




























































'."here

__ EA - Ep
.85

and

EA - total energy avaj.lable in propellant

\'lhere

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

We = 2.82 Ib (zone 7 charge)

EA = 1.4 x 10 3 (700) (2.82)

EA = 2.76 x 10° ft-lb

Ep (kinetic energy of projectile)

where

Mp = projectile mass (slugs)

= Mp (Vo)2
2

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

1.025(1.7 X 103)~
Ep = 2

fJ
Ep = 1.48 x 10 ft-lb

so that

ET =.EA
Ep-
.85

2.76 10,j 1. 48 X lOG
ET = x - .85

ET = 1.02 x 10L ft-lb

and

liP = (1.27 x 10- 6 ) (1.02 X 10 6 )

liP = 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
~~on w~th propellant weight and projectile engraving would be
~n order as these parameters represent the greatest source of
error. To a lesser degree, instrumentation and test setup is
felt t~ be another error source~ In model scale, the size and
relatively blunt shape of the transducers raise concern. An
isobar plot of XM204 ovp.rpressures 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~. More suitable mounting
provisions and retesting would be required before the Kulite
transducers could be considered usable.
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';PPE~DI X VII

Tl:~;1TIN~: Of ;·IODEL STRUCTURAL Pl\NEL \'HTH MODEL HOWITZER
TO EXPLOR~ DYNA~IC EFFECTS OF MUZZLE BLAST

An instru~ented moJ01 of a structural panel was fabricated
~nd tested for response to muzzle blast to explore how well
peak panel dynamic st~esses due to blast can be predicted.
The nlu::zle I.>last fi(·ld \,'a~ caused uy a model howitzer. The
~cdel ~as dn l!ll-sc~lu ~tructural representation of the most
critical panel of the CH-47C for muzzle blast effects. The
location of the scaled t0St panel relative to the muzzle of
t~10 :Tlodel \.;eapon i~ s!1CJ\,'[j in Figure 83. It was found that if
the panel is considered simply supported rather than clamped,
and if the str~ss concentration at the edge of the panel is
properly accounted tur, the experimental findings can be ade­
~~ately predicted.

T!iC :nodel. panel ,,'us made of a readily-available aluminum sheet­
stock which was close to the desired model panel thickness.
:-'umber 3003 aluminum alloy \vith H27 temper and a yield strength
(Fty) and ultimate strength (Ftu) of 27,000 p1'li and 29,000 psi,
respectively, was selected. Cn~mical milling was employed to
reduce the .OOS-inch thickness of the sheets tack to the scaled
value of .0036 inch. A .45-inch x l.'S-inCh window (represen­
ting full-scale panel dimensions of 5 inches x 19.25 inches)
\·.as cut in a relatively thick aluminum plate to simulate the
structure supporting the aircraft skin. The model skin was
t:len cemented in pL.lc.:e across the \olindow and a strain gauge
cemented to the skin. This assembly can be seen in figures 84a
and 84L. A Pitran prussure transducer was mounted on the
supportirg plate near the model skin to record reflected pres­
sures.

To assure that the c]1(lmlc.:ll milling did not reduce the strength
of the model skin material, samples of milled and unmilled
rMter ial \,;,ere tested \'0'1 th a Siemens Microhardness Tester and
founu to have equal hardness. The aSSAmbly was then mounted on
a. \o/Ooden beam and positioned to simulate the aircraft \·lith the
panel appl'oximately five calibers fonoJard of the mUZZle and
12 calibers parallel to the line of fire of the model weapon.
Figure 73 shows this test setup.

The test was designed to demonstrate the firing of a zone 5
modeled charge (simulating the ai r-to"ground l!'oue) \,'i thout
damaging the model panel. The model rounds used 7.25 grair~

of propellant. As mentioned in the model weapor. discussions,
it was found tha~ the energy content of the model propellant
was such that this model charqe actually modele6 a full-scale
charge of 2.26 pounds '.dlich fJ.ll s between zoneE (, and 7.
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Figure 83. Scale Model Skin Panel and supporting Structure
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Figure 84. Scale Model Skin Panel

Bottom View Showing Window in Panel Support Plate

Top View Showing Strain Gauge and Pitran Pressure
Transducer Mounted

(b)

( a)



Employing the formulae in the Salsbury report for general
Llast field solution, Reference 6, and using the fUll-scale
muzzle velod ty deterr.lined l~y use of the curve shown in
Figure 65, a frc~-space blast overpressure of 5.5 psi was pre­
dicted for- the geometry of th~s test setup. At this level of
overpressure, the bL1S t \,'ave, \oJhich st 'ikes the panel at a
n0.arly-nor.mal an~le of incidence, experiences a reflection
factor of 2.3, resulting in a reflected overpressure of 12.7
psi.

using similar analysis to that shown for calculating protective
panel doubler thickness, but using the lower yield strength of
the m0c1el panel lliat0dal, the dynamic yield strength of the
mouel material is found by the formula:

cy\ = dynamic yield strength of full-scale panel
matel."ial

0Y2 = dynar.lic yield strength of model pan~l material

Fty\ = static yield strength of full-~cale panel
rna tei:i a1

Fty~ ~ static yi~ld strength 0: model panel material

The critical i~pulse for yield becomes:

JI c
::; '.

C

.0003 x 9.93 x 10 "
Ie = 16,470

I c = 1.81 psi-milliseconds

'·:!1ere

~ = panel thickness (ft)

c = velocity or sound in aluminum (fps)
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If the panel is considered to be cla:nped, its natural fr~­
quency is equal to:

..,
fo c

= .985 I' be.

S = panel thickness (in.)

:: 3800 cps

fo

where

::
•985 x 21.16 x 10 4 x .0036

(.45)2

ir,

I
I

b ~ width (in,)

.985 = factor for aluminum

K :: 21.76 x 10~ for clamped panels

Its perio,}

T ::: 3;00 :: 263 X 10- 6 seconus

The critical time

263 X 10-i,
t c = 4 = 66 x lO-c seconds

The maximum overpressure

. _ 1.81 psi - ms
... p - .066 ms
.:.p ::: 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 reaulted in panel yield.
A close in&v~ctiQn of Figure 73 will show a faint outline of
the hidden windO\or in the support plate, resulting from panel
yield. Some failure of the cement was also detected.

It was then theorized that the er~or lie in considering the
panel to be clamped. If it were simply supported, the PdtLral
frequency would be:
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fo "= • 985 K i)"

where

K ~ 9.6 X 10 4 for simply supported panels

fo = .985 x 9.6 x 10 4
X .0036

(.45)'

fo = 1675 cps

1 ts period

T .- 16\5 = .597 milliseconds

The critical time

t c = .5:7 = .149 milliseconds

And the allowable ~.p overpressure = : i:; = 12.1 psi

Therefore, were this truly a simply supported panel, test
r~sult5 of yield would porrelate with predictions. In actuality,
the panel most likely falls somewhere between the simply sup­
ported and clamped configurations. However, it is believed
that the added mass cfthe strain gauge reduced the natural
frequency of the panel (and its resulting critical time, tc)
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 di if icu1 t to interpret, and it can on ly be assumed that
ei t.her the gauge was fault.y or the calibration of the system
was in error.

Strain 9al.1ge mea5urem~ .. ::'s obtained appear to be believable with
an indicated strain (in the area of the ga~ge) of .00243 in./in.
This is not the strain required for yield which is calculated
as:

£ =
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= 99,300
10.5 x 1Gb

~ ; .00945 in./in.

rrhc difier~nce in tiles..: t\-;O \!.lhl~S app.J.rcntly resultF from th€:!
pusi tioning of the gauge a\,ay from the edge of the panel. It
i:3 reasonable to assume that the actual strain a .. the edges of
the panel, where the greatest stress concentration occurs, is
easily four times that measured in the area 0f the gauge. It
is therefore understandable that yie1J occurred under these
contU tions.

It is concluded that model testing is a valuable tool in pre­
dicting full-scale respons05 to muzzle blast. Care must be
taken, !1m/ever, in design uf the instrumentation and in the
~etermination of the edge conditions ~f 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 below.

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

CDv
A ,p. "l C

A
v
Iv ~

CDv v- Dv A"( . \'DL \2': v
- = =

A\'IND =
T

2 A '.J 2 4 8 R2 'P T vIND )IND

where: DL = hover downlJad, lbs

T = total rotor thrust, Ibs

CDv = vertical drag co~fficient of fuselage section

Av = exposed vertical drag area, sq. ft.

p = mass density of air, slug/ft 3

A = total rotor disc are:i,l (2 " R ~ ) , ft:'

R = rotor radius, ft.

v = actual downwash velocity,' ft/sec

VIND = induced velocity from momentum theory

( / T /2Ap ) t ft/sec

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

,'DL \B CD (A<l'"
v v ~

-I

T/ 8 ':T R L
··.. INDIA

A
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'l'he c',posed vertical drag d.:ea (tv) ul!lween locations A and B
in t'.:!rms of averagE:> width (w) and i. :It:th (-,ll in percent of
rot)r radius (%R) is noted below.

40'tH\ ,­_lO'O/ \w)

The final expression for hover do·.... nload between locations A and
B along the fuselage is

DLf CO\!
J3

= I 40?R,
(\~ ) \'

\T- 8::R.' -, 100 I
vINOA )1\

--- (
Co . - '[ - 1_V(I;) ( ". (V__)
BOO::R ! _ VIND (~f) B

figure 85 presents the downwash velocity profile developed
from model rotor test data expressed in terms of integrated
non-diml:i!nsional downwash velocity [;, (v/vcm) 7 ('JR)) as a
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BASIS: UNIVi:RSAL HELICOPTER MODEL TEST DATA FOR TANDEM
ROTOR CONFIGURATION WITH 34% ROTOR OVERLAP
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Figure 85. Downwash Velor.ity Distribution Used
for Hover Download Calculation
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77 89

PLATfORM I !
~~~__~_LOADER

I

::=

I
I
t

•
I

•
FUSELAGE G.. - •• - - - .....'--

FUSELAGE

%RADIUS FROM c> 18 4~
FWD ROTOR G.. \

NOZZLE

Exposed Area --
tB~J

(~I:) 1Ref. 1\V :.. ;. - C\" ))v
Area (Sq. in. ) (i n. ) (ft. ) 'tR K (%)

Al 52 :0 96 4.54 .43(1) (2) 49 150 220 .57

l.OO(l}
77 :310

",,2 7842 114 5.72 45 120 2'1n 1. 90

f-. 2.22 T20 (3)
77 37()

A3 1254 47 77 370 HS . 3()
89 455

A4 1216 94 1.08 • 80 ( 1) 18 0 120 .14
45 120 L

Total (~) for permanent hm,' i t ~ 0 r 2.90
1-._----

Permanent Howitzer

~-.JlIERE, K :::: II- \" 'v__,: (% R) ;1'
'- _ WIND' -:

Applying this methodology to the CH-47C aerial artillery con­
figuration the following incremental hover download ~stimate is
made forclle dual gun installation.

functi on of p(:!rcent radi us from the fotward rotor centerline.
The test data was obtained \\lith a tandem rotor model having
the salr,e rotor overlap as the Ch-~7C helicopter.

a.. .,;,.; ...... , __ ..-:l.' _.~ .•
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32.5% RADIUS FROM===,>
FWD ROTOR G.. ---y

The net increase in hover download of the aerial artillery
configuration over the standard configuration CH-47C is
summarized below:

Ref. AV .'..1 w CI>v {~-KJ
(~L)

;; A.

Area (sq. in. ) (in. ) (ft. ) %R K (%)

Al 1170 65 1.5 .80 14.0 () 45 .07
32.5 45

A2 8496 204 3.5 1. 20 32.5 45 410 2.28
89.0 455

Total ~ (DL; for Removable Howitzer 2.311T .

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

Removable Howitzer

NOTES:

(2) ~CDV ~ .43 added to ref. area, Al to account for extended
platform, A2, influence on vertical drag of adjacent
fuselage

(1) Reference: "Technology Instruction Manual", W.B. Peck
and C.B. Fay, Boeing-Vertol Division



Pe rmanent Howitzer Ins tallation

:--let I ncreasc Over Cit - 47C

RernO'lab 1e Howi tze r Installation

Hover "DOW!: load
(Percent of Total Hotor Thrust)

....;:.-;;;..;;..;~~;....;;::;.;;....;;;..:;..-.-------

2 .35

5.25

.,
"
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2.90

}!l;F CD Ie --
Projected Based On Equi valent

Frc.ntal Projected Flat Plate
Component Quan t.i ty .h.rea Frontal Interference Drag Area

(ft." ~.rca Factor (ft-'

Gun proper. 1 14.58 .8(1) 1.25 14.6
Platform
and Loader

'.

~·lain 1 8. 12 1.2(2) ---- 9.7
support
Beam

Total ',fe for Permanent Howitzer 24 , '3

Permanent Howitzer

An estimate of the increase in equivalent drag area (fe) of the
aerial artillery aircraft over t~e standard CH-47C hellcopter
is presented belo~.

EQUIVALE~T DRAG AREA ESTI~~TE

_-- ..J _

~""'=::':'.~ '" '.--'-~'-='-"'-~"-"'--'-'~'--"-"- ",,---,---,--,,- '".. ", ','" ", ,.•_',
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Removable Howitzer

Component Quantity

F
ProJecte
Frontal

Area
(ft2 )

D .
Based On I
Projected
Frontal I

Area

e~

E i 1 .--1qUlva ent ;
Flat Plate :

I
Drag Anila

(ft 2 )
!
I

.8

16.1.8(1)

.4 (2)

1.2(2)B. 43

1.90

20.10

2

1

1

I 20.2 I
I I
I I

\'iinch Support 2 6.16 1.2(2) i 14.8 J
Beams (Fwd & I
Aft) I
I----=-:-~;:____::___;::___'_:__:_...._._~~--_t_____::_:__::__. I

Total ~fe for Removable Howltzer 51.9

jGun proper,
I

IRetracted Gun
h'Jhee 1 & Axle I. !
\!>lain Support
Beams (Fwd &
!Aft)

NOTES:
( 1) Reference: NACA Merna No. 1-31··59L, "Parasi teDrag Measure­

ments of Helicopter Rotor Hubs", G.E. Churcilill & R.D.
Harrington, Feb 1959

(2) Reference "Fluid Dynamic Drag", Si<tlard F. Hoerner, 1965

The aerial artillery configuration has a net increase in equiva­
lent flat plate drag area (jfe) of 76.2 square feet over the
standard configuration CH-47C as summarized below:

Equivalent Drag Area (fe )
(FT2)

24.3 Permanent Bo~:i tzer Installation

51.9 Removable Howi tzer Installation

76.2 Net Increase Over CH-47C
,
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