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Ix = T3 x 3 x .062 x 9.883 x 2 x 20 x .062 x 4.972

14.95 + 61.26 = 76.21 in."

-
<
n

Iz =1x 2x .062 x 19.883 + 2 x 10 x .062 x 9.972
Iz = 81.19 + 123.26 = 204.45 in."

STRESS ANALYSIS OF BEAM STRUCTURE

Condition #9, Table XIV

‘Ttav T 3 xpﬁAx £"; 3 x ig'io?oez = 8,800 psi
Tav = _Z_XP;{le T~ 7x 38'30?067 = 22,200 psi
r =28 = % % H0% 062 = 53,000 psi
£, = M;i - 2533?3200 x 10 = 134,000 psi
fmax = g? + Tmax

frax = léiéQQQ + 91,000

frmax = 67,000 + 91,000
frnax = 158,000 psi

Fbu = 22.5 ksi

222.5-1

f 2
Tmax = //[1?) + (1av)?
: .4 10442
Tmax = //(13 ——=—] " + (6.18 x 10%)?
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Tmax

Tmax

MS =

MS =

/(45 + 38.3) x 10°
51,000 psi

895,000 psi

Ojwo
1924
1]
—

+.04.

STRESS ANALYSIS OF BEAM STRUCTURE

Condition #12.C, Table XIV

t

faxial =

£y,
fmax

I
& bu

MS

axial ~

= Pya*PaA _ 54,900 + 6,700 _ 61,600

A 4.5 in.
+13,700 psi

= 178,000 + 13,700 = 191,700 psi

= 222.5 ksi

222.5 = 1
=TT = te16

Condition #12.d, Table XIV

farial

faxial =

Pya + Pan 14,200 + 46,200

4.5

psi

_ 60,400
- A 4.5 = 4,5
13,400 psi

_ MxAC 2,850,000 x5
T Ix T 76.21

186,000 + 13,400 = 199,400 psi

0 222.5 -1

T TI99.F T +°12156

= et e A T P

= 186,000 psi

i
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Forward and Aft Retractable Beam “trength, Left Side

Material
4340 HT Steel

= 150 ksi

3
[ad
c

i

132 ksi

g ]
(nd
<
H

Fey = 145 ksi
Fgy = 95 ksi _
E =29 x 10" psi 3
Beam Dimensions and Properties 4
Aft Beam - WF Shape é
‘ . 1
B = 8.962 in. 3
|
A = 20.86 in. ) o
B F i )i «
ts = .79 in. flange | 7 ¥ N ) 3
ty, = .499 in. web ) S, SN %
W . . W , i . 3
. N ‘ Area = 24.10 in.- } 2 | 3
- | e s
. | I, = 1752.4 in.* '
o | | 22z = 168 in.’
E J
gf 2gz = 8.35 in, ]
: Iyx -= 89.6 in.®
ZXX = 20 1in,°?
i cxx = 1.93 in. 4
?‘ Forward Beam - American Standard i
. B = 5.477 in.
: A = 12.00 in. :
<‘
i tye = L,06539 1n. [
; L
£ t, = .687 in. A
L 157 i
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14.57 in.*

o
o
o
o
"

IZZ = 30l.6 in.”

o3
[l

2z = 50.3 in.’

4.55 in,

Ixx = 16.0 in.®
Iyx = 5.8 in.?

Axx = 1.05 in. h

Ultimate Design Condition #8, Table XIV

Aft Beam Analysis

Px = 1.5 x 36,500 x .6 = 33,000 ib

Ultimate Allowable Bending Stress {(Fpu)

_ 2Qm  2Q0m

- -

I/c = 2,,

= X darea

Lo
3
|

_:Xa _ 499 x 9.63 x 4.8 + .795 x 8.9 x 10
. 12.05

!
f

— W7 0+ . .
T = 33‘1576%2'§ = 7.75 in.

2 x 7.75 x 24.10
= 2 x 168 = 1.1

Fiou = 166 ksi From SDM Figure 4,2.1-8 (Reference 20)

Fpy = 138 ksi

M Pxd 32,000 & 50

fox = 178 = 7,, = ~ 168 — - 9,800 psi
_ Fbu = 1 166,000 - 1

.'15 = fl) = 9.800 - +16.0

s o= +lb.0
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2
M.8, = +6.5

Aft Beam Analysis (Cont.)
Ult. Design Condition %15, Table XIV

'l
[}

, =5 X 8 x 3570 = 14300 Lbs.

M = 14300 x 50 = 36000 Psi
e 70

M.5. = F = 166000 =1

| ?93 1 5%660

hz

sz

M.b'. = -

Fwd Beam Analysis

Ult. Design Candition £8, Table XIV

Py .= 1.5 x 36500 x .4 = 22000 Lbs.

fb =M = 22000 x 50 = 22000 Psi
x —-— L e —————
.Zzz 50

’M.S. = 66 "1 =

2

v

- Ult. Design Condition #15, Table XIV

o)
~
L}

8 x 3570 x .5 = 14300 Lbs.

]

M__ = 14300 x 50 = 124000 Psi
2o .

H.Se = Fpy 11 = 166 -2

foz 124

&

M.S. = + .34
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LONGITUDINAL SUPPORT BEAM ANALYSIS

i
1

‘L Critical design flight condition is 49 of Table XIV.
i

- - w-_.,_,._.,-——” Fuselage Outlme

—_— -

Hothz_e\ o i
_,‘—.-_ / . e |
L Lat Support . T

Bcams \ /R/H Howitzer

Lony, Support Beams

€
[ . =
- Figure Longitudinal Support Beam
Force Diagram 5ign Convention
z (Up)
' Ry, Fa
§
e 30" f——- 106" ~_.‘..Lo" Mz y
|
- f - My (sxde)
\ "X % (Fwa)
ppy = 1.5 x 7000 = 10,500 1b
Pry = 1.5 X 36,500 = 55,000 1b
eMgp = 0

50 x 10500 + 106 X RR -~ 156 x 55,000 = 0

860 x 10* = 52.5 X 19"
= 106

RR =
Rg = 76,000 1b
Ry = 10,500 1b

i




Fifty percent of the maximum and (Rg) goes forward in tension
‘and 50 percent goes aft in compression. The compression sec-
tion will be critical in crippling.

Material Properties

7075-T6 Aluminum Alloy (CLAD)

Ftu = 76 ksi

Fry = 64 ksi

Fey = 43 ksi

L = 10.3 x 10“ psi

' - A e
Use Channel Section 1 X __[\
x B .[ — Y x Fuselage

, : L Under Skin
Assume | ’ e
Feg = +5 Foy
i Fog = -5 % 76,000 1b

Pcs = Fes A
| s o 23 % 76,000
. 75 x 64,000

A= 1.19 in."
From Chap C7.4 in Bruhrn Figure c7.7
} H
b , /e N2 1/2
! | ) 4 = (-£4.000 = .0788 = 5 for a channel
3 KEC 10.3 x 10° 8 g €

1/2 .
A <§§X> . 0788 A = -0788 x 1.19 = 1.15 (solve for t)
gt~ ¢ gt 5 x t

/fio788 % 1.19
g5 x 1.15

t = .128

o ‘ ~ 161
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|

From SDM selected channel size based on ‘ ;

A = 1,19 in.% and t = .128 in. -
Channel AND 10137 - 2013 | :
A = 2,0 in, %
A = 2.5 in, R

t = ,188 in.

Area = 1,25 in.?2
Y = .939 in,
Iy = +772 in.*®

I = .8394 in,™

LEFT SIDE HOWITZER TANDEM HOIST LOACS

The two hoists will be sized, pased on Appendix II, Design
Criteria. ‘

Lcad factor = 3 g's vertical
Maximum coning angle = 15" in any direction about the vert.

Pz} Pzz

105" . ke 49"

) , = H

Left Howitzer

/

Pzy= 16800 Lbs.

162
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ST

B PRGN PYL IS WP 3

Pl forward hoist cable reaction load, 1b

Pz2 = afc holst cable reaction load, b

Howitzer weight = 3,750 1b

Pyu (ultimate decign load) = 1.5 x 3 x 3,750 1b

Pou = 16,800 1b

tloist Cable Ultimate Reaction Loads

Sign Conventicn - Positive Shown
z (up)
| ¥
M
P 2
.|
My \f&

Py \y (side)

(Fwd)x

CFZ + 0

P,1 *+ Py = 16,800 1b

rMCg =0

49 Pyy - 105 D,y = 0
— 105

Pz2 = 5 P21 ,

Pz2 = 2.15 P,
s=x Pzp * Py = 16,800

.. - 16,800
rzé 1,465

Py = 11,500 1b

P, = 5,300 1b

163
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s i e i ettt

Rpz - RBZ
- 64" e
!
g of
Ship
LFZ =0
CMOX = 0

lo2" e

40” R 30"
i~ A
O

A .
‘ '\

; 300
/| |

"

- 30 x 11500 - 21 x 11500 - 40 Rgy + 104 Ry, = 0

64 Rpg =

RBZ =0
Check

May = 0

51 x 11500
64

200 1b

- 51 » 11500 - 70 x 9200 + 134 x 9200 = 0

= 51 x 11500 + 64 x 9200

0=20

.. OK

=0

164
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Seection A-A Reguired Section (Previous Page)

Hoist Structure Material

7075-T6 Al. Alloy (CLAD)
Properties

F = 73 Ksi

Fry = 63 Ksi

F = 44 Ksi

m
n

10.5 x 10° psi

F = 11% Ksi
- bu for K = 1.5
F = 84 Ksi

Plastic Bending at Section A-A About the X Axis

F = M = E'PZZ = 30 X 11500 = 115000 psi
L 7 ZR
ZR= _30 X 1150C
115000
zp = 3.0 in.? Required

Assumed Section

z ho=6"
4 " B =6"
L L E CH - £ = .064"
B
-

165
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I = mii:_ghi
X 12
where

h - 5,872 in.
b = 5,872 in.
H = 6 in.

B - 6 in.

6 x 65 - 5,872 x 5,872°

Iy = ) = 9,0 in."
1 9.0
2y = == 35 = 3.0 in.
Area
A = 36 ~ 5872

MS = 5= -1

Ms = 0.0
Vertical Support Member, Section B-B

Column Instability

. . - TTE_A
Allowable Stress [Fg¢ T
Column End Fixity Coefficient
cC=4

Acsume Section same as Scection A-A

L' = L =90 in.

{]
>
"
‘\D
(=]

[[]
[ ]
.
o>
v
-
3
-
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From SDM Figure 4,1,2,1-6 (Reference 15)

Lt e

Fo = 52.5 ksi
R Rpz 1500 ;
: fC = T = "‘i':"s- = 7,670 psi d1
: Fc = 1 52500 -1 !
N MS= TEC = TT6T0 i
: MS = +5.85 :

FUSELAGE SKIN DOUBLER SIZE DUE TO GUN BLAST PRESSURE WAVE

i
N

The purpose of this analysis is to determine the forward fuse-
lage skin doubler sizes required due to a gun blast at zone 8
charge.

e el b sk b

The zone 8 charge is based on an inflight malfunction as sliown
in Table XII. The aft fuselage will be protected during ground
firing by limiting the azimuth travel. Present CH~47C forward
fuselage skin thicknesses are shown on the following page.

D W kit i o -

Material‘

2024-73 Aluminum Alloy (CLAD)

vl

B g - thickness (doubler) = deternine
¢ = density = 5.23 slugs/ft’ :
C -~ speed of sound, f/s = 16,470 ?
Vo = critical velocity, f/s = 240 f
E - elastic modulus, psi = 11 x 10° (1.58 j
. x 10° psf) 5
2 Fpy - static ultimate strength, ﬁsi = 59,000 :

Fpy - static yield strength, psi = 39,000
! ‘ye dynamic yicld strength, at = 143,600
Voo psi
- - = 5.23 % 16470 x 240 ) .
Tye T CVc = 144 = 143,600 psi
167
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Fuselage

€29

fe

o @& & O

— v r— g e

Station @?

l Long'N 41R B.L. " TToas  [B.L. 45.9
37.0 veo— . -4 .
.050 .040 .- B.L. B.L. 33.6
B.1,.17.0 28.0
B.L. B.L - ] .
18.0 _l(_') s B.L. 8.0 [c;u_tout .025

- E - .- o B.L. - - c el e _;-.—-B‘L' !
| 2.0 7 s 2-9 1
__— B.L. Cutout ‘
\ 046 0so  |1B-0 e w025 .05 |

i . _ .025 .. B-L. ‘

- ~._lLong'N. B.L _‘:‘:"\\:b 025 33.6 :

. (i B A AN St STR.S9R §

*® (View Looking Down) (11451503) {View Looking Up) (11481504) TEeTTr

‘3 3 ﬁ lf6 51-9 ’ @ @ @Lon ‘N
ga- (ﬁ 19 ' ng'N 6L T : — w1 E%R7
' - .040 |WI; 47.0 .071 . _Sm.?’%

| 035 1" W.L.38.0
S A _|.STR.11 \ O W.L.34.9 P
Escape wW.L. 23.2 h |
Hatc . I

Cutout .040 Cgb:.n
— T oot
W.L. -929 © 40 W-L. -5.3 .025 O
=17 T W.L..

f\ "025 . STR.21 17.0 [_:N .025 sTE.gg . 5

Left Hand $idm\” STR. 59L Right Hand Side Skin (i) W.L.-32.0 |

(View Looking Inb’'d) (11451501) (View Looking Outb'd) (1:14S1502) j

Forward Fuselage Skin Gages !

I

L b e (ranw " Lt Bt o et st ol AN i £, Duni i, ke it o il e, b MR ity J el
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Free-space peak overpressure (p) from a zone 8 howitzer charge
is:

p = 12.0 psi

Peak reflected overpressure (py) at a surface of interference
with the free-space peak cverpressure is:

b = 2 <7po + 4p)
r P\Tpo ¥+ P
where
Po = ambient pressure = 14.7 psi
7 x 14.7 + 4 x 12
Py = 2x 12\ 77% 14.7 + 12
Py = 31.5 psi
Design pressure (Pp) is equal to peak reflected overpressure

(py' and the ultimate design pressure P, = 1.5 X pp.

P

u 1.5 x p, = 1.5 x 31.5

n

P, = 47.25 psi

The critical impulse,which is the maximum allowable impulse,
is defined in Reference 9 as:

1= Ty
¢ C

where

i

panel thickness .

'y dynamic yield strength

o]

i

velocity of sound in material

The critical time (tc) is the duration the yield pressure must
act to obtain sufficlient impulse to yield the structure. The
critical structure on the CH-47C is a panel normal to the
howitzer pressure blast.

--- b '"'1"l~ a = 5 in.
[:_*___h_.‘.$, b = 20 in.
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The panel frequency from the Boeing-Vertol SDM (Reference 20)
for simply supported ends is:

P ,985 x 9.6 x 10" =
= 25 » ,

f = 3775 ¢ cps

~ From Reference 9, the critical time t. is:

e T g

1 1
x f 4 x 3775 ¢

Equating the impulse reguired to yield the panel and the criti-
cal impulse gives:

= = Y .
IC-IY - c -py tc

Now P,, is the reflected peak yield overpressure of the panel.
Yielding of the panel is considered a failure. 1.5 time the
maximum anticipated reflected peak overpressure (p,) must be
¢ P, to maintain a positive margin of safety.

-y
Py = Py = 1.5 % pp = 1.5 x 31.5 = 47.25 psi
:_Pytcc_ PyC
T cy 4 x 3775 £ vy
R Py C _47.25 x 16470 x 12
8 = 7T7x §§T§‘E§ = T X 3775 % 143,600
32 = ,0043 -
§ = ,065 in.

A doubler thickness of .065 in. is %equired to withstand a
zone 8 howitzer blast.

170
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QBQUND FIRING AZIMUTH ANGLE REQUIRED TO PREVENT BLAST DAMAGL
TO AFT FUBLLAGE

/// \\ R/H s;de
i .
. i 1809
e G — —
LowITZER ‘,_k,_v B Fwd

e
[

PLATFORM (ij::::::::—
h\\\\""\#Zf
'/m—

&—-AANQ ~CH-47C

skin - 2024-T3 Al. Allov (CLAD)
= skin Thickness = .025 In.
Max. Overpressure aft fuselage can support

I, = Fye 1, =15 Pp X E¢

p_ =i ¢o. = .025 x 143600
1.5¢C¢t, 1.5 x 16470 x ,003 x 12

p " 4.04 P=i (Max. Allowable free-space overpres-
— sure for present skin)

Reguired gun azimuth position to prcvent an OVOr L. 088,

of ‘the afC starb'd fuselage skin 1s:3 = 150°
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ESCAPE HATCH WINDOW CLEXTGLAS DOUBLER ANALYSIS

Drawing No, 114s-2721

Material Properties from Lockheed Stress Memo No. 124,
Plexiglas I1 Solid
B = 4.5 x 107 psi

Ftu = 10.3 ksi

Fey = 17.0 ksi
Fpu = 16 ksi
Fgy = 9.0 ksi
r =

.35 (Poisson's ratio)
. = .05 1b/in. *

The ultimate allowable design stress ension is

Fua = 2/3 x 10360 - 6,900 psi
Pilot escape hatch door strength as Jde

Boeirng-Vertol, Drawing No. 1145-1713,
failure to 1.2 psi, '

termined from tests at
Pane was loaded without

F o
19
e |
e o t = .187 in,
! 20
| ;
| !

From Roark, Pg. 246 (Reference 21)

. _ _ b:' _ 1.2 X 19!' )
Coef. = k = %E‘W T 4.5 % 100 x .187"

k = 284
Sub”
—— [=
Tt 72.5

Et” 77 5 x 4.5 x 10" x 187
Sa = 72.5 — = 5

S5a = 3,160 psi (test substantiated under static loading)

L 172
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Dynamic Stress Analysis of Circular Fuselage Escape Hatch

Doubler
Applied peak rellected overpressure based on a zcne 8 charge,
W
\ ' Yave Wy wi= 20.9 psi
5~}x“_~\45 i |
s ' . ' 1 “'ave= 17.0 ps1
R P

e wy = 15.3 psi
w 21,0 in -

dia
Py, = 17 psi (limit)
Py = 1,5 x 17 = 25.5 psi (ultimate)
Fu(all) = 6,900 psi

Assume a dynamic coefficient of 2.0 for plastics.

Required doubler thickness without a stiffener using design
allowable of Fy¢a11y) = 6,900 psi
Stress formula from Roark, Pg. 21lb,

casc no. 6 {(Reference 21),
3w

Sr(max) = T W = Pyrr-

Sy = Fy(al1) = 6,900 psi (Fy(a11) dynamic = 2 x 6900)
P, = 25.5 psi

r =

10.5 in.

/ I X Py X r- //3
¢ 4 x Pyqarl dyn.

t

u

.39 in.

Required doubler thickness without & stiffener using test
allowable of S5 = 3,160 psi.

3 x 25.5 x 10.5
4 x 2 x 3160

cr
i}

fnd
[}

.58 in.




Pilot Escape Door Doubler Analysis

Applied peak reflected overpressure at panel is

P =58 x 2= 11.6 psi

i Ultimate

j P, = 1.5 x 11.6 = 17.4 psi

% Allowable stress Fy(aly) = 6,900 psi

! Allowable dynamic stress = 2 x 6,900 psi
% Required doubler thickness

!

| ; _ /2 Fualy b~ _ /2 x 6300 x 19°
: i ot 72.5E B /;2.5 x 4.5 x 10"
i

ot
"

.39 in,

174
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ROTOF. BLADE SPAR STRESSES DUE TQ MUZZLE BLAST

The uwltimate mancuver strosses were calculated at six critical
stations to include the increase in stress caused by muzzle
blast. A 1.5 ultimate factor is included in this stress. The
maxinum stress was 13,500 psi attained at x/R =

= 0.187. This
stress level yields & margin of safety (MS) of

“cu

—
(6,
>

~
j=t]

o

MS = - 1=

—
Lo
wn
-
L}
<O
<
t
—

MS

it

+0.11

The additional momernt per

inch at the spar-to-box attachment
due to a uniform pressure

of 1.2 psi applied to the box is
"M = 172 (chord - spar)” .Pplast (1.5)
= 172 (25.25 - 7.1)¢ (1.2)(1.5)

= 300 in-1b/in.

The allowable uliimate compression stress is cgy = 38,200 psi
(Reference 22). 2at /K = .95, the maximum maneuver flight air
pressure loading is a maximum and causes a compression stress
of : = 26,470 psi. The stress due to the blast is

“blast T d x t x 1

where
d = distance between top and bottom skins
t = skin thickness
300 - .
N = - = 6540 ps
blast = {3752)(.018) 230 pSL

The margin of safety is therefore reduced from MS = +.44

to:

feu
MS = — -]

[ag

- 38,200 -
{26,470 + €530)

MS

+0.16

e e e ROTETRES Ve wme o ol
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A blast pressure which would Cause a MS = 0 would be:

2 'Mdt

= 238,200 - 26,470)(2.52)(.018)
(chord - 7,17

(25.25 = 7,1)7 1.5

Pplast =

3.23/1.5
Phlast = 2.09 psi
While this small pressure im

calculation is based on f
tion and is therefore cxt

plies a small margin, the above
iring during a maximum maneuver condi-
remely conservative.

The spar stress fatigue limits (M - 3.) have been calculated
by addirg the stresses due to firing to the maximum level
flight stresses at the critjical blude stations.
tions show that the increases in the stress level
critical blade stations due to the pressure blast
any fatigue problems at the stations indicated. Calculations
of the effects of the muzzle blast on the fatigue strength of
the blade aerodynamic fairing have also been performed for the
Critical blade section. fThe additional alternating moment per

inch due to the bhlast preéessure at x/R = ,9% ;s

s at these
do noi create

SMo=100 in-lb/in.

The maximum level flight alternatin
(Reference 19), and the fati
in. The fatigue limit is th
margin cf safety is:

g moment is 108 in-ib/in.
gue endurance limit is 243,6 ip-1b/
erefore not exceeded, and the

us = 243.6

708 !

MS = 40,17

176
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APPENDIX V

DETAYLL WEIGHT SUBSTANTIATION

Weight
1b
1. Crash Resistant Fuel System ‘Ref. ECP 626) 586
2. Beam Attachment Forgings (Aluminum) 25
Forward (4 req'd) 20 cu in. @ 0.1 lb/cu in. 8
Aft (4 reg'd) 30 cu in. @ 0.1 1lk/cu in. 12
Attachinj Hardvware 5
3. Frame Reinforcements (5 req'd) (aluminum) (12) (5) 60
1,820 sq in. x 0.06 in. thick @ 0.1 lb/cu in. 11
Rivets, etc. 1
e 4. Muzzle Blast Doublers (2 req'd) (55)(2) 110
é ‘ Add aluminum plates
5,201 sqg in. x 0.065 in. thick @ 34
0.1 lb/cu in.
Upper Sliding Side Window, Double 4
i Thickness of Glass 1.93 1b x 2
" Lover Fixed Side Window, Double Thickness 8
" of Glass 3.86 lb x 2
Escave Hatch Window, Double Thickness 3
of Glass 1.4 1lb x 2
Attaching Hardware Including Rubber Snubbers 6

5. Forward Hoist

<>
[«A]

Lateral Beam (Aluminum) : 22.5
1.5 sq in. x 150 in. long x 0.1 lb/cu in
Vertical Support (Aluminum) 13.2
1.5 sq in. x 88 in. long x 0.1 lb/cu in,
Diagonel Brace (Aluminum) 2.2
1.0 OD x 0.08 in, wall x 90 in. long X
0.1 1lb/cu in.
Gusset - Main Boom (Aluminum) (2 req'd) 3
170 sq in. x .125 in. thick x 0.10 1b/
cu in. x 2
Fitting - Bottom Vertical Est. 1
Fitting - Diagonal Vertical Est. 1
Attaching Hardware S
Hydraulic Winch, Breeze BL 4600 41
winch Control Panel, Valve, Pump, Electrical 7

Counectors, etc.

6., Aft lioist - Same as Forward 96
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7.

10,

11.
12.
13.
14.

15.

le,

Gun Support Platform
Lateral Beam (Aluminum) (6 reqg‘'d)
60 cu in. x 0.10 lb/cu in., x 6
Spokes (Aluminum) (5 req'd)
44 cu in. x 0.1 lb/cu in. X 5
Ring Gear (Steel)
14} cu in. x 0.3 1lb/cu in.
Walking Platform Screen
8,221 sq in. x 0.005 lb/sq in.
Attaching Hardware
Screw Jack Est,

Forward Lateral Gun Support
Lateral Main Beam (Steel)
257 cu in, x 0.3 1lb/cu in,
Lateral Excension Beam {Steel)
1,562 cu in. x 0.3 lb/cu in.
Bearings, Stops, etc.
Attaching Hardware

Aft Lateral Gun Support
Main Beam (Steel)
883 cu in. x 0.3 ib/cu in.
Aft Lateral Extension (Stcel)
3,410 cu in. x 0.3 1lb/cu in.
Bearings, Stops, etc.
Attachinag Hardware

Longitudinal Beams - Aluminum
Forward (2 req'd)
95 cu in. x 0.1 lb/cu in. % ¢
Aft (2 reg'd)
95 cu in. X 0.1 lb/cu in. x 2
Hardware

Tie—Down'Dogs and Clamps, Est.
Electric Motors and Controls, Est.
Gun Fire Controls, Est. |
Ammunition Loaders, Est. (each)
Ammuniticn Racks and Cans (Steel)

28 in. diameter x 36 in. long @ eguivalent
thickness = 0.13 in. (each)

Ferry Fuel Tank - from extended range studies:

Tank, 600 gal capacity
Plumbing
Pallet, Tie-Downs, etc.
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12
22
42
41
13
25

7

469

15
25

19
19
10

497
28
75

Weight
1b

155

586

1,328

48

25
60
50
200

140

600
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18.

19,

20.

Rotor Brake - from CH-47C Australian Proposal:

Brake

Motor Pump

Remove Solenoid and Valve
Miscellaneous

Ammunition (each)
Projectile
Charge (zone 5)
- Case

Howitzer - Left Side
Ref.: Preliminary draft, technical manual,
operations and organizational maintenance
manual, howitzer light, towed, 105 soft
recoil, Xm204, dated March 1970

Add 30 in. to barrel, Est.

Howitzer - Right Side
Howitzer Left Side (above)
Remove: Transverse mechanism
spindle, brakes and wheels
Sections of baseplate and
carriage, Est,
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Weight
lb
51
29
20
-2
4
37
33
1.4
2.6
3,751
3,615
136
3,200
3,751
=273
-)40
-138
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APPENDIX VI

TEST FIRING OF MODEL HOWIYWZER
TO PRODUCE MUZZLE BLAST FIELDS

The feasibility of modeling the XM204 howitzer for the genera-
tion of a scaled muzzle blast field was investigated. This
effort was to provide for subsequent testing of Boeing's fully-
instrumented l1/ll-scale model of the Chinook CH=-47C helicopter
in a model blast environment. Determination of the effects of
muzzle blast on rotor and airframe loads by firing a model
weapon in the rroximity of the model helicopter would be a
valuable step in the progression toward full-scale airborne
testing of the helicopter-mounted howitzer. Results summarized
in Figure A2 show that modeling is feasible and can produce
correlation with full scale within 0.5 psi.

SCALING TECHNIQUES

Fabrication of the l/ll-scale model of the XM204 105mm howitzer
was accomplished by use of Hopkinson scaling techniques. These
replica model laws, discussed in Reference 23, are presented in
Table %XX. In brief, all linear dimensions scale as the geomet-
ric length ratio (ll:1). Mass, weight, and energy scales as
the cube of the geometric length ratio (1331:1), and blast
pressure (measured at scaled distances) and projectile velocity

of the model have a one-to-one relationship with that of the
full-scale weapon.

Table XXI lists the pertinent parameters of XM204 howitzer and
the corresponding parameters of the model weapon as determined
by application of the replica modeling laws. The scaling laws
would dictate the scaling of the propellant on a weight basis
with the model rounds loaded with 1/1331 times the weight of
propellant in its full-scale equivalent if the model propellant
had the same specific energy content as the full-scale
propellant. Data obtained from the manufacturer (Hercules) of
the model propellant (Unique) showed that its heat of explosion,
a measure of energy content, was 1,145 calories per gram as
contrasted with 770 calories per gram for the M-1 propellant
used in the 105mm rounds. Propellant scaling therefore had to
take energy into account; and the values of model propellant,
shown in Table XXI,used a scale factor equal to 700/1145 x
1/1131 = 4.59 x 10~%. The model propellant weight equivalent
to the 2.82-pound zone 7 charge is therefore:

2.82 x 4.59 x 10-% x 7000 = 9 grains

Model Weapon

Application of the 1/ll-scale factor to the 105mm howitzer
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Figure 62. Comparison of Predicted and Model Overpressure

Measurements for 2.82 Pounds (Zone 7) of Equivalent
Full-Scale Charge
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TABLE XX. REPLICA MODEL (HOPKINSON) SCALING LAWS

e e —————— ———

N

LA = Geometric Length Ratio

R S it S Y N R

Scale

Parameter Factor
Barrel Length A
Bore A
Measurement Distances A
Projectile Mass 23
Propellant Weight 23
Blast Pressure (Measured at Scaled Distances) 1.0
Projectile Velocity 1.0

TABLE XXI., MODEL VERSUS FULL-SCALE
| WEAPON PARAMETERS

Parameter XM204 Model
Barrel Length 150 in. 13.60 in,
Bore 105mm «375 in.
Projectile Weight 33 1b 173 graias
Propellant Weight (scaled on an energy

hasis) ‘

Charge_ Zzone : .

7 2.82 1b 9.03 grains

6 1.91 1b 6.15 grains

5 1.38 1b 4.42 grains

4 1.01 1b 3.23 grains
e
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resulted in a model weapon bore of .375 caliber which is a
standard available barrel., A 1917 model Eddystone barrel was
obtained and cut to 11.75 inches in length, The barrel was
then married to a Remington-Essington action and the trigger
mechanism modified for lanyard pull operation with appropriate

safety devices added. Figure 63a shows the model weapon
on the test mount,

Ammunition

Modeling of the ammunition nececssitated foreshortening and
counterboring the nose of the projectile to attain the required
scaled weight of 173 grains. As the program geal was to build
a replica model "blast-maker," degradation of projectile
velocity caused by this unorthodox nosc shaping was of no con-
cern. Similarly, projectile length was not scaled.

Figure 63b
is a.photograph of the model round.

"+ MEASUREMENT TECHNIQUES

‘Testing included acquisition of blast data and evaluation of

various types of ‘transducers. The test setup for measurement
of blast overpressures was essentially the same for all trans-
ducer types used. As two-channel reccrding was available,
only two transducers could be used at any time. Transducer

location was measured in calibers (actual distances divided by

the diameter of the weapon's bhore). In this manner, compara=

-tive measurements at a given number of calibers coull be made

for model and full-scale weapons.

In all measurements, transducers were located in a planec per-
pendicular to, and 14.4 calibers forward of, the muzzle and at
distances of from 10 to 50 calibers from boresight of the
weapon, The selection of 14.4 calibers furward was made to

"locate the measurements along a radius Ifrom the center of the

blast.

A sand-fiiled five-gallon can with a cardboard lid was used as

a bullet catcher and was located approximately 10 feet in front
of the weapon.

A microphone was positioned nearer to the muzzle than either

~transducer at a location experimentally determined for ecach

test setup to provide triggering for an oscilloscope. A Polar-
oid oscilloscope camera was employed for data recording.

Microphone transducers were fed directly into the oscilloscope

input, as were the Pitran pressure transducers. The SWRI pan-
cake transducers required the use of charge amplifiers prior to
signal application to the oscilliscope. Kulite pressure trans-

ducers required use of a wide band amplificr which also provided
a buffering function.
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Figure 63, {a) Scale Model Weapon on Ball.stic Test Mount
’ {b) 'Model Ammunition Showing Projectile Modifications
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Muzzle velocity tests were performed in the Boeing test range
(Figure 64) by firing through screens 25 and 35 feet from the
muzzle, A clock started as the projectile passed a photocell in
the first screen and was stopped by a similar one in the seconad
screen, Velocity was determined by dividing the fixed distance
by the measured time. Figure 65 is a plot of velocity test data.

TESTING

First Test Series

The initial Lest series was conducted on April 24, 1972, with
an objective Jf obtaining model blast pressure data at loca-
tions of 20, 30, 40, and 50 calibers off boresight which would
correlate well with XM204 data and thus validate the model
weapon. Figures 66 to 69 show typical oscilloscope traces.

~0f the 1l rounds of assorted charge weight fired, one was a
blank vo check the test setup, two produced no data due to
faulty instrumentation, ore produced abnormally high pressures
and was discounted, and the remaining five rounds produced

"meaningful data and good c¢orvelation.

Figure 70 shows comparison of predicted and model overpressures
measured at 50 calibers using the microphone transducer. Test
data fell within .3 psi of predictions. Data taken at 40
calibers using microphone transducers are shown plotted on
Figure 71. Scope traces of the runs made at 1l and 14 grains
of propellant displayed blunted pressure peaks which were
apparently caused oy the microphone dynamic response. Data
enhancement was effected by extrapolation of the recorded
pressure amplitude trace to provide well Jdefined maxima for
those two data points. Relocation of these data points pro-
duced a better-shaped curve with very good correlation.

Although this initial test series produced encouraging results,

. its limited number of firings and sone then unexplainable
results cast doubts on the weapon's repeatability and caused
the test conclusions to be suspect. Measurements could not be
made at x/c¢ (distance in calibers off boresight) of 20 and 30
as the predicted pressure levels exceeded the microphone trans-
. ducer limitation, and the Pitran pressure transducers which
had this capability had produced the abnormally high overpres-
sures, In addition, the lower charge zone projectiles lodged
in the barrel, casting doubts on the validity of the scaling.

Initial Boeing analysis wiili subseguent confirmation by South-
west Research Institute determined the cause of the abnormal
Pitran transducer data to be due to the method of mounting and
the orientation of the mounting plate within tre blast field.
The flat plate mount had been inadvertently positioned so as
te disturb the blast field and produce a reflected pressure
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Setup For Muzzle Velocity Measurement in
Boeing-Vertol Test Range

186

g m.mh"w.‘» SukSia e i bbb el

o ol

aih

b PRI

0 kA . b

e R A LRI AT T L PR AT




LEGEND ! ]
* XM204 PREDICTION
e @ TEST DATA

‘ @oousLE ..
2000

ot A &
g ,/’. ﬁ?/””"
2 | / |~
8 1500 — / -C
E / /"8
S J
w
P 8
oo
- 1000
©

ZONE & ZONE 6
— o rZCNE 7
500 l ) L
2 5 . 8 11 14 17 20
| CHARGE WEIGHT - GRAINS
Figure 65,

Measurement

187

23

Comparison of Full-Scale and Model Muzzle Velocity

eaeder 2 B2

b



O

 Figure 66. Scope Trace of 14 Grain Firing Test = - !
Upper - Microphone Transducer at 50 Calibers

(scale: 0.36 psi/cm; 20qu sec/cm)
Lower - Microphone Transducer at 40 Calib:rs

(scale: 0.46 psi/cm: 2004 sec/cr.)

1+ ¢ i A s g et b (S e
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Figure 67. Scope Trace of 10.1 Grain Firing Test s
Upper - SWRI “Pancake" Transducer No. 14-9 at 30 H

~ lalibers (scale: 1.03 psi/cm; 200 sec/cm) i

Lower - SWR1 “"Pancake" Transducer No, 25-2 at 20

Calibers (scale: 1.18 psi/cm: 200 sec/cm)
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Figure 68. Scope Trace of 17 Grain Firing Test
‘ Upper - Kulite Transducer at 40 Calibers (scale:
1,91 psi/cm; 2004 sec/cm)
Lower - SWRI "Pancake" Transducer No. 25-2 at 40 calibers
(scale: 1.18 psi/cm: 2004 sec/cm)

Figure 69. Scope Trace of 7.2% Grain Firing Test
Upper - SWRI "Pancake" Transducer No. 14-9 at 30

Calibers (scale: 1.03 psi/cm; 2004 sec/cm)
Lower - SWRI "Pancake" Transducer No. 25-2 at 20

Calibers (scale: 1.18 psi/cm:; 200 Msec/cm)
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MICROPHONE TRANSDUCER
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Figure 70. Comparison of Predicted and Mcdel Overpressure Measure-
ments at 50 Calibers Off Boresight
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" wave. It was later determined that the measured reflected
overpressures actually correlated well with calculations based
upon the free-space (nonreflective) overpressures produced and
the angle of incidence of the wave striking the mount.

With the criticality of transducer aerodynamics and orienta-
tion thus established, it was nccessary to obtain transducers
capable of measuring free-space overpressures without causing
wave disturbance. It was . -ned that Southwest Research
Institute had desicned and built a limited number of blast
gauges for the Naval Weapons Laboratory at Dahlgren, Virginia
(Reference 24), which were ideally suited for measurement of
the fast rise time pressure pulses produced by small-caliber
weapons. Furthermore, its pancake-shaped head, feathered
periphery, and sharp edge afforded excellent aeérodynamics and
caused minimum wave disturbance. The Naval Weapons Laboratory
{Dahlgren) readily agreed to provide four of these pancake
units, but they cautionred that their eXperience with the

gauges had not been satisfactory due to a problem with noise.
Dahlgren advised that Kulite tiansducers had produced excellent
results for them and suagested this type of gauge be used.

Two of the Kulite gauges were purchased and installed in mounts
patterned after the SWRI gauges. It was planned to compare

performance of the Kulite and SWRI gauges in the second series
of test firings. ~

Repeatability would be verified in the second test series by
multiple firings for given charge weights at specific trans-
ducer locations, as contrasted with the single firing for each
condition performed in the initial tests.

The preblem of projectiles lodging in the barrel was analyzed,
and its suspected cause was. the failure to scale the engraving
surface of the projectile. The length of the engraving surface
of the model projectile was considerably greater than that
dictated by application of the scale factor to the full-scale
projectile. The resulting increase in engraving, it was the-
orized, resulted in the model projectile lodging in the barrel
‘for low charge zones, It was planned that the second test
series would employ some projectiles with reduced engraving
for low zone firings. Figure 72 shows -comparison of the stan-
dard and reduced engraving of the model projectile.

Second Test Seriesg

The second series of test firings was performed on June 29.
Fifty rounds were fired in the effort to validate the weapon
as a true blast maker capable of preoducing overpressures at
1/11 scale that of the XM204. Of the 50 rounds fired, four
were blanks to assist in test setup, five rounds produced no
data due to loss of the electronic trigger signal for the
oscilloscope, and one round (without reduced engraving)
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lodged in the barrel, The remaining 38 rounds, with the
exception of several odd data points, produced repeatable data

which showed good correlation with predicted levels of over- ;
pressure.

The first number of runs was designed to compare the SWRI
pancake transducers with the Kulite transducers. One of each

type was located at x/c = 40. Fiqure 73a is a photograph of
the test setup.

Transducers were oriented with their knife edge in the hori-
zontal plane to enable the incident pressure wave to roll ]
across them with minimal disturbance. This arranrgement,
suggested by William Burgess of Dahlgren, is superior to posi-
tioning in the verticael plane since aiming of the knife edge
at the center of the blast is less critical. A microphone

transducer used to provide a trigger for the oscilloscope can
also be seen in the photograph.

1
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During the course of data reduction and analysis of this
second test series, it became increasingly apparent that the
SWRI gauges were out of calibration. Attempts to calibrate
them with regular calibration equipment, as well as attempts
to build a simple calibrator, proved fruitless due to the
rapid rise times necessary for the calibrating shock pulse.
Once again, Dahlgren cooperated by providing the special cali-
brator - which SWRI had built for these pancake transducers,
Figure 74 is a photograph of the calibration test setup used.
Shown are transducers, calibrator, charge amplifiers, oscillo-
scope and ancillary equipment., After successful calibration
of the transducers, data taken with two SWRI transducers

correlated with each other and reductlon and analysis were
continued.

v e i 4 N
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Figure 71 is a plot of the overpressures measured at 40 :
calibers by SWRI pancake gauge 25-2 for 11 rounds fired at :
7.25, 10.1, 14.8, and 17 grains of prcpellant weight. Repeat-
ability proved to be guite good, and results correlate well
with the predicted curve.

The results of the Kulite transducer measurements proved to be xR
somewhat disappointing due to the presence of hash or ringing §
in the resulting scope traces {see Figure 68). As it could not T
be determined where in these traces to read the true over- ;3
pressure levels, both the maxima and minima of all Kulite
measurements were plotted and can be seen as a shaded band in
Figure 75. The lower boundary of the band appears to correlate ;
well witn the predicted levels, but use of these minima would -
be purely arbitrary and without scientific foundation. Similar :
P tests run with the second of the Kulites produced similar
results. The ringing is believed to be causecd by mechanical
resonances in the transducer mount. Subsequent calibration of
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Figure 73. Test Setup for Measurement of Muzzle Blast
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Figure 75. Comparison of Predicted and Model Overpressure Measure-
ments at 40 Calibers Off Boresight Using Projectiles
With Reduced Engraving
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the Kulites in a fixture which restrains the mount produced a
clean oscilloscope trace without hash, While the pressure-
sensitive crystals in the SWRI transducers were solidly potted
in their mounts, Boeing had refrained from this approach,

fearing that the epoxy-curing heat might damage the Kulite
pressure crystals.

Testing was performed with SWRI transducers 14-9 and 25-2,
located at x/c's of 30 and 20 calibers, respectively. Figure
76 is a plot of overpressures measured at 30 calibers for
various propellant weights. uood repeatability is in evidence;
and correlation, which proved almost as good as at 40 calibers,
was within .4 of a psi at zone 7 and even closer agreement at
zone 6, When projectiles with reduced engraving were fired
and measured at this same location, not only did the low
charge zones successfully exit the bLarrel, but tcorrelation

was much improved. Figure 77 shows the results of these
measurements.

Measurements taken with transducer 25-2 located at 20 calibers
are shown plotted in Figure 78. Again, repeatability was
excellent. Correlation with predictions was still good; how-
ever, when projectiles with reduced engraving were used
(Figure 79), overpressures fell below predictions rather than

above as in previous runs., Correlaticn was still within .5
pslo

Tests run at 10 calibers uzing SWRI pancake transducer 14-9
are shown in Figure 80, Results appear to run true to form,
that is, progressively worsened correlation as measurement
distances are decreased while repeatability is still good.

A summary curve, Figure 62, was then plotted showing comparison
of predicted and interpclated test data for transducer loca-
tions of 10, 20, 30, and 40 calibers off boresight for 2.82
(zone 7) pounds of equivalent full-scale charge. Similarly,
summary curves, Figures 81 and 82, were plotted for 3.23 and
3.8 pounds of equivalent full-scale charge, respectively. In
all cases, the correlation between predicted and measured
proved to be quite good.

PULSE DURATION

No data is presently available for time duration of the muzzle
blast produced by the XM204 to enable comparison with measure-
ments made during model testing. However, measurements made at
Dahlgren (Reference 25) with a standard 105mm howitzer indicate
that an average duration of 1.88 milliseconds was measured at
approximately 20 calibers off boresight and in the plane of the
muzzle. In addition, an average duration of 2.39 milliseconds
was measured at approximately 40 calibers off boresight.
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Time duration was, in many cases, difficult to estimate from
the scope traces of the model tests, However, an average of
the 24 measurements made at 20 calibers yielded a time dura-
tion of 165 microseconds which, when scaled up by the factor
of 11, equaled 1.82 milliseconds (only .06 milliseconds less
than the full-scale Dahlgren data). The distribution appeared
Caussian, and the range varied from -.94 milliseconds to +.82
milliseconds from the arithmetic mean.

A plot of 15 measurements made at 40 calibers (the results of
the ambiguous Kulite readings were nct used) yielded a distri-
bution curve which was somewhat skewed at the upper end. The
average vilue of blast duration was 197 microseconds which
scaled up to 2.17 milliseconds (as compared to 2.39 milli-
seconds for full-scale data). The distribution ranged from
-.97 milliseconds to +.69 milliseconds c¢f the arithmetic mean.

CALCULATIONS OF PREDICTED OVERPRESSURES

As an example of the method of predicting overpressures, cal-
culations are presented for finding the predicted ovecspressure
.at x/c = 40 and z/¢c = 14.4 for a zone 7 charge fired from an
%XM204 howitzer with a s0-inch extended barrel. Calculations
are based cn Reference 6 with muzzle velocities obtained
verbally from Rock Island Arsenal.

Overpressure (iP) = 552
C'L
where
C = 4,16 in. (bore diameter)
L = 12.5 ft (barrel length)
Er = thermal energy (ft-1b)
K = dimensionless isobar constant

Using Figure 4 of Reference 6, K is found to be

2.75 x 10~".
p o 2:75 x 107" (Eq)
' (4.16)% (12.5)
LDo= 1-27 X 10-': (ET)
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Ep
Ep - ==
AT 33

Ey = ﬁotal énergy available in prépellant
= 1.4 x 10% (Hg) (Wo)

where

He = 700 cal/gram (for 105mm propellant)

We = 2.82 1lb (zone 7 charge)

Ey = 1.4 x 103 (700) (2.82)

Ep = 2.76 x 1C0° ft-1b

Mp (Vg)?2

Ep (Kkinetic energv of projectile) = 3

Mp = projectile mass (slugs)

-

Vo = 1700 ft/sec (zcne 7 muzzle velocity)

1y 2 s
1.025(1.7 x 10) Ep = 1.48 x 10° ft-1b

Ep = 2
so that
!— EP
ET —a EA —“—‘—.85
c 1.48 6
Ep = 2.76 x 10° - =22 X 10
Ep = 1.02 x 10° ft-1b
and N
AP = (1.27 x 107%)(1.02 x 10°)

4P = 1.3 psi

CONCLUSIONS

Modeling of the XM204 howitzer to produce scaled muzzle blast
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f%elds is feasible at 1/11 scale. Some further experimenta-
tion with propellant weight and projectile engraving would be
in order as these parameters represent the greatest source of
error. To a lesser degree, instrumentation and test setup is
felt to be another error source. In model scale, the size and
relatively blunt shape of the transducers raise concern. An
isobar plot of XM204 overpressures shows that large pressure
gradients exist at the close-in ranges, so a slight error
would cause a fair percentage change in overpressure measure-
ment. The knife edge of the transducer, while keen enough to
slice into the pressure wave without perturbation at full-
scale dimensions, is rather blunt at model dimensions.

It is felt that the SWRI gauges are satisfactory for model
blast testing. The noise reported by Dahlgren was not experi-
enced, and this is attributed to the use of shorter leads of
Microdot cabling. Cable runs between transducers and charge
amplifiers were limited to 10 fee:t. More suitable mounting
provisions and retesting would be required before the Kulite
transducers could be considered usable.
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APPENDIX VII
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FING OF MODEL S'TRUCTURAL PANEL WITH MODEL HOWITZER
TO EXPLORE DYNAMIC EFFECTS OF MUZZLE BLAST

An instrumented model of a structural panel was fabricated
and tested for response to muzzle blast to explore how well
peak panel dynamic stresses due to blast can be predicted.
The muzzle blast field was caused by a model howitzer. The
medel was an 1/1ll-scale structural representation of the most
critical panel of the CH-47C for muzzle blast effects. The
location of the scaled tost panel relative to the muzzle of
the model weapon is shown in Figure 83. It was found that if
the panel is considered simply supported rather than clamped,
and if the stress concentration at the edge of the panel is
properly accounted tur, the experimental findings can be ade-
Juately predicted.

”

rhe model panel was made of a readily-available aluminum sheet-

stock which was close to the desired model panel thickness.
Mumber 3003 aluminum alloy with H27 temper and a yield strength
(Fty) and ultimate strength (Ftu) of 27,000 psi and 29,600 psi,
respectively, was selected. Chemical milling was employed to
reduce the .005-inch thickness of the sheetstock to the scaled
value of ,0036 inch. A .45-inch x 1.75-inch window (represen=
ting full-scale panel dimensions of 5 inches x 19.25 inches)
was cut in a relatively thick aluminum plate to simulate the
structure supporting the aircraft skin. The model skin was
tiren cemented in place across the window and a straih gauge
cemerited to the skin. This assembly can be seen in Figures B84a
and &d4b. A Pitran pressure transducer was mounted on the

supportirg plate near the model skin to record reflected pres-
sures.

To assure that the chemical milling did not reduce the strength
of the model skin material, samples of milled and unmilled
material were tested with a Siemens Microhardness Tester and
found to have egual hardness. The assembly was then mounted on
a wooden beam and positioned tec simulate the aircraft with the
panel approximately five calibers forward of the muzzle and

12 calibers parallel to the line of fivre of the model weapon.
Figure 73 shows this test sectup.

The test was desigred to demonstrate the firing of a zone 5
modeled charge (simulating the air-to-ground mode} without
damaging the model panel. The model rounds used 7.25 graino
of propellant, As mentioned in the model weapor discussions,
it was found that the energy content of the model propellant
was such that this model charge actually modelec a full-scale
charge of 2.2& pounds which falls between zones 6 and 7.

209

(TRITE oY

il Rl dul.
K L= D e s e b e e A Lt
e IO B i e s i i b crc



T et Y o T }
I
SURPORT STAUCTURE
R g—— 100" g
PLAN VIEW
an

7. /%__

SUPPORT PLATE o]

SCALE MODEL
GUN MU221E

o —

r—r--———-—--u —

|
i |

X e | ‘\{\
I
l
|
!
1

\

0036 ALUM

BONDED 1O SURFACE OVER
WINDOW IN SUPPORTING PLATE

il
v gl:_:
\\k :

[ — 175 e

F—————-—.-—-—‘—-—.—-—-—-—-————-

Figure 83.

SIDE ViEw

Scale Model Skin Panel and Supporting Structure
210

i



_ ———

o RS LA B EOT e et R ASIWY S ANE ERTEa i AR TR | AT ARG TN K T SRS AT s e

Hoak el Kl i

(a) Top View Showing Strain Gauge and Pitran Pressure
Transducer Mounted

DGk Wit sids . ctie ik Vhinmsdil

3
:

i N

i H

E

%

i

;

i 1

¢ 3

¥ 3

4

¥

iﬁ‘_‘

;

P

¢

(b) Bottom View Showing Window in Panel Support Plate

B Figure 84. Scale Model €kin Panel

Wiea bt i A2

211

bt et s S RS AR R BLSES (e DR ) BT RT S AT e - b da s en buRtE B



TmowiT== o Tl am

)
b
!

e bl 4 hil e

Employing the formulae in the Salsbury report for general

Llast field solution, Reference 6, and using the full-scale ;
muzzle velocity determined ly use of the curve shown in 3
Figure €5, a frce-space blast overpressure of 5.5 psi was pre-
dicted for the geometry of this test setup. At this level of
cverpressure, the blast wave, which st ‘ikes the panel at a
nearly-normal angle of incidence, experiences a reflection
factor of 2.3, resulting in a reflected overpressure of 12,7
psi.

m 4 Lo

Using similar analysis to that shown for calculating protective : C
panel doubler thickness, but using the lower yield strength of
the model panel material, the dynamic yield strength of the i
moudel material is found by the formula: 3

Y- Fty.
v, ey |
| N
sy, = 143,600 x %%f%%% ) - | %
ey, = 99,300 psi f
where i
cy) = dynamic yield Strength of full-scale panel ér
material :
sy, = dynamic yield strength of model panel material ?l
Fty, = static yield strength of full-scale panei %

mateirial o

I

Fty, = static yield strength of model panel material

The critical impulse for yield becomes:

I, = —Xc
_,0003 x 9.93 x 10"
I = == 16,470

Io = 1.81 psi-milliseconds
where

= panel thickness (ft)

o

i
I

velocity of sound in aluminum {fps)
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If the panel is considered to be clamped, its natural fre-
quency is equal to:

0 = 985 ¢
fok - .985 x 21.76 x 10" x .0036
(.45)2
= 3800 c¢ps
where .
8 = panel thickness (in.)

b = width (in,)
. 985

i

factor for aluminum

K = 21,76 x 10" for clamped panels

Its period

v=__._l__.=')' =t g :
T 555 263 x 10 seconds

(9%

The critical time

_ 263 x 107%

te = ~3 = 66 X 107° seconds

The maximum overpressure
ip = Ic/tc

., _ 1.8l psi - ms

=P 066 ms

ip = 27.4 psi
It was therefore predicted that the model panel could with-
stand the reflected pressure of 12.7 psi with a safe margin,
However, firing of the weapon actually resulted in panel vield.
A close inspection of Figure 72 will show a faint outline of
the hidden window in the support plate, resulting from parel
yield., Some failure of the cement was also detected.

It was ther theorized that the error lie in considering the

panel to be clamped. If it were simply supported, the patiral
frequency would be:
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fo = .985 K %,

Y
where
K = 9.6 x 10* for simply supported panels
fo = 2985 x 9.6 x 'lO“kx .0036
(.45)¢
‘ fo = 1675 cps

Its period

= ,597 milliseconds

1
T 675

The critical time

te = = = 149 milliseconds

And the allowable .p overpressure = 339 = 12,1 psi

Therefore, were this truly a simply supported panel, test

results of yield would correlate with predictions. 1In actuality,
the panel most likely falls snmewhere between the simply sup-
ported and clamped configurations. However, it is believed

that the added mass cof the strain gauge reduced the natural
frequency of the panel {(and its resulting critical time, t¢)

just enough that when added to the reduction attributed to the
method of support, resulted in a reduction of allowable over-
pressure to below that produced by the weapon.

The measurement of pressure by the Pitran gauge proved disap-
pointing as its readings of 3.2 psi were far below the predicted
level of reflected pressure. The scope trace was indistinct

and difficult to interpret, and it can only be assumed that
either the gauge was faulty or the calibration of the system

was in error.

Strain gauge measureme..ts obtained appear to be believable with
an indicated strain {(in the area of the gauge) of .00243 in./in.
This is not the strain required for yield which is calculated
as:

= X
£ETE
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. 99,300 _
10.5 x 1G°

. 00945 in./in.

i

The difference in these two values apparcently results from the
positicning of the gauge away from the edge of the panel, It
is reasonable to assume that the actual strain a. the edges of
the panel, where the greatest stress concentration occurs, is
casily four times that measured in the area nf the gauge. It
is therefore understandable that yield occurred under these
conditions.

It is concluded that model testing is a valuable tool in pre-
dicting ifull-scale responses to muzzle blast. Care must be
taken, however, in design of the instruncntation and in the
determination of the edge conditions wf the panel.

e
—
(W]

ettt b s ot e o S B i i Sttt ARt mL;.ea.’mM

Wl

O O L R

LRI YR R N V)

RCRIN



S un . mluuw

APPENDIX VIII

PERFORMANCE SUBSTANTIATION

HOVER DOWNLOAD ESTIMATE

An estimate of the incremental increase in hover download of the

Aerial Artillery configuration over the standard CH-47C is pre- :
sented beliow,

Download, in terms of total rotor thrust, is expressed as
follows: ‘

v Byis v ¢

Ay z o ‘ 5

» ) DL \2' pv / v ‘DV AV . \..

] T 2a 0 w2 4A | 8 r R? '
\\IND

IND ' IND /

where: DL = hover download, lbs
T = total rotor thrust, lbs

D, = vertical drag coefficient of fuselage section
A, = exposed vertical drag area, sq. ft.

¢ = mass density of air, slug/ft’
A = total rotor disc area (2 - RY), ft2
R = rotor ;adius, ft.
v = actual downwash velocity, ft/sec
ViNp = induced velocity from momentum theory
(/T72s ), £t/sec

The download between two locations A and B along the fuselage
is:

Cp
oL B D, B .
- ~ (Avj —

‘.‘.IND/.'

- <
=

T/A 8 1 R*¢ ' A
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& 1 ROTOR ROTOR
- |
;fk B The exposed vertical drag area (R,} butween locations A and B
E in terms of average width (W) and lonoth {.1) in percent of
f” - rotour radius {3R) is noted beiow. ‘
B 603 R 20+ B
: (Avi = (21) (W) =8OR - _..__'_) (@) = A40%Ry -
A 100 100/ oo/ W
E‘ The final expression for hover download betwcen locations A and
il : B along the fuselage is
‘ o B
. DL - CDV ‘ 405R, @ ’ v
T - @ T "T0AH v
A
oy I = ; r~ :
‘ ‘ | 800-R ' _ VIND N B ;VIR\]D’ % JA)
gw Figure 85 presents the downwash velocity profile developed

i ; ~ from model rotor test data expressed in terms of integrated
H ‘ non-dimensional downwash velocity (i (v/viup) (3R)] as a
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Figure 85. Downwash Velocity Distribution Used
for Hover Download Calculation
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function of percent radius from the forward rotor centerline.
The test data was obtained with a tandem rotor model having
the same rotor overlap as the Ch-47C helicopter.

Applying this methodology to the CH-47C aerial artillery con-

figuration the following incremental hover download astimate is
made for the dual gun installation.

Cr . -
ygé\s Dy oy
\T ;A = T75,400) |''B i\

‘ R N B
WHERE, K =i Y w1ND»'(%R)!

i

Permanent Howitzer

% RADIUS FROM '
1 a4 77 89
FWD ROTOR G 8 > 49

| nozzie | i PLATFORM | |
i | R
| !
5 | |
i
A
4 -
FUSELAGE
FUSELAGE G - -
Exposed Area - | DL
Ref. Ay o W | Cby %3_](9 (T)W
Area l(sq. in)| (in] (ft)] AR | K (%)
Al 5230 06 4.54{.43(1) (2)] 49 | 150 220 .57
' “_ 77 1370
22 7842 | 114 | 5.72|1.00Y a5 Ta20 | 250 | 1.90
77 | 370
33 1254 47 [ 2.2Z[L1.20 37777 [370 85 30
89 | 455
Ad 1216 94 1.08 .eo VT 18 [ 0 120 14|
H ; 45 1120 | *
Total - (9\.’.‘) for permanent howitzer 2.90
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NOTES:

(1) Reference: "Technology Instruction Manuwal", W.B, Peck
and C.B. Fay, Boeing-Vertol Division
(2) aCpy = .43 added to ref. area, Aj to account for extended

platform, Az, influence on vertical drag of adjacent
fuselage

(3) Reference: "Fluid Dynamic Drag", Sighard F. Hoerner,
1965 »

Removable Howitzer

( FUSTLAGE j
e

I .
% RADIUS FROM o 14 325
FWDROTORG —v

DL

Ref. Ay a2 W CD\] [ _1} (f‘_)

Area J{sg. in.) ] (in.) | (ft.) 3R K |\ (%)

Ay 1170 65 | 1.5 | .80 | 14.0] 0| 45 .07
32.5| 45

A, 8496 204 | 3.5 [1.20 | 32.5| 45 |410 |2.28
‘ 89.0 | 455

Total - (%E) for Removable Howitzer 2.35

The net increase in hover download of the aerial artillery |

configuration over the standard configuration CH-47C is
svmmarized below:
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) Hover Dowrload
! (Percent of Total Rotor Thrust) | 3
I . B 3
2.90 i Permanent tlowitzer Installation ; :
2.35 ; Removable Howitzer Installation : ]
| 5.25 Net Increase OQver CH-47C ,
3 .‘ _1.

i CQUIVALENT DRAG AREA ESTIMATE

; ‘ An estimate of the increase in equivalent drag area (f.) of the :

i aerial artillery aircraft over the standard CH-47C helicopter

. is presented below.

o

:‘i Permanent Howltzer

S i

' af CD Te ]

i : Projected |Based On ‘ t Equivalent

b ‘ : Frontal [Projected I'lat Plate

P Component |Quantity Area Frontal |Interference|Drag Area

: (ft-) Arca Facter (ft )

Gun proper, 1 14.58 ARY 1.25 14.5

‘ Platform

i A and Loader

L Main 1 g.12 | 1.2 ——-- 9.7

Ao Support

ii; Beam

‘ ) Total "fp for Permanent llowitzer ‘ 24.3

.

E;I *
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Removable Howitzer

b -«.I«MM

: AF CD . Te ‘7
i Projected | Based On Equivalent
? : Frontal ! Projected! Flat Plate ! ;
| Component | Quantity . Area Frontal Drag Area
i ; (ft2) Area (£t2) =
i I 1
iGun proper 1 ! 20,10 .g(l) 16.1 ;
Retracted Gun 1 1.90 .4(2) .8 i
wheel & Axle !
!
Main Support 2 ‘ 8.43 1.2(2) 20.2
Beams (Fwd & i
LEt) I
! |
Winch Support 2 6.16 1.2(2) 14.8
Beams (Fwd & p |
Aft) i
Total 4fes for Removab le Howitzer N 51.9
NOTES:

(1) Reference:

NACA Memo No. 1-31-59L, "Parasite Drag Measure-

ments of Helicopter Rotor Hubs", G.E. Churchill & R.D.

Harrington, Feb 1959
(2) Reference "Fluid Dynamic Drag", Sighard F. Hoerner, 1965
The aerial artillery configuration has a net increase in equiva-

lent flat plate drag area (i3fg) of 76.2 square feet over the
standard configuration CH-47C as summarized below:

Equlvalent Drag Area (fg)
(FT<) '
24.3 Permanent Howitzer Installation o
51.9 Removable Howitzer Installation
76.2 Net Increase Over CH-47C
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