1,240 -1 = + .39

Frame at Station 229:

Axial Tie:
Pat = 21(370) = 7,7501b. ) .
Plimit = 14(370) = 5,2001b. ) (Reference Table 35)
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Buckling:

I - 2[1—12 (.063)(2)3] l t = .063 I l
| i
_ 4 |
- .084 in, SRR,
2 2 6
b =" L (3.14)*(10. 5x 10°)(. 084) _ 15 goo ),
L 26

M.S. = 12,900/7,750 -1 = + .67

Local crippling - one channel only

Leg b/t = 1/.063 = 15.9 f,, = 26,000 (Reference 60)

A = 2(.083) = .126

Web b/t = 3.0/.063 = 47.5 f., = 25,000 (R~ference 60)
A = 30(.063) = .189

P, - -126(26,000) + .189(25,000)
= 3,270 + 4,750 = 8,000 Ib.

M.S. = 8,000/7,750 -1 = + .03

Frame Bending:

Mult = 21(3,602) = 175,500 in. -lb. )

Mlimit = 14(3,602) = 50,500 in. -1b. ) (Reference Table 35)
Pult = 21(209) = 4,400 1b. )

pllml{_ - 14(209) - 2,930 1b. ) (Reference Table 35)
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Wwidth of transformed steel

9T —=f w25
{ [«
= 2, 86(, 97) =] 2. T in' I ——— teel
9
= 2(2.77)(. 125) 9 2(.97)(. 063
L= 22770 129) 8 « 2090083 (o 1 e - 063
3
+-%—-L063) 1
Y .
- 8.651 in. ool

>
n

0.92(. 125) 2 + 2(. 063)(. 97) + 6(. 063)

.240 + . 121 + .378

739 in. 2

Considering limit load only,

_-2,930  50,500(3)
t .739 Y T 8,651

13,512 psi

= -4,000 + 17,512

ft (steel) = 13,512(2.86) = 38,600 psi

fa = 19,300 psi

pe—1.0—+
Frame at Sta. 453.5: y [ -103
__ .103(6) + 5(.063)(3.0) )5
) 6(.063) + . 103 ———
z
_ .618 + 1.134 l L
T .441 + 103
be— 1.0~
1752 .
=T 543 3.2 in.

216

216 2
12 )

1(.103)(2. 8)2 + . 083(3.2)° +

—
N

(.063) + 6 (.063)(.2

-807 + .645 + 1.134 + .01

2.596 in. 4
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Bending Moment:

My¢ = 5.44(3,602) = 19,000 in. -Ib. )
Mjjo - 3.62(3,602) = 12,650 in, -lo, ) \neference Table35)
Axizl Load:
Py¢ = 5.44(-209) = -1,1401b. ) .
Plimit = 3.62(-209) = 2756 Ib, ) (Reference Table 35)
Limit Load:
_ -756 12,650(3.2)
to =544 -~ —5.59 = 1,390 - 13,129
= 14,519 psi
. -756 12,6