














Right-Hand Lateral Support Beam Sizing

._----_. -,
I

~ICK Ii REACTION LOADS ~............
Condition ~oo

M
~OO

t M.S.P PYA PZA x1~0(B) (IN)
(LB) (LB) IN-LB. In-LB. IN-LB._..

• -< -- -, .
#9 -54900 0 +16600 0 -1310 -2745 .062 +.40

,. . -
#12.c 0 +54900 i +6700 +2715 0 0 .062 +.16_..

#12.d
!

0 -14200 -46200 -2850 0 0 .062 +.12
.- --- --_ .._--- ---- .

BEAM REACTIONS FOR CRITICAL DESIGN CASES

Right-Hand Side Looking Forward

MZA PZA

MyA ..py~[-P-X-A-----

SECTION PROPERTIES OF RIGHT SIDE LATERAL SUPPORT BEAM

z
t

t
t -,-

x- 10 11
- X

-.L
I- 20" .,

z
Assume t = .062

Area = 20 x 10 - 19.81 x 9.88 = 200 - 195.5

A = 4.5 in. 2
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1
9.88 3Ix = TI X 3 x .062 x x 2 x 20 x .062 X 4.97 2

Ix = 14.95 + 61.26 = 76.21 in. 4

Iz = 1 x 2 x .062 X 19.88 3 + 2 x 10 x .062 X 9.97 2

Iz = 81.19 + 123.26 = 204.45 in. 4

STRESS ANALYSIS OF BEAM STRUCTURE

Condition #9, Table XIV

,lav

lav

PzA= ~-.;;.;.;::...-..,..

3 x h x t

PxA= =2xh x t

16,600
3 'x 10 x .062 =

54,900 =
2 x 20 x .062

8,eoo psi

22,200 psi

MyA _ 1,310,000 .
= A t - 2 x 20 x 10 x .062 = 53,000 PS1

fb
MZA C 2,745,000 x 10 134,000 psi= = =I z 204.45 -

f max =
fb

+ lmaxT

f max = 134,000 + 91,000
2 -

f max = 67,000 + 91,000-

f max = 158,000 psi

Fbu = 22.5 ksi

222.5-1 +.40MS = 158 =

lmax = /(fb )2 + (lav)2
2

'!max = !{13.4' x 10'+)2 + (6.18 X 10 4 )2
. 2
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Tmax = /(45 + 38.3) x lOB

tmax = ~1,000 psi

Fsu = 95,000 psi

MS
95

1= 91"-

MS = +.04

STRESS ANALYSIS OF BEAM STRUCTURE

Condition #12.C, Table XIV

t ax ia1
= PYA + PzA =

A
54,900 + 6,700 =

4.5 in.
61,600

4.5

faxial = +13,700 psi

f b MxAC = 2,715,000 x 5 = 178~OOO psi- -rx- 76.21

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

Fbu = 222.5 ksi

Condition #12. d, Table XIV

fa:~ial
PyA + PzA 14,200 + 46,200 60,400

= A 4.5 = 4.5

faxial = 13,40U psi

,

1

I

HS =
222.5 - 1

191. 7 = +.16

c
"'a

2,850,000 x 5 = 186,000
76.21 psi

f max = 186,000 + 13,400 - ]99,400 psi

r·1S
222.5 - 1

199.4 ::: +.12
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Forward and Aft Retractable Beam Ctr~ngth. Left Side

:-taterial

z

Deam Dimension..u~cl properties

I
1

1
-x I

i!

I

1
~

~
,j

.;,
1

1

j
1
I,

1

j
J

( 1..~
, ,
l..l •

i j

Ii
\:

\

z
1" -- A - '---1

B :: 8.962 in.

A = 20.86 in.

tr. = • 79 in . flangf>...

t 10J
=: • 499 in . loJeb

2·\. 10
,

Area ., in. '

I zz = J.752.4 in. "

Zzz '';; 168 in.

.:'zz - 8.35 in •

Ixx ' - 89,6 in. ..

Zxx =: 20 in. :;

':xx =: 1. 93 in.

Fonlard Beam - Americ<ln Standard

I3 =: 5.477 in.

. =: 12.00 ill ..\

tf =: .6:;9 in.

t,oJ =: • GH7 111.

Aft B~am - WF Shape

E - 29 ~ 10: psi

434G lIT Steel

Ftu .: 150 ksi

Fty :: 132 ksi

Ftu = 145 ksi

rsu = 95 ksi

Ii .....
~~,;,r:~ ~:zt 'l:iioIi'" ~-~ . Ii T~~~-=__""'''''=>J.;l'i'''''''5__''-;''''''''~.~......._ ......'_~......,~~~~ ,.,.....,~ .._------
-~j"---



+16 .0

in.

= 1.11

166,000 - 1
9,800

158

2 x 7.75 x 24.10
2 x 168

22.7 + 60.8
12.05 ::: 7.1')

Zzz ::: 50.3 in.'

I ZZ :: 301.6 in.'

Zxx -:'.8 in. 3

,'xx = LOS in.

"zz ::: 4.55 in.

Area::: 14.57 in.:

=

=

,xa .499 x 9.63 x 4.8 + .795 x8.9'x 10
= -X- ::: 12.05

Ul timate 111lO\.Jable Bending Suess (Fl.Ju)

Fbu ::: 166 ksi From SDt·! Figure 4.2.1-8 (Refere:1ce 20)

FLy - 138 ksi

'-I Fxd 3':,000 x ')f)
9,800 psif ux ;:;

lIe :::
Zzz

::
168 :::

FLu - 1
:·15 = flJ

:·15 ,. .. 16.0

-x

K

-x

Ultimate Design ConJition #8, Table XIV

Aft Beam Anal:i~

Px =: l.~l X 36,500 x .6 ::: 33,000 ib



;:; 166000 -1
36000

M.S. = + .34

M.S. = Fbu -1 = 166 -1
f bz 124

M.~.-

1:>1)

U1t. Design condition #15, Table XIV

Pz =e x 3570 x .5 = 14300 tbs •

f bz =M = 14300 x 50 ; 124000 Psi
Zxx ~.8

Fwd Beam Analysis

Ult. Design cm dition #8, Table XIV

Px - = 1.. 5 x 36500 x .4 =22000 Lbs.

f b = M =22000 x 50 = 22000 Psix -
Zzz 50

M.S. =166 -1 =:
22

M.S. - +6.55

Aft Beam Analylli <cent.)

u1t. Desism condition #l5, Table XIV

'z ~.S x 8 x 3570 = 143CO Lbs.

fbz = M = 14300 x SO = 36000 PS i
Zx>\ 20

.

I
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LONGITUDINAL SUPPORT BEAM ANALYSIS

critical desi9 n flight condition is ~9 of Table XIV.

_____ Fuselage outline

, i

I i

~ !
I

LLnt suppor~ '-~Bcnms ~ : I '\ R/H HO\vitzer
- - ~\- -------. - ---- ---~--- ~ -- ~-"\

\ --r--'" ---.---------
L---.l t~1

I /
--"

Llll .
Howitz~

----Lony. support Beams

- - -
Figure Longitudinal support Beam

Force Diagram

\ RL F~

~i 30" C'106"-±1-
\

FLU = 1.5 x 7000 = lO,SOO lb

PRU = 1.5 x 36,500 ~ 55,000 Ib

f:MRL = Q

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

860 X 104 - 52.5 X 10
4

106

r\R ': 76,000 ib

RL ::: 10,500 lb
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(,
r

'i( C.l yc: R:h?JlI!. _!YQigd ,.i

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

---

A =- 1.19 in."

Material Properties

7075-T6 AluminuIll Alloy (CLAD)

Ftu ::: 76 ksi

F ty ::: 64 ksi

Fsu = 43' ks i

I: ;;;; 1v.3 x lO~ psi

j .j~

x B
r- \ y' ruselage

·1 :: r X
, under Skin

r --. .--- t
, 0

Use Channel Section

Assume

Fcs ::: .5 Fcy

Fes
::: .5 x 76,000 11.;,

Pcs = Fes A

,.. x 76,000
A =

.;)

.5 x 64,000

From Chap C7.4 in Bruh~ Figure C7.7

161

t ::: .128

= / .0788 x 1.19
t 5 x 1.15

.on8 x 1.19 ::: 1.15 (solve for t)

5 x t;

= .0788 9 ::: 5 for a channel
1/2

(
....2.4,000_ )
10.3 x 10;'

~ (Fcy )1/2 ~ .0788 ~:::
gt. Ee gt;'

/ ,1/2

\~) =

tlhr.,__••,..5 ~"_'......__..... _
~ ~ r

....



-r-
l
t
!
I
I

From 80M selected channel size uased on

A ~ 1.19 in. 2 and t : .128 in.

Channel AND 10137 - 2013 -1

A = 2.0 in.

A == 2.5 in.

t == .188 in.

Area :: 1. 25 in. 2

y = .939 in.

I xx :: • 772 in. ..

I yy = .8394 in. "

LEFT SIDE HOWITZER T~~DEM HOIST LOACS--
The two hoists will be sized, DBsed ~n Appendix II, Design
Criteri.l.

~oad factor; 3 g'5 vertical

Maximum coning angle = 15" in any direction about the vert.

162

Left Howi tzer

49" -
I

.. -I.,105"

Pzu:: 16800 Lbs.

Pzl

I­
d----.l---

Fwd..



Pzl :::: forwarct hoist cable reaction load, Ib

Pz2 ::: ~fc hoist cable reaction load, l~

Howitzer weight = 3,750 lb

Pzu (ultimate de~ign load) = 1.5 x 3 x 3,750 Ib

Pzu = 16,800 1b

Hoist Cable Ultimate Reaction_~

Siqn Convention - Positive Shown

z (Up)

Pz

Px t !>lz
(Fwd)x _ ... -,

Hx \!-ty

Py 'y (Side)

E:F z + 0

Pz1 + Pz2 = 16,800 lb

f~icg = 0

49 Pz2 - lO~ Pzl = 0

P == 105 p
z2 49 zl

Pz2 ::: 2.15 Pzl

1
1>z2 + Pz2 ::: 16,800'2.15

Pz;t :::: 16,800
L 465

Pz2 :::: 11,500 1b

Pzl ::: 5,300 Ib

163
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,
;.,

-
..- ...._...-.102"

40" _ 30"
i-A

o ;

B .----B

'---'---:.. ';'--- .-~I' 30
0

; i ~: __
'\ I

1 t ,
1'z2= 11500 Lbs.£ of

ShiF

Raz - RBZ

•- 64" . -,
...• ..J.. _ .

.. _.... --- ---_. ~...__ . _.-, .

i

I'
!
~

D

r
-1 21 ",--

RDz
-:F Z :: a

RDZ ;; 11, SOD 1b

cMox ;; 0

- 30 x U500 - 21 x 11500 - 40 RBZ + 104 Raz = 0

64 Raz = 51 x 11500
64

RBZ = 9,200 1b

Check

- 51 x 11500 + 64 x 9200 :: 0

\:M ZX :: 0

- 51 y 11500

I
i.

I
I

.J

o = 0 :. OK

70 x 9200 + 134 x 9200 = 0
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S~ction A-A Required Section (proviou~ page)

Hoist Structure Material

Plastic Bcndinq at section A-A Abo~t the X Axis

z b = 6"

--t-, ,- B = 6"

t i t = .064"-- Hx -
.L

-- B r--

7075-T6 Al. Allo~{ (CLAD)

Propert i.es

Ftu = 73 K5i

r ty == 63 K5i

Fsu = 44 Ksi

E = 10.5 x 106 Psi

= 115000 ps i

;: 1.5

165

;::;; 30 x 11500
ZR

P.cqu ired

for K

ZR

;: j'Pz2

= 115 K5i )

;: 84 Ksi
Fb".l

- -

ZR = 30 x usoe
'---rTs CJ 0 0

3 O · 3ZR -- • Ln.'

AssutT,ed Sect ion

Fbu = rlc



IX

where

h
. I

b

H

8

Ix

Zx

Area

A

A

BH 3 - bh i

= ~-2--

= 1.5 in.·~

1•

ZR
r-1S = Zx - 1

!-1S = 0.0

Vertical Support Member, Section B-B

col~~n Instabili~

Allowable Stress Pc
;- ~F

=
{L ' /. F

Column End Fixlty Coefficient

C =4

A£sume Section same as Section A-A

L' = L = 90 in.

.064"

.-hI
LJ~
H''-l

i·

., = 2.45 in.



Pi a

::: determine

::: 5.23 slugs/ft~

::: 16,470

::: 240

::: 11 x 10" (1. 58
X 10 1\ psf)

::: 59,000

= 39,000

::: 143,60U

::: 143,600 psi

-.'4 .. A .. .&.

static yield strength, psi

static ultimate strength, psi

C thickMSS (doubler)

l - density

C - speed of sound, fls

Vc - cri tical velocity, fls

E elastic mOQu1us, psi

:: +S.8S

90
= 2:T5 ~ 37

167

2024-T3 Aluminum Alloy (CLAD)

dynamic yield strength, at
'.Ie' psi

CV = 5.23 x 16470 x 240
I e -- 144

Material

1'15

Fc = 52.5 ksi

f c
RDZ 11500

7,670 psie
A

::: --r:"5 '=

Fc - 1 52500 - 1
~\S = (c

::: 7670

From SDM Figure 4.1.2.1-6 (Reference 15)

L'/.,

The zone 8 charge is based on an inflight malfunction as shown
in Table XII. The aft fuselage will be protected during ground
f iring by limi bng the azir.1Uth tnvel. Prt!sent CH-47C forward
fuselage skin thicknesses are sbown on the following page.

FUSELAGE SKIN DOUBLER SIZE DUE TO GUN BLAST PRESSURE WAVE

The purpose of this analysls is to determine the forward fu~e­

laqe skin doubler sizes required due to a gUll blast at zonE' 8
charge.
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II
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STR.24
W.L.30.C

.063 i STR. 59P.
. _..• - W. L. - 3? 0

.025
W.I.. • J

17.0

~-:
Right Hand Side Skin~i)
(View Looking outb'd) (1:4S1502)

Skin Gages

(4~ ~ ~~ ~~9 {~
, '( I' ,

I • • -:...... .• _i~TR•. 59L

~ - ~_ •.~25 ... _ .. r~_·L. 45.9
I· ~ .. - B.L. 1 B.L. 33.6

B.L.17.0r .025; 28.0

B~~i.8c9L ~~~: C +~_._.. .~_O_~_~'_' ':-i-=_~:~_

l:~--.-~-:-5-5_~ ···3~:~·
. "::·':":":"'1 STR. 59R

Bottom Skin(1) B.L.45.3
(View Looking Up) (11451504)

~ t95\ @ ~ Long'~'-7 '7 -----'t- - 4lR
..~ W.L·S3.7
~ .071 STR.37
\-;._- .0:3S-- ··.w:L.38.0\ C) w.L.34.9

A .040 1 Cabin
/ r Door

cutout

ng'N 6L

I WL 47.0

II.STR.Il
W.L. 23.2

.040

.040

, I'it Escape
Hatch

cutout

"

~?

Tlnper
(View

Fu!:>elage ,(;::'),. "del
Station ~2) <::2~ ~'7

I ILong'N ~ll ~7~~
[ .050 I .040 I

B.L. B.L.
18.0 10.5

£ -- -- --..-_ .. '-

~~
I

STR.16
.J------;~----_l

~.y:L. .040 ·W.L. -5.3

-17f_ .025 STR.21

-... =---- __ .025 ·W.L.-30.0

Left Hand SideS~ STR.59L
(view Looking rnh'd) (114S1501)

Forward Fuselage

f-'
C7\
co

~__•..-..."...-..>..lIoo..t.....

r



r -

where

p ~ 12.0 psi

b = iO in.

a = 5 in.

169

--- b ---,

[ J

-_L

---~_. -i-

Po = ambierit pressure = 14.7 psi

The critical time (te) is the duration the yield pressure must
act to ottain sufficient impulse to yield the structure. The
critical structure Of. th~ CII-47C is a panel normal to the
howitzer pressure blast.

Pr = 2 (7Po~)
P "JPo + P

(
7 x 14.7 + <1 x 12)

Pr :: 2 x 12 7 x 14.7 + 12

Pr = 31. 5 ps i

Pu = 1.5 x Pr = 1.5 x 31.5

Pu = 47.25 psi

The critical impulse,which is the maximum allowable impulse,
is 1efined in Reference 9 as:

Design pressure (P D) is equal to p~ak reflected overpressure
(Prl and the ultimate design pressure Pu :: 1.5 x Pro

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

f'n!e-space peak overpressure (p) from a zone 8 howitzer charge
is:



r

The panel frequency from the Boeing-Vertol SD~i (Reference 20)
f~r simply supported ends is:

f 1:11
•98 5 x 9. 6 x 10 I, "

2S ( \'i
";

f ". 377 5 ~ cps

From Reference 9. the critical time t c is:

1
t c = 4 x f

1= 4 x 3775

Equating the impulse required to yield the panel and the criti­
cal impulse gives:

.- ~ =c

-
f;

~ow Py is the reflected peak yield overpressure
Yield~ng of the panel is considered 3 failure.
maximum anticipated reflected peak overpressure
~ Py to maintain a positive margin of safety.

Py
... Pu = 1.5 x Pr ~ 1.5 x 31.5 = 47.25 psi

Py tc C Py C
= =':':1 4x 3175 .' \ Y

p C 47.25 x 164;0 x 12
6 2 = 4 3~IT0Y = 4 3775 l43,6tox x x

52 =: .0043

6 = • 065 in •

of the panel.
1.5 time the
(Pr) must be

A doubler thickness of .OGS in. is required to withstand a
zone 8 howitzer blast.

170

~. -
...------ ...··""oa...· ~ ~..-- ... • .............-..__:'''':.'_••. _ •... _._.

L-- -=-=========::::~====_=~~ _

1

!
t

"--.,,~,...



n
r

G'RO\.lND r!RING AZIMUTH ANGLE REQUIRED 'ro PREVENT BLA§T Dl\M)\GE

TO AFT FUSELAGE

Skin - 2024-T3 Ai. Alloy (CLhD)

RIB side
A

.02'5 x 143600

y
/' \

\
\

\
I

Ie = :::yc

C

PD
= (' i'e =

. ; Skin Thickness = .025 In.

1
l:C loS x 16470 x .003 x 12.:) t c

PI.> :. 4.04 Pfi (Max. Allo'."ab1·2 free-space overpres-
____ -- sure for present skin)

Rcquirad Dun azimuth position to prevent an ov0r~.oSS.
of thoafC sturb' d fusdag0 skin 1S; :: 150

0

Max. overpressur~ aft fuselage ~an support

r- '" \
oo...~-----t~Ot>lI't'~R~-'-'''' -_ .. ".'--' .-; . - ·180(\ Fwd _.,

1--'" ._ -.- 1. _

PIJl..TFORH ; . -------------,--......:.....:---..------.--ce:-J ;_.
....--.....,

~'---------L--~
L AA'vJS-CH-47C

171
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ESCAPE BATCH \~INDOW ::'T,EX TGLAS DOUBLER AN;"LYS IS

Drawinq Ko. 1148-2721

Material Properties from Lockheed Stress Memo No. 124.

Sa :: 3,160 psi (test sUbstantiat0d under static loading)

PUol l::scape hatch d00r strength al; Getermincdfrom tests at
Boei~g-Vertol, Drawing ~o. 1145-1713. Pane was loaded without
failure to 1.2 psi,

172

I
I
1

i
j

1

I
J
;

1
j
j

I
j
1,
1•

ension is

t ::: .187 in.

246 (Reference ?l)

E..J.i:. = 1. 2 ~ 19 'I "
Et ~ 4.5 x 10 x .187

19
.- _-----: L

--- I.I • .

: . 1
2
:

i~ t
L.

Ftu ::: 10.3 ksi

Feu = 17.0 ksi

FLu :;: 16 ksi

Fsu = 9.0 ksi

- .0:':; Ib/in.:·

FUA = 2/3 x 10300 - 6,900 psi

Coef. = l< :;:

Plexiglas :1 Solid

E - 4.5 x lO~ psi

r ". 3~ (Poi.3son' S ratiu)

k ::: 284

Sub.'
- ::: 72.5Et

Et'
Sa=72.S-­

b:

The ultimate allowable design stress

From Roark, Pg.
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•

, ,

17J

\'/1= 20.9 psi

"'ave= 17.0 psi

w2 = 15.3 psi

x 25.5 x 10.5
4 x 2 x 6900

- 21.0 in
dia

= /3 x 2S.S x 10.S
4 x 2 x 31fiO

= I 3 x Pu x r'
4 x l'u(all) dyn.

t

t - .39 in.

t

r = 10.S in.

PI. - 17 psi (limit)

t ::: .58 in.

Fu (a 11) ::: 6, <) 00 p5 i

3\')
Sr(max) ::: --.

4' t·

Sr : r~(all) = 6,900 psi (Pu(all) dynamic = 2 x 6900)

P\.\ = 25.5 psi

I\ ::: loS x 17 = 25.5 psi (ultimate)

Required doubler thickness ~ithout a stiffener using test
allowable of Sa = 3,160 psi.

Stress formulu [rom Hoark, Pg. 216, Cdse no. 6 (Reference :?II,

Required doubler thickncss without a stiffener using design
allowablc of F~(all) ::: 6,900 psi

A.;swnc a <.i~·namic coefficient of 2.0 for plastics.

Applied peak reilecteJ overpressure based on a zcne B charge,

Dynamic Stress Analysis of Circular Fuselage Escape Hatch
Doulll~r



Pilot Escap~ Door Double~ Analysis

Applied peak reflected overpressure at panel is

PL = 5.8 x 2 = 11.6 psi

U1 timate

Pu = 1.5 x 11.6 = li.4 psi

A~1owab1c str~~s Fu (a11) = 6,900 psi

Allowable dynamic stress = 2 x 6,900 psi

Required doubler thickness

t
= /2 FU(illl) b o

" = /2 x 6900 x 19"
72.5£ 72.S x 4.5 x 10':

t = .39 in.

174



P' ..-.-..;;....:.----- --------.---.-- - --.-----.----------~,

\.;l".ere

30 () i n- l!)/ in.

6540 psi

1'50, GOO _ 1
1 = 135,000

:eu

300 =-
'blast = (2.52) (.OU»

t = skin thlckness

t-lS -

I-1S = +0.11

~blast = d x t x 1

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

J = distance between top and bottom skins

The allowa~lc ul~imat0 compression stress is 0CU = 38,200 psi
(Reference 22). At X/U = .95, the maximum maneuver flight air
pressure loading is a maximum and causes a compression stress
of ~ = 26,470 psi. The stless due to the blast is

'I'he additional momcr.t per inch at the spar-to-box attachment
due to a uniform pressure of 1.2 psi applied to the box is

~M = 1/2 (chord - spar)~ ~Pblast (1.5)

= 1/2 ( 25. 25 - 7. 1) <: (1. 2) (1. 5)

~. BLADE SPi\R STRESSES DeE TO i>IUZZLF. BLAST

The u!.timate maneuver stresses wnrc calculated at six critical
stations to include the increase in stress caused by muzzle
blast. A 1.5 ultlmatc factor ~s included in this stress. The
maxi~uM stress was 13,)00 psi attained at x/R = 0.187. This
stress 10\,'el yiellis a n!a~g in of safety (NS) of

- 1

38,200 1
(26,470 -;. «>40) -

,'·15 =- +0.16
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A blast pressure which would cause a MS = 0 would bu:

2(38,200 •. 26,470) (2.52) (.018)
(25.25 - 7.1)21.5

2 '.;'1 d t
~ =(chord - 7. 1) "

= 3.. 23/1.5

Pblast = 2.09 psi

~hilc this small pressure implie~ a small margin, the above
calculation is based on firing during a maximum maneuver condi­
tion and is therefore extremely conservative.

The sp~r stress fatigue limits (N - 3~) have been calculated'
by adding the stresses due to firing to the maximum level
flight stresses at the critical bli.lde stations. These calcula­
tions shOt·; t1.<1 t th0 increases in the stress levels at these
critical blade stations due to the pressure blast do no~ create
any fatigue problems at the stations indicated. Calculations
of the effects of the mUZzle blast on the fatigue strength of
the blddt: aen~'iynamic fairing have also been performed for the
critical blade section. The additional alternating moment per
inch due to the blast pressure at x/R = .95 is

~M ; 100 in-lb/in.

The maximurr. level flight alternating moment is 108 in-lb/in.
(Roference 19), and the fatigue endurance limit is 243.6 in-lb/
in. The fatigue limit is thereforn not exceeded, and the
margin of safety is:

:.is = 24 3 . 6 - 1
208

;,15 = +0.17
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no

96

96

60

586

25

Weight
Ib

,
J.

6

3

1

8

3

5
41

7

22.5

l3.2

2.2

34

4

(55) (2)

(12)(5)

Lateral Beam (Aluminum)
1.5 sq in. x 150 in. long x 0.1 lb/cu in

vertical Support (Aluminum)
1.5 sq in. x 88 in. long x 0.1 Ib/cu in.

Diagoncl Brace (Aluminum)
1.0 00 x 0.08 in. wall x 90 in. long x
0.1 Ib/cu in.

Gusset - Main Boom (Alumi~um) (2 req'd)
170 sq in. x .125 in. thick x 0.10 Ibl
cu in. x 2

Fitting - Buttom Vertical Est.
Fitting ~ Diagonal Vertical Est.
Attaching Hardware
Hydraulic Winch, Breeze BL 4600
Winch Control pa~el, Valve, Pump, Electrical

Co.mectors, etc.

6. Aft !iQist - Same as Forward

1,820 sq in. x 0.06 in. thick @ 0.1 Ib/cu in. 11
Rivets, etc. 1

ForwaLd (4 reg'd) 20 eu in. @ 0.1 lb/cu in. B
Aft (4 reg'd) 30 eu in. @ 0.1 It/ell in. 12
Attachin~ Hardware 5

APf-ENDIX V
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5. Forward Hoist

DETAIL \':EIGHT SUBSTANTIATION

4. Muzzle Blast DOUblers (2 req'd)

Add aluminum plates
5,201 sq in. x 0.065 in. thick @
0.1 Ib/c\1 in.

Upper Sliding Side Window, Double
Thickness 0f Gla~s 1.93 1b x 2

Lower Fixed Side Window, Double Thickness
of Glass 3.86 1b x 2

Esca~e Hatch Window, Double Thickness
of Glass 1.4 Ib x 2

Attaching Hardw~re Including Rubber Snubuers

3. Prame Reinforcements (5 reg'd) (aluminum)

2. Beam Attachment Fqrgings (A)uminum)

1. Crash Resistant r~el System ~Ref. ECP 626)

r
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7. Gun support Platform
Lateral Beam (Aluminum) (6 req'd)

60 cu in. x 0.10 Ib/Cu in. x 6
Spokes (Aluminum) (5 req'd)

44 cu in. x 0.1 lb/cu in. x 5
Ring Gear (Steel)

14J eu in. x 0.3 Ib/cu in.
Walking Platform Screen

8,221 sq in. x 0.005 Ib/sq in.
~ttaehing Hardware
Screw Jack Est.

6. Forwa~d Lateral Gun Support
Lateral Main Beam (steel)

257 eu in. x 0.3 Ib/cuin.
Lateral Excension Beam (Steel)

1,562 cu in. x 0.3 1b/cu in.
Bearings, Stops, etc.
Attaching Hardware

9. Aft Lateral Gun Support
Main Beam (Steel)

883 cu in. x 0.3 lb/cu in.
Aft Lateral Extension (St~el)

3,410 cu in. x 0.3 lb/cu in.
Bearings, Stops, etc.
Attaching Hardware

10. Longitudinal Beams - Aluminum
Forward (2 reg'd)

95 CU in. x 0.1 lb/cu in. x 2
Aft (2 req'd)

95 cu in. x 0.1 Ib/cu in. x 2
Hardware

11. Tie-Down Dogs and Clam?s, Est.

12. Electric Motors dnd Controls, Est.

13. Gun Fire Controls, Est.

14. Ammunition Loaders, Est. (eac~)

15. Ammunition Racks and Cans (Steel)
28 in. diameter x 36 in. long @ equivalent
thickness = 0.13 in. (each)

16. Ferry Fuel Tank - from exte~ded range studies:
Tank, 600 gal capacity
Plumbin9
Pallet, Tie-Downs, etc.
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12

42

41

13
21)

77

469

15
25

265

1,023

15
25

19

19

10

497
28
75

Weight
Ib

155

586

1,328

48

25

60

50

200

140

600



18. Ammunition (each)
Project.ile
Charge (zone 5)
Case

19. Howitzer - Left Side
Ref.: Preliminary draft f technical manual,
operations and organizational maintenance
manua~, howitzer light, towed, 105 soft
recoil, XM204, dated March 1970

17. Rotor Brake - from CH-47C Australian Proposal:
Brake
Motor Pump
Remove Solenoid and Valve
Miscellaneous

i
)

!

3,200

136

3,751
-273
-140
-138

Weight
Ib

51
29
20
-2

4

37
33
1.4
2.6

3,751
3,615

179

Right Side
Left Side (above)
Transverse mechanism
spindle, brakes and wheels
Sections of baseplate and

carriage, Est.

Add 30 in. to barrel, Est.

Howitzer ­
Howitzer
Remove:

20.

h



APPENDIX VI

TEST FIRING Of MODEL HOWItZER
TO PRODUcE MUZZLE BLAST FIELDS

~he 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 l/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 :n the rro~imity of the model helicopter would be a
va~uable step in the progression towardfull-scal~ airborne
testing of t~~ helicopter-mounted howitzer. Results summarized
in Figure h2 show that modeling is feasible and can produce
correlation with full scale within 0.5 psi.

SCALI~G TECHNIQUES

Fabrication of the 1/11-sca1e model of the XM204 !OSmm 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 (11:1). Mass, weight, and energy scales as
t:he cUbe of the geometl."ic length ratio (1331: 1),· and blast
pressure (measured at scaled distances) and projectile velocity
nf 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 curresponding 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 energycoritent 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 710 calories per gram for the M-l propellant
used in the lOSmm 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- 4 • The model propellant weight equivalent
to the 2.82-puund zone 7 charge is therefore:

2.82 x 4.59 x 10- 4 X 7000 = 9 grains

Hodel t'ieapon

Application of the l/ll-scale factor to the l05nun hmoJitzer
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Figure 62. Comparison of Predicted and Model overpressure
Measurements for 2.82 Pounds (Zone 7) of Equivalent
Full-Scale Charge



TABLE XX. REPLICA MODEL (HOPKINSON) SCALING LAWS

Parameter

Barrel Length

Bore

Measurement Distances

Projectile Mass

Propellant Weight

Blast Pressure (Measured at Scaled Distances)

Projectile Velocity

A = Geometric Length Ratio

TABLE XXI. MODEL VERSUS FULL-SCALE
WEAPON PARAMETERS

Scale
Factor

1.0

1.0

Parameter XM204 Model

Barrel Length 150 in. 13.60 in.

Bore 10Smrn .375 in.

projectile Weight 33 1b 173 grain,:;

Propellant Weight (scaled on an energy
basis)

Charge Zone

7 2.82 Ib 9.03 grains

6 1. 91 lb 6.15 grains

5 1. 38 lb 4.42 grains

4 1. 01 Ib 3.23 grains

-
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resulted in a model weapon bore of .375 caliber which is a
~tandard available barrel. A 1917 model Eddystone bnrrel was
obtained and cut to 11.75 inches in length. The barrel was
then married to a Remington-Essington uction und the trigger
mechanism modified for lanyar~ pull operation with appropriate
safety devices added. Figure 63a shows the modol weapon
on the test mount.

Ammunition

Hodeling of the ammunition necessitated foreshortening Jnd
counterboring the nose of the projectile to attain the required
scaled weight of 173 grains. As the program gaul \...as to build
do replica model "blast-maker, II degradation of projectile
velocity cduscd by this unorthodox nose shaping was of no con­
cern. Si111iJ.arly, projectile length \Vas not scaled. Figure 6.3b
is a.photograph of the model round.

'. ~EASURE~ENT TECHNIQUES

Testlng included acquisition of blast data and e~aluation of
varlOUS types of transducers. The test setup for measurement
of blast overpressures was essentially the same for all trans­
ducer types 'Jsed. As two-cham\el reccrdinC! was aVAilable,
only twu transducers could be used at any time. Transducer
location was measured in cdlibers (actual distances divided by
the diameter of the weapon's bore). In this manner, compara­
tive measurements at a glven number of calibers coulJ be made
for model and full-scale weapons.

In all measurements, transducers were located in a plan~ per­
pendicular to, and 14.4 calibers forward of, the muzzle and at
distances of from 10 to 50 calibers from boresighL of the
weapon. The selection of 14.4 calibers furward was made to
locate the measurements along a radius [rom the center of the
blast.

A sand-filled five-gallon can ~ith a cardboa~d lid was used as
a bullet catcher and was located approximately 10 feet in front
of the weapon.

A microphone was positioned ne.:lrer to the muzzle than either
transducer at a lo,;ation experimentally determined for each
test setup to provide triggering for an oscilloscope. A Polar­
oid oscilloscopp. camera was employed for data re~ording.

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
ducersrequired use of a "lide band ampli: ier ,...hich also provide:l
a bUffering function.
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a

Figure 63.

b

(a) Scale Model Weapon on BallJstic Test Mount
(b) Model An~unition Showing Projectile Modifications
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Muzzle velocity tests were performed in the Boeing test range
(Figure 64) by firing thr0~gh 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 second
screen. Velocity was determined by dividing the fixed distance
by the measur~d time. Figure 65 is a plot of velocity test data.

TESTING

First Test Series

The initial Lest series WdS co~ducted on April 24, 1972, with
an obj~ctive Jf obtaining model blast prcssure data at loca­
tions of 20, 30, 40, and 50 calibers off boresight which would
correlate well with XM204 data and thus validate the mod~l

weapon. Figures 6G to 69 show typical oscilluscope traces.

Of the 11 rounds of assorted cilarge weight fired, one was a
blank ~o check the test setup, two produced no data due to
faulty instrumentation, or.e produced dbnormally high pressures
and was discounted, and the remaining five rounds produced
meaningful data and good cQr~clation.

Figure 70 shows comparison of predicted and model overpressures
measured at 50 c~libers using the microphone transnucer. Test
datn f~ll 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 11 and 14 grains
of propellant displayed blunted pressure peaks which were
apparently caused oy the microphone dynamic response. Data
enhancement was effec~ed by extrapolation of the recorded
pressure amplitude trace to provide well Jcfined maxima for
those two data points. Relocation of these data points pro­
duceda better-shaped curve with very good correlation.

Although this initial test series produced encouraging results,
its limited number of firings and sor,le then une:xplainable
results cast doubts on the weapon's r.epeat~bility and caused
the test conclusions to be suspect. Measurements could not be
mnde 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 abnor~311y high overpres­
sures. In addition, the lower charge zono projectiles 10Jged
in the barrel, casting doubts on the validity of the scaling.

Ini tial Boeing analysis "d -:.h sUbsequcnt confirmation !':'y 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 tte blast field.
The flat plate mount had been inadvertently positioned so as
to disturb the blast field and produce a reflected pressure

18S
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Measurement
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Figure 67. Scope Trace of 10.1 Grain Firing Test

Upper - SWRI "Pancake" Transducer No. 14-9 at 30
.:alibers (scale: 1.03 psi/em: 200)' sec/cnl)

Lower - S\'1Rl "Pancake" Transducer No. 25-2 at 20
Calibers (scale: 1. 18 ps i/cm: 200f sec/ern)

188

: ;

I

,l
II, 1

IJ
I,
! ~

Scope Trace of 14 Grnin Firing Test .
Upper - Microphone Transducer at 50 Calibers

(scale: 0.36 psi/em; 200p sec=/cm)
Lower - Micro~hone Transducer at 40 Calib~rs

(~calC': 0.46 psi/em; 200~ sec/cr.,)

Figure 66.
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Figure 69. Scope Trace of 7.2S Grain Firiny Test
Upper - S\'JRI "Pancake" Triinsducer No. 14-9 at 30

Calibers (scale: 1.03 psi/em; 200fi sec/em)
Lower - SI'.'RI "Pancake" 'J'ransdueer No. 2~'-7. at 20

Calibers (scale: 1.18 psi/em: 200f'sec/cm)

Figure 68. Scope Trace of 17 Grain Firing Test
upper - Kul i te Transducer at 40 Cal ibers (scale:

1. 91 ps VCIn: 200,A sec/em)
Lower - S\\'RI "pancake" Transducer No. 25-2 at 40 calibers

(scal~: 1.18 psi/em; 200f' sec/em)
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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) ov~rpressures produced and
the angle of incidence of the wave striking the mount.

With tho criticality of tr3nsducer aerodynamics and orienta­
tion thus established, it was necessary to obtaIn transducers
capable of measuring free-space overp~essures without causing
wave disturbance. It was: -ned that Southwest Research
Institute had desisned and built a limited number of blast
gauges ff'r t!IC Naval ~~eapons Laboratory at Dahlgren, Virginia
(Reference 24), which were ideally suited for measurement of
the fast rise time pressure pulses produc~d by small-caliber
v.'eapolls. rurthermorc, its panci;.ke-shaped head, feathered
per ipheq', and sharp edge afforded excellent aerodynamics and
caused minimuw wave disturbance. The Naval weapons Laboratory
(Dahlgren) readily agreed to provide four of these pancaxe
units, but they ~a~tioned that their experience with the
gauges had :lot been satisfactm:y due to a problem with noise.
Dahlgren advised that Kulite tl~nsducers had produced excellent
results for them and suggested this type of gauge be used.
Two of the Kulite ga~ges were purchased and installed in mounts
patterned after the SWRI gauges. It was plRnned to compare
performance of the Kulite and SWRI gauges in the second series
of test firings.

Repeatability would be verified in the second t~st s~ries 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 problem of projectiles lodging in the barrel was analyzed,
and its suspected cause was the failure to scale the engr~vin9

surface of the projectile. The length of the engraving surface
of the model projectile was cunsiderably gr~ater than that
dictated by application of the scale factor tc the f.ull-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 Ser.ies

The second series of test firings ~as performed on June 29.
Fifty rounds were fired in the effort to validate the weapon
as a true blast maker capahle of producing 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 1055 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, wilh the
enception of several odd data points, produced repeatable data
which showed good correlation with predicted levels of over­
pressure.

The first number of runs W3S designed to compare the SWRI
pancake transducers with the Kulite transducers. One of each
type was located at x/c = 40. Figure 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
dcross them with minimal disturbance. This arrar.gement,
suggested by Willi~m Burgess of D3hlgren, is superior to posi­
tioning in the vertical plane since aiming of the knife edge
at the center of the blast is less critical. A mi.crophune
transducer used to provide a trigger for the oscilloscope can
also be seen in the photograph.

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 reduction and analysis were
continued.

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 quite good, and resulto correlate well
with the predicted curve.

The results of the Kulite transducer measurements proved to be
somewhat disappointing due to the presence of hash or ringing
in the resulting scope traces {sec Figure 68). As it could not
be determined where in these traces to read the true over­
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 wittl the predicted levels, but use of these minima would
be purely arbitrary 3nd without scientific foundation. Similar
tests run with the second of the Kulites produced similar
results. The ringing is believed to be caused by mechanical
resonances in the transducer mount. Subsequent calibration of
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Test Setup for Measurement of Muzzle Blast
195

(b) Effects on Model Skin Panel

(a) Free Space Overpressure Measurement

Figure 73.
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Figure 75. Comparison of Predicted and f>1odel Overpressure Measure-­
ments at 40 Calibers Off Boresight U~ing Projectiles
Wi.th Reduced Engrnving
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tne 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 overpressure~ measured at 30 calibers for
various pro~ellant weights. Good repeataLility 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 agreerrlent 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 barrel, but correlation
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: ho~­

ever, when projectil~s with reduced engraving were used
(Figure 79), overpressures fell below predictions rather than
above as in previous runs. Correlation was still within .5
psi.

Tests run at 10 calibers u:ing SWRI pancake transducer 14-9
are shown i~ 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, jwas then plotted showing comparison
of predicted and interpolated 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. Similnrly,
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 DURA"!'ION

No data is presently av~ilable 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 l05mm 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 c3libers off poresight.
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Time duration was, in many cases, difficult to estimate from
the scope traces uf 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
Gaussian, and the range varied from -.94 milliseconds to +.82
milliseconds from the ari.thmetic mean.

A plot of 15 measurements made at 40 calibers (the results of
the ambiguous Kulite readings were not used) yielded a distri­
bution curve which was somewhat skewed at the upper end. The
average vl1ue of blast duration was 197 microseconds which
scaled ~p to 2.17 milliseconds (as compared to 2.39 milli­
seconds for full-scale data). The distribution ranged from
-.97 milliseconds to +.69 milliseconds of the arithmetic mean.

CALCULATIONS OF PREDICTED OVERP~ESSURES

As dn example of the method of predicting overpressures, cal­
culations are presented for findi'1g the predicted ove.:pressure
at x/c = 40 and zlc = 14.4 for a zone 7 charge fired from an
XM204 howitzer with a JO-inch extended barrel. Calculations
are based on Reference 6 with mUZzle velocities obtai!ied
verbally from Rock Island Arsenal.

Overpressure (~P) ; KET
C7L

where

c = 4.16 in. (bore diameter)

L = 12.5 ft (barrel length)

ET = thermal energy (ft-1b)

K = dimensionless isobar constant

using Figure 4 of Reference 6, K is found to be
2.75 x 10-".

2.75 x 10-:' (ET)
;".P =

(4.16) / (12.5)
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'."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.

209

.]
)

1
I
1
i
1
1
i

1
j

1

1
1



PLAN VIEW

4.3'"

.00)8 ALUM
80~OED rOSURFACEOV[R
WINDOW IN SUPPORTING PtAlE

.45
,--------
I.--,,..-.-t-L.. ..I

t

I
I
I
r

I
I
I
I
I
I
I
I

SUPPORT PLATE

SIDE VIEW

Figure 83. Scale Model Skin Panel and supporting Structure
210



r-:
\
I ......

.",.

./

,

211

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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I

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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r.

= 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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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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