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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

s e
[ty]

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.
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(a) Top View Showing Strain Gauge and Pitran Pressure
Transducer Mounted
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(b) Bottom View Showing Window in Panel Support Plate

B Figure 84. Scale Model €kin Panel
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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.
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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

216

. o e i PR L Ty AR F ET ‘
AR




ey
B ' -

. . )\
47 11
. w l .
. |
I AR K l
! H
I S
TR A B
1(20% R)  (60% R) i i
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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:

220

)




—————

D R iR T e R O FL SR Ty ¥ IR _,_,,._,_EHA%

3

STVTETYRLLON S N M LS M RN SN - RN R ARTAY TR W i Tre see e ez e ny

L T T ST e

) 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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