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1. OBJECTIVE

The object of this test was to conduct swept frequency measurements of candidate
replacement antennas and couplers for the US Army UH-1B Helicopter. The measurements
were made with the test items mounted on a full-scale helicopter. The frequency band
was 30-88 MHz.
2. TEST ITEMS

The test items in these measurements were the following bent whip antennas and
straight whip antenna couplers:

Bent Whip Antennas:

FM 10-30-1, SN 582, Army Standard

AS-3595, SN 011, Quad Pod

A0-1956, SN 001, AEL

FM 10-30-4, SN E010, Dayton Granger
Antenna Couplers with Straight Whip:

CU-942B, Army Standard

AV 11-401A, SN 0004, Avant

AV 11-1011, SN 0001, Avant

FM 10-22-6, SN 0002, Dayton Granger

A0-1955, SN 0001, AEL

3. TEST FACILITY

The test measurements were conducted at the Naval Air Development Center An-
tenna Test Facility located in Warminster, PA. A UH-1B Army Helicopter was trans-
ported to the test facility and placed on a 20 by 24-foot cement pad located 500
feet from Building 115. Figure 1 shows how the test range was set up for these
measurements.

4. TEST CONFIGURATION

_ The bent whip antennas and the couplers with their associated whip antennas
=7 were mounted on the helicopter in their normal flight location (Fig. 2). Swept

; frequency measurements were made from the front, right side, and rear of the heli-
- copter.

. The test measurement equipment was located in the equipment van and configured
|E as shown in Figure 3. The swept frequency signals were transmitted from the test
- items and received by an APN-1396 Log Periodic Antenna. An APN-995B Log Periodic
- was used as a reference antenna.
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Figure 1. Test Range Setup.
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5. TEST PROCEDURE

For each measurement, the test item was mounted on the helicopter and con-
nected to the sweep oscillator through a 3 4B pad and an RF switch. The other port
of the switch was connected to the reference antenna through a 10-dB pad to reduce

its transmit level.

The reference antenna transmit level was monitored prior to the start of each
sweep to assure that the oscillator output power did not vary from one sweep to
the next.

The oscillator output was switched to the reference antenna whose output level
was recorded over the frequency band. This was done by setting the sweep oscillator
for a slow single cycle sweep (60 seconds) and then locking the receiver on the
st' ~t frequency with the Automatic Frequency Control (AFC) prior to the start of the
sweep. The output of the sweep oscillator was then switched to the first test item
and its output recorded.

This procedure was repeated for all test items with the UH-1B in the three (3)
test positions: front, side, and rear.

6. DATA PRESENTATION

The swept frequency data was reduced and plotted against the output of the
reference antenna. This was accomplished by normalizing the reference antenna sig-
nal level and plotting the test item deviation from that level. Although the plot-
ted levels are not absolute values, they are relative to each other and show the

gain differences between the test items.

The AEL A0O-1956 and the Army FM 10-30-1 Bent Whip Antennas were only plotted to
82 MHz. This is because the gain of these antennas decreased at the high end of the
frequency band to a point that their transmit levels dropped below the level of an
extraneous signal present at approximately 82.5 MHz. This caused the AFC of the re-~
ceiver to lock on the extraneous signal and prevent further recording of the test
item signal. This also occured on the Army CU~942B and AEL's A0-1955 when transmit-
ting from the right side of the helicopter. The Army CU-942B and AEL A0-1955 also
experienced extremely low signal levels at 30-31 MHz when transmitting from the
rear and the side of the helicopter. Although it did not affect the other straight
whip antennas, this could have been caused by the transmit antenna feed cable reson-
ating at this frequency. The patterns were repeated several times for each antenna
coupler with the same results. Further investigation into this area could not be
undertaken at this time because of the time limit set by flight operations. The
helicopter had to be flown out of the test area before NADC flight operations closed

for the day (1700 hours).
The gain plots are presented in the Appendices as follows:
Appendix A - Front of Helicopter
Appendix B - Right Side of Helicopter

Appendix C - Rear of Helicopter
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h: The swept frequency patterns were cataloged and are presented as recorded. A E:x
:# slight difference in the reference antenna pattern occurs between the data collected {::‘

on December 5 and 7, 1984. The test was interrupted on December 6 due to rain and
high winds. The reference and receive antenna masts were lowered at that time. The
slight difference is most likely due to the antennas not being erected in the same
exact position as on the first day of testing.
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The swept frequency patterns are presented as follows:

Appendix D - Front of Helicopter

Appendix E - Right Side of Helicopter

Appendix F - Rear of Helicopter u(;
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GAIN PLOTS FROM FRONT OF HELICOPTER
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APPENDIX B. GAIN PLOTS FROM SIDE OF HELICOPTER

LAY

e

A LA
%, L

s ¥ e
)

RS

B AP A

o 17/(18 blank)

v
"d’(‘ e R S
NN e O T e
AL AN Ay :_‘:' ":p':l' . “.:}n'1 21:[' . ..'\.'\_'a‘

0.'.- "5\ . " m - % I. \” I.' - . -
3SR I N AN g
- PRSP NI AU T SR L




Ty TEYTYY

T

R I

reTerey

Sy

T
!

«

IS S
.

N
‘an

Alatala

. |
Sy
SESEEN WA S '.

S

PR

o
-.\I

L

.

19

la

»

S

Ao

st e [T |

LALERSERRS R SRR KRR SN T Y IR X2 ¥ & 2] P N IR VIR L of VG e | .

'
[ e ] P L] -

3 (R ] i e s
a2 ' L ...ln...n-.-;.-.\-»\. .u..... B \..




’ b A DN AR
o .. ....v ...(.. ...f.. e -... ~.. . ..«\J... -\ Ry .D...x.. .
T el PORTEINPER IV APLATIP A, MM IR SR

2

o
WY

Py

a
|

Lol e o by

i}
+
.

.

.

’

T

VSRYRAY

|
i

._..j,.._l.

U S |
y

Al 2 L

N

Y

SN
LS

._'.]',_~-.;...~ e
N el .
ool .

B S e L s o

!
'
|

, b e . RESTUIS SUUUNI SIS DRSS S - 0

0 » B 231 oot oAy

o LAY INER P AVEE IPS SR YRR TRV ) PR R . AR

L TS WANAINS AW RN A




SR G e

Lol i i i * ol g

PO ol " odar odin * of

LN oA ot

R
MANdIYT .

t _ X
v - .
‘

C—— e

LAl gl ghin- grip i "o

™

- 'sT.

Lot o

",

-

Lt
.
t

|
i

._«—T—-v-“-a-—-:——

MNI2.1 )




] ‘
1
.
“.. A v - R R TTTtTTYIUTTTTTTTyY T Ty T TTITTTTYTIOTTL T
g , o T A . [ |
A : ! A4 R N SETT EPTH P | . . _ S P : !
4 : ; o o AHW N RONTANTY P . ” » “
U SV UUTS SOV SURNE SO OO stinibacdt obab il Sovos JUUON SOVPRIG DR OO SOOI i
1 w Sl : 2 R o m n o
3 5 4o A A A |
3 - : e e St MRS IR P TR SRR T SV S s e
a2 v Ve . i ! . — ‘ ' !
P T TR I | ot _n
” Pl “' L U DU OUNEN SR SUON I I . S m
b . R IR S TR | |
SR iy 3l m
S o 4 - fbees
3 R
:
|

O S S

i

wid

+
P
'
ll
»

.

TN O ARIZ

fe e @ o

goreer e

t




{--- -

PR S R TP,

D il BrEreret

_..gmﬁcoﬁam 4.

S

RARRRI "N




T

T

e

Cadeote

2 of

.

LA\ A a0 gy o

-l

el A At et vl gL u

M et o den el oas s o

T T WY

oD

RACT A

i
B

-

AONUPEY
Co

.

L

b
.

.
‘
'

S U

..... +
.

IS -Lw RS U S S

TTRR 40 WII§ IHOT

e e -

I i

i

’

4
‘

v

'
l..
'

+

‘

———

2

4




ﬁ., ;
b 5
l-
a
(.
‘-
vv.
2
P
I.
y
s
.
I-
&
£
S
p.
p,
{ ]
), K
. E
,
5 L
, o~ 4
Vv i :
3 b
) 4
1 4
[l .L
¥, g
.Y

oy

L ohd

o

’,

”

',

¥,

4

v,

v

v

Pl

v

v

V' 4
’ . u
M. iy
, ‘.

; s
. ¥

. ol
) AR
»' X
. |
e

4,

- o e
t . P Ak IE I YOI RATANNY -




himd

o~

e

b e

Tw e

bl

o

gt

. [
LY 3reIan
[

' QoMY 04 A LIV

e e o s meps s s § v

T

Pl
{
3
.

Aty
.

v

26




S

PP

L T

T

vy

-y

o

ank)

B DM

—
Q
'.
: [e0]
(o]
a
. ~
r ~
-- o
2
4
p .
J
$
2 1
8 i
vv-. it
3 it :
. it I
gl
o I
i, 34
; !
-. 1]
.\. }
p
‘
l‘l
\.
,.-
"4
f
"
‘
A

¢
A

> -.-I N «.-u- »..m.v




;1‘11.-A1Uuns. ' e
SOOI i

N

9

IR
2 8

2o at, o

SR RN
3. o A o

oy f:- '

e
a%

LV R

29/(30 blank)

[~
<)
=
-9
(=]
|8
-
1
%)
o <]
<3
o
-]
3
=
(o]
[
5
%)
[y
Q
-
-5}
z
-
<
(&}

APPENDIX C.

-
\.
-
N
‘-
,
Ve Py N W R -~ vy s gy .t . s e e e, e, RE R . . L ATUA L I [ 1 et ete e A TR S LRI IR . o
-....... ‘" Y) .--v.) LA A “ .-.-‘...-...n: 4...\........\\. . VRIS -.n.s. .-... N ...\..-..-..... | SRR o J -.J.J....I.l ) totate .-\..-




‘w- ,‘s * [} J . .. - R
L, T - LA 5" . e
.v.. .l B et e Sy -—. .\\.\.C ....r\..\#. v A
T - B LR A A 2 P
¥, .
] 4
. ’ .\
: 4
: ol
2 =
'] ,A. -‘
¥, :
;
r, "
pi ‘-
y
m ,...x
‘“ ....
J
HQ ..-
2 ]
/ 3
A 1
. . R
ot "
-. SR S ...L
2
T. .A.
1T~ “.L
8 o4
y 1
m-s o8 SERH .
‘._ i 5
p S m . .
3 : um
4 1 S ¢ b
1 :
2 ]
P R
[
1 .4
v 1
3 3
F 3
W . cn.
w . R _ | ; _ m :
: S Y Cpeed . B : P . . -y ....
. | ; o m b . . : . !
. RS YOS SO S S s Lo i S SR BUNSUN SOOI I . ! "
... (B2 .- N . . » )
., Ny R NI Ea TR . woae e E . .....

SO L | XA AR,

BC] TR OCKXRIAN RN




e

oy

M n aen ane cam e cge e - ae g

A Sl A

sl

.
i

' SPUSURN S

D,

RTINS

v

B R S E

Dm.im

£

‘(.

YNMLEY

’ .
[ T IR
.

LN

Nal.

B
24t a

W SV N Y

. .“.
A
at <

Lt d
’
o
.4
o ’
s
e
'
.o
..
.4
e,
.

-
‘B

I

e
-
gt
3

L
PRS0

" .

.
S Y

.

R A A




e e deg Bin the Bin s A o I A Bl g v

-

LU

>

S

BT AL R YLV

AT TR T A TR TR Y e

o, .- .l. -n‘ \s .n- I

._..\.r. AN
QA SV A LNAUEA

+

.1,.-\

.......:-\.“
AL

PO R O s

H

0

e

Y 5

‘.
.

. LN

- —

. i
i
i
’

——.——— PR S

i ol

]
4
+

|- VNNIZNY B

T

T IMTON RS ERAT)

33

o 4
» e
o e
e
4
e
S

R S S T 3
et L W . - » -
PSRN TR GO, PR % Y

P,

.

.
o,

PR WP




e

.

s

o~




R

=
o
[

o
iadd ohidh

"

NS RN S BN

SERY DR IEER IR O e 0 AR CHY F 1 B S W T S Gl e - N R ) O L
) R 5 . siiniiil, s [SUEL NI ) . . T IS B N : e ..,“ “, . B YRS A : b S8 SRS O N BT A ..ﬁ..‘
e g-ze-ote | SR SEE E VSN RINE R FELES PETH TR RS ENEIS N PO SRS NI | VEM 7 £ FEalh 1 B FHEES [EEH EO OO R Y

B 4.-.._1...-

e
TV W Ry

.o

s
G F

ey

TR - J ¢ . . ﬁ
_ . | IR | | A e I
: N Ty N e oo ;e . . . - R - of
1 : t - . 1. ! H : o - I .
e FURNLIN IR SNSRI SIS SR SUSES NS MU NI S S : %! : o L A

c et m .
ERRCIE T
e ko P

. L
N, . Y

- DR IR LR Y
T N IOZA D) IMNIBI ) P Ciee NIUIZas ) T D .

e BT e e ' AR ARA RS ad el Ad e ol

)

w.
.

QL) (DA A




i : L
i l-l-u---u..,. " ... Vet et
S il..\-k.-\.........-..\- L B S o !
TRy T Ty T yYyTTTTTYYTYT O T m M
: o | : ;
B _ |
SN L IR L. .
: . L ' _ N .
: ] . : . '
. ¢ % ... ; P Awm ..... eee e
g : : :
; ! ; . !
[UESN SN SEPURIDE S, O S O AU S .w. S S M. .
: : _ | . ! R _
B A : , M
. “ OO TNt O U A
: m

36

L
R

, .
"4

? i H H - o ! T o 3 ——r— T |

’ PR . . H . H . T . N

.

'

A BRI S B B T I S S R R T N PR

.

t

]

» o

. AU O 2 . N .

TUNCIZL VA AININN . LT RSP AP BN

A A ALY, . e, .’



L

.

"‘. COLTIEERC, &,

-
pRa
—d

m“u

o v

tevs

T

CAN T
MR8 94 33

SR Y
kg M
3§ s

185

ot
b

199
Rt

tyrbeefoored.

i

4

Lrit

b beeBeorodorrefearagivinfioen

+

[RUPURDOUENS S

i

VLY SR

e .
R L R

[oRRINNY X I YR R TNE P T

37




MLaPe i

v

g
1
!
.

| a0

NS SN

|

Ml Ak A drii 2

Rl Tl s Sl Y

TR

L

WONA

n

1

oA g9

¥

E
e
e

-

H-0€-0TWd

AR AR

-rc...v.?“vl.r ey
: ;
. !
i
; ;
: .. !
i f
R TSI ST P T
. | :
B . - L
! : :
T [ ‘ !

.o

.,.:{»..-»«...A....

N
.

&
(2}
=

LY

38

-
-
2

.

‘A_.YA"A!_A'A PV I

- :‘
W

ST

al

o

.
.

PR PRI I

D 1‘

LB

ala



RN

!

. ...;w-:»

.

i

1

esdpan b
P o

Seresres:

4

rotore

144+

i
¥y

++
b2

v+
1
+
N

IRSES IS

iy

o

1 EELR

R ERLTETSS

aANE)  LASNENOIIRY  EATRAAILS  TAIAIATREMMNY (N

ATTENRINSE P

117 1NN

39/ (40 blank)

.':X':A \'l

ST N

[P }

PO

.y

LI I

Pt I 3N

by

Taia

o, -
tata




! ,....\ PR
VARl Al S AT S RN
RARAINE VP

P T B

SR S A-a B 2o

a3

800

LN

hoa Lt
~ -
a

Rl G el G L Gg N Sal

~

alal

41/(42 blank)

.

Salas

SWEPT PATTERNS FROM FRONT OF HELICOPTER

- Wt
Atatalie

APPENDIX D,




LI PESIAA T AL AEP] T .-
ke L AL LTS o PRV LAY O AT Y S ...c.,w.....\..\....._. n
"

+

: 3 3 . o
_ i : . : __ , _ ” X
3 ongg-zr- | uymmoori C . 2H4 NI AONANBANA . _. .
. o . , | ‘ S
g : | 88 —_8. : o 09 . 0% o of %
o) ! : ' ' . ! . . T
2 x "_ : %
. _ . ' i e e
p’ ‘ . _ . 131dootaH Jo juoay =
: i , = . ! : ot
w . | " o |
- r U S b - - - ..~.
; W " |
s . | .
; t - i ! %
. _ M “ | | 5
w. . ._ . . _ . ¢ .~...
3 . . _ o
2 _ R ARt r— - o
: , " . o 4
A . . ' .o -]
. P . N . } ‘.
. T Do
3 \ . b
ﬁﬁ . S
. . oy
[ . o -
y . i .\..A
£ S Y
2 - 1 :
. _. m Ry
. . A
h.” - ».l. e e —p o s »b\.. ——— = A_y ..,.J
. g2H6-09 : _ '
; m ) . \ 4
5 I SR R
b, /\_ 3 ' )
b’ <4
] .
b | . .. ....
5 . - - "4
- B
3 | H %




. .
;
- ————— ‘\I’\A llllll
L
.
- .
- o

1. ut/gp ot

. —f e .
. i
! !
: {
i .
. _—
b S
i - .
j
[
. BT NPT, *
. i
[T

'

ey

|
|

i XONANDAH]

|
I2qdoog1aH JO juoxy

|

NG
RN RARS A

. 2 r, .
RV L R R B

of
)
t
— '
1
' . .
' '

44

e Lo S ]

SRR JERERAAARA) RN




PLP LI
e
e te te 0 a8

.....‘\ I.f-.. -..-.- f “ w-- “\i\lﬁgv
2 -.-‘ .Il»w» .-f-f-...\.-\a-\-u\- [W-nf‘iw'i-l v

b B,

. LI P . R ) Y T o e . . - R
. LR oo L DY IR | I PR B I L R -

.....,.......,.. ﬂ. A —.nnﬁn..--.-‘--.lls, . ...........-. AN ..\..~.-.-. .
B R " S L . PP -..\;-»-rﬁi. IR A - »-u..-uw -\w\\-'hi LA

R . ) S ) ) ) A

m _ . - i : ey

\ : v _ ! \ ’ ; . .\.h
' <o i “ i -

, -4g-5~21{ - urjap or! : ZHW NT RONANRANA N

ol

O\. . 8 m Qu Q:

FEER P T T

R P
Aot

——
.« -
-..
L

0

s
-

WK

PR |

| ......k

: Y

1 N IGL

| N

. “ . ...u
q - ' &
. } ..'-h
. _ '

- )

; ©y s
- - .‘.m Tt 4
———— R

45

I

-

Loadan

s B
.

N

aAlacat

Y
-

SRta‘a>ar




T T

m ] - |
. . . _ : _ ; _ _
W._ B -:mnn.&: uy/qp 01 3HW. N1 XONANBTHA m
w. . |8 08 - o 0 o5 o of
ST o EE i 1 I R IR FEC T I EEITPRE
g ” A | H :
. . m : . “ H M amamooa~+= 0 quoIy ”
(e 0 i ' 0 : .
. S : ” : ; !
A U SN AT SN S o L . “
_ o SR D _ L] ] _ q . : !
- SR o Co , P w . | “ “ N “
- - - .- ...M borp b »_. - - “ N ” B -t . . i “ - . - m . M
3 . WESEE S EEEEE DR R h _ . “ N R T
A - . C . , H . ; R . . H. _ . . *. OL,;'_
. . T T - , ” i d
v - . - vy - .- i ' PN ‘ * . .
SRRl RRaey ey _ SR m A SR
TR T
“ ‘,”.l.. - H J
T
3 h
. SRR
: SR
. o
! -
: | |

46

o
et
e al

.

alac s la=

at

s

aadee S a -

o A




Wt

AN
B
4

[
" A

Ll

~“_...\ v

CERE WP

LA G Ant &
i
i
|
P
|
'
. "::.'.

hal A

'

!
- e et e i o e A —— 1
. P . .
. . i .

e . »

'

——————p e ——
'

LLSad &

CuR/EB L. - - .. ZHW NT RONANDINA

A_um ol o o on ot

2

2 ! .
L ! ! ) .

{ . 193dootrel yo quoxd :

J _ : _ M _ :

! U SN _ m : . ;

{ R ] Sl ESHRIIITES IS Do o S :

9 . . . Lt . ' ' : s M . .

p S N SN “ . m ! :

"- - = R e B e . — ‘ H " - v|v|“ - ~ - . .
R SRR o . | : ) i i ) _

. I I S u i _.

PR e S ™ g

1-0€-01R4

"y

-

Y

T

-

b

e A ————— e et et b ek e b e —— . . .
.

P

v

i

R W AW LV DRAW LN TS
.




oot ot (A PN RN " AN S
R, ‘\-.-..\\-5\ ! LAt et
MR FLT..L;....&.&.. ...-q\.v LA r.PI-\.u HhN NN

. 3 [ ] L ] . . ‘1

R I e . . o . -

\ [ \

! ! -

A ” urfgeiOTi - .. ZHW NI XOMANBAHA m
REEERRE - R _8: w ol 09! o oh ” ot}
i
i
'

o x239doof1dH Jo quoxd

48

a

L1

Zaden o s o

A R N ,‘-' e
A A R, PR

oL




oV W v

LAY 2 s o

Dl N

Lot

LA A A g

O pl tal bal )

R Lt b T g

e

O N

Y

R LR e ST

i

R

A A N

<

FAE

-

SO T

R RV a5 4

I,

4
]
<
[}

ENIIIN

»

P RPN oy

———

P

o

49/(50 blank)

D .
.. .
e e

.
'y

DRI . .
CACREE A IS MU

AAlatas 2P

WAVRWY

ot

Y

y e

5%
BN A
_A"_l:‘l]:\ij:

Cagat

dhandh

O I I

.
'l

»

-
)

)

Ay

e

e

.‘I
"

JY



Ty AL Laia hed b L gl g s ot g g it A e N W Y TV U W Ty v yvo Lot T

N APPENDIX E. SWEPT PATTERNS FROM SIDE OF HELICOPTER

2 0"
ot

P

PR

LRERE

t
1

.
.t
(]

-8, 8, &

~
LS
"
"
"

H Y Y45
LA SRS

-
WX 427 %0 %y 2

DA
A G N

)

P
a'a a

51/(52 blank)

s

‘Chr A A
o

L et e e e vt T TR e S .'.'.' ~\; .'.-.'..'_ R G ‘..'_-"..- el e e e ." e ~"-'- e e

St O
- . - . . D . MR - - » . ' o "~
s A R A SR TP PR L. VLAY A..- ;-mn";.'h L..._'L. Aaaata \-unll-hn-hﬂhh.j‘\ - u\ A'l.'a‘\-r.

8% 0 e
r
[«
.




MR T AT A A S e i Nl Yl M S R A B e Bk Ad 2 o h B
L

. i
. i . :
: I ” “
. . B ; |
. . . o ! i
. . .. t o
N IR A . ; |
...... T S i
.............. | [}
. s, ——— {
b e e Ca P !
‘. “ e ” . 1..,'.- . . .— . ) m ......
T sy
o . SnoaueI}Xa |
..... BRSNS M . PR . .

ZHW NT AOND &XIHA

0

.H_.;.; p....”

* e e - P - - rL
e Vi& !"P\F\P’hk’.\FN \butr'ﬁ* S

on

«

PR

.

e e e e

B
... [x
L
K
W
4/
‘t
U,

et et

R
.

i

- -
LR TR
PSP, §

™ .
LW PR

- e

AP S SIS




CRYDIRINREY i

f P l.l»\}\f\p.\......(..... , DR S, Sy i . X ) RENERE " .. T A AT » N S A
W . K
: . ¢ . : o d
b "1
ﬁ_
e [ v . L] - - N
".. o o . A ..4
;
! | r

ut/ap ot ZHW NI XKONANSAH.I :
. .A
g8 . 09 _ 0 0a 05 ot ot 4

' . \ N

4 e ————

'
'

121d0dTTaH JO ap1s U9TH _ A

r_. ———————

'
1
[

!

|

RPN !
. \

‘ b

|
i « , . M S . 9G6T-0V
| . : |
! ]
!
[

O |  AALLLLY:  Prrdvy. JARRANASR At



P y ! DM 1 v
B T 1 N S A o A A R L 0 | TS AT TR
- - -

I . . eV e O 7
. ‘e A L \.C.. VIR P S DA ‘e A ..»- [y |
. g RREEA] ) ..\-~ . ¢ 2 ? e K
ettt Yetat et . PR A LA ¢ LA .
....... R S e T ! O LIRS U SR .
‘e
.
o
]
4 . - . . .
v
B
. A
. AN
‘e
) S
k]
. .
s,

ZHW NI XONANBENd

A‘\

‘- .
P R’ WY

(00 ot

.
S | . _ ' _

- &

IO o H ! . . ‘ “
_ ST _ . 223d00TTaH 30 8p1S UITH _ . i
w ; ; ) ; . " . ; “ )
e T i : . . i e
e e Ay EE R -1 ” e T
” | L : | S A
o m X 3 ” _ ~ . ! _ “ ! .
. S R P | “ I _
O (S | . oo “ .
..... T 4 T
oo "
.. vy
B

LA Ny ararardy. W

DECA SRR L VR A

Ve ..h
-3
%

"t
g g e
LI TN PN Wy

i
-~
Ve tTe Y.

Cae .
CINE N s W A,

. ':'\:' .

T e ® et
o

R

B PN

IR AR AR IRV N [T

IR A R el SAEATRUEEAEN



= R0 . Va0 . g g )
el falata’ Y Pl e e < a1t [ v
i.-‘#u A ' -\-n.s..-.-.-.u\- U X v._ o 0 A .u.--- : ;,..,
RO . .
a"a’a AN Vel S P ..\ ,
’]

T A AN S e R Al Tt e Y AN e, e




o] : ol . 09 o5 o o

. | |
h . : .
s - . : n H _
3 ! “ 183d0dTT9H JO apTS yIty
7“ i i A m
d e e ! . ; f
] : . w | , 4 m I o
_.. : . [ T . | | ! : i
4 - : co : ; i ! . P
r. w. . .0. T uhf- . % . -y * ' R N#Dlg .- ..
3 S : | _ ; . : m
...... ' . v P ' e .
£ - St « . i ” Y SO . n
(e (N S B e R st L -
p S T
. e L
, . PP . NPT ™~
. [ U - v S
BB ) i
- T
. 5

' SNOAUBIIXI ' -

B i

1

i .

i H .-..
R I S R
N T S I, e
Azh6-no 1_{ ; ! "y
. '. 4
e e - e .. ..,.\...
1 1 ...-.

<

SIS S SN S R S SR K




s o

e e s -

- - - -..T.-_.».~-—-A-« -

C6T-0V |

o S
e
o A”_... 1

ZHW NI AONINBEMS

!
|
[
. Co

.......
[y

DE

...... . w
ey N e

58

-

. PR AN
e Satatmladmnl alk

e

- P te
LY Vo e

4
.




ﬂ ..-'-- P A_A' ui.n.-«-.-.- » a3 m\.l.-......x.% Ly ) N ... . ¥ P v - | . . [ . ...~--- [ PR \.l ., et o, .

W-.. A..r r I.L;P\n.\n- 4, .-.-_.--\Nu[r Attt .b-.-nn — N M et o . ;b, = .‘ R N : s ... ..- .-\.V _ ....\--\.-... \. ...“-‘-T “ N -

: e

_n . - . . . - - ...s_.

" R — o e e Ry

3 . _ ! X

r. . T . i . . ; ...4.._.;.

w. 1 R 17 W & ‘ ; ZHW NI XONANDIHS . . _ m >

. , . L ] . e

. . . - . . . . - . --.A

w a9 “ 09 p o, . . 0a 05 on a€ ey
i et . e e e o. . .. . « .. . ! . - _ ‘ ‘L

3 . I I _ { _ . _ P _

1 ” : f : ' : !

[ SO S _ : :

. : : i y I3dooT 18l Jo Ap1s yPTY i

S : . Coe e ' . RN ' 1 [

y " . N ! Co | “ , . ! _

n, U 0P G G ~ P *y: . . . U |

w . ' . SR . _ Lo : . . . . i . _

3 o e _ .

. N T S A A y “

& . l.v - ” : . .” _.1,~w| L. .. - _v.. . ," o “ _ ‘y

3 : : o . | _ w . : i

Y A L S ! _ ! ; :

' - LM 4 L T TIPS LU " “

X ! . b

59

Ll o

3 5 a
2 ' : ....
v- . ...\-
r o “
3
g o 3
3 S — X
b . ok
g 7000 KS K

’ vIot-TIAY

K .n. ¢ * ‘

L) o

oo,

CaAR st s aibi ot

1
'
'
'
-
'
f
.
-l

r\r_’_"'
., LY -
PRI R N

o A

bEos



e . wow.

b i e ssae o

.-

v

s

A

<
.

e ity St Yl S S M

J

P
. b .dD.lu.lN
. i PR
: " : .
BRI fwm.,
. t T
. !
: .}
' !
- .- . .‘ N
. Ll
] ” . m

1
I
_-.
|
_

t
.
i

E\mc ot

e

:
_

|
!
|
t

0/

. . . .-
4 '
' . .-
. - P
i PR S
. - =4 i
Veom emiap
' !
e e

1000 N<

TTOT-TIAY

191dod>TT3H Jo apts 4Ty

'
!
|

ZHW NT XONANDAHA

'
!
i
_
i
!
:
L)
|
1
!

m. T S
! . !
. . i
w ” !
" o R
.Bou..b><: —— Ll ll
o
T
1 .
| D SIS e N
S [
b . P
w” - . ”.;
« -—
|- :
o V.
b .

60




2 e |G BRI e e
w«. LR FN N R UPVOR RN B l\u\.\:.-...-vu.o!v PRI Ve ..s...kl-.ul..ul\r._... st .—...ﬂ‘
. .

o
. .. ‘c \-' ) .. -
2TAN L

i . . ' . .
L - . P : L,

TIIXE
;
1
¥
1
i
.
'
.
:
’
;
;
1
)
i
h
i
| ¢
.
:
[}
L ]
L]
.
L]
- . - -
e N L T

-
A

| ok i 02 S oh . 0€ ”_ ;

1-wfwmm¢m_::— WVMwmm“:n; w. e .:%_ : M o) N _ . w: .-

——
“u

61/(62 blank)

:
: L
oo, 22 R A e Qi Rl R g




o
'
« (]

OMC W PRRar AP AN

s v
. -\
D } e 2 0,

LT “.. e

R Ya

~
A4
[ =]
«
-
L0
3
O
A
~
™
R =]

-

A

SWEPT PATTERNS FROM REAR OF HELICOPTER

ey

D fadtn o Sy

AR BAda
APPENDIX F.

T

M Bl S S St s

. ..-.... .‘.‘ !.n..n -..- ..- ... .a- A.- A ", .--..-.-‘-.--4.--\.. Lo ..... "_ . a 5 ,-- S J..“-.. oo N -- o)

Ay

. -.nf ....... N Mty e e S I A PN
~.k. . =AY AL c- RPN Y e ....f ..:. oty




ad

“.

PALAAE A s a4
.
.

Adr - uNl abe of

wr.r-'

-

LIV IS e
..«...\_. ., ....-.u_ w. 3
e e .
et LSt S

) -v . ....-.h.-...n...\.- N
* R T
A ARSI S A

-
TV L g e

.
et Tttt

Yoo

e P
S E AN IR




..-._.. P o e ~ - =
VAR BN S
..
.
']
~- [ ] - - - [ . ﬁ
. T . .
. _ : 1 :
N . N v
. .

i m A e e e —

; SN _
: : - A . ; 1 x9qdootisH Jo Xwsy ‘ .
: _ ! |
N N SN S A IO - |
: .. | | M ” ) [ sEet-ov
. “ RS S U , | _ m | |
! . ¢ . T . : [ ¢ . ' . . . . \
Ce .._ i RN . . .dgm.ﬁm . w . : H - *
, LTl Tyt . . sndauexgxe i , i A
g ; e T N o “ * .. ; i
. e e . . w e .m; TR _ | » : . ._
S U RS B m . | :  |reusyd g
RS RESRREEEY RESRRSNEY BN o WS B : &Tl.mm.;mxw RS
: R . . . : . . ige | P - RV
: . - i . . i I O
. - ; _ W } !

s P - e R ' A L . . . i
i
: [, . (. S ol TN - . O A .

- - — o e ——— — ——————— -
_ : LY !
) L ; N A . “
] ‘ 1 . . O i
. | | B ETRES SN S .
. . . . .
{ H . .. _ . H .
! ‘ ' 1 : ¢ :
: : ‘ : , : : :
- ] - R - ¢ N . T . |
! - ' f | . !

N ~ e v ¢ v ¥ LI LR FY v e . . N R T R et e e . R e Y
.n-.r. _“Aslv.)\-.dn.... . A PN IR WRORIFIV LY AR A A t, LT, e L ittt PR NDNENE + T . o

. . L oapasy - - . .. . .
« o PR T A N . e, - AR A Lt TR

v 3y 1

.... \-

o G



m T |
H \wg-d-ar | ur/ap ot ;
lgg - . o8 . N 2
. w .. "

; I / .. L . a9qdoatTeH Jo aesy

ZHW NI, XONINdaIyd

. . : ™~ u !
3 B ol P :
. e e me e .l.+v..:y [;.l»lrlnnllﬁ.,lu ce—tm e .. *.l\ —— v = ——fr e - -1
i e e ~ .o i 0 i
Tl T o _
! T
. f
3 P I
-
. u
? S
’ . _ ,
- : m
................. R
_. Tl
‘ !
.-
,
t
: , ;

oh . or

.
'

- Tt
«®a -
[ N e

LoaT.

ot
Y

w
R

atetat Lt
")

.,
-

0
ol

a3

LY

o e

SRR LR
PN AL PO PR AT ST

[



TE T TN

CAC Al

v

v . w v, vl

A ol it aibd

LA

T

o

—. .

[
:
‘. 4oL
' t

| a8

|

.
i .

A gRa g

T

-t g

P

A R

e e b -

TT0T-TTAY,
t
1

e B TR B N ]
DA

OF




Rt ol - S la B 3 Shiac ARe Rl -Sha b ‘Sl - ol u

harg

P AN

"

o~

d e ad

Al e ad w

A

A

.

Ty
-

[ U ——

L HE-l-2T

08
t

i\nu ot

09

nw.tmoo:m_: Jo aeay

b
1

—tmt m e e -

AL DSV Iy

ke e e e —— e e — v =

l

9-z2- ai
i ]
]

|
t
!
|
i

- e m e e

o - e




IR XA

-.-qnf.....rf.-,

[ h O

, _ :
_” , ..Elmwmd _ c.«\_mv ot ZHW NI XONINBEY
. . . .
M

i
i . .
i
1

0| - - o 09 0% or ot

IR o

i

.

- ———

V
-

i
——

.

-
e

.

70

: w_doaaﬁﬂ.xm

. : |
. e pee

t

¢

ARSI, SR



e a0

..‘....- ) ui..-. .,\ ; \-_.-nn
RIS P A rnh.sﬁﬁx\

TrTTCODO
. __Hﬁxﬁ.o:
R s

— P _.

ZHW NI | KONANDAYA

233d00TT3H JO IXusy

L4
(]
4
X R
b
3
’
a4
-
s
)
[
[ * m
. | b :
PRIV S G KU I..,lc..?f.!olld e e — — -+
J 1 i e {
. ; s } |
' ot
_ I R b o u
.. 1 ae- | - e e [ PR T
; ! w ! f
. H .
: : ! |
. i ' i .
t 1
- R et A S . ainietebd - Mt A '
i} A ! i
» P | i '
-. } '
k', . —
M i l
0 . i .
. A . :
L] ] H '
¢ S S S
3 .
1
i
w-
-. * ’ L R

ws....:vir»'\- YW i-\nl-c$w\us\§ SN -\-\r-\-'

e R NS NN R

¢

R L

DA

il ”....... -.-f‘

TS 1%

71

e e e .-
R ISR PR R g

'{. AR

A
.Y

-
- -

e a’a a

Ineinrda,

h

e

| PR

S ."
Aats tt. 2 an

e
. -

RS I e
S B s LaSada

e e
Btk B B

Sade i, 2o

PR w Y

o (LI I
LN S

P

. -
Ly

- *

.-




ot
ol ]

g M

‘
!
|

| : !

ZHW NI' KONANBAYA

R N\e i B it e 4

w e » * o

3 ey

Aan-hen San St - e 2

!
b
S S

i

L]

—_———

‘m . .F

[

J94d05TToH Jo Teay

WP I

WL,

- o

.
.

A & dathie B0 Al

—————

. .T‘_"""" —— - -
. [N E .
S .

72

o O ST, e

T. .
R
‘e Le e am

UTR gD -G}
H-0€-0TWd |

.-
e My

e '_.._‘.-.
Lartm e 'm

v

N e R . . .
KD 'M-. .,.4.- e -..1-1.-- ] .... \.\1--!“ f\’

.
PP PSP ) JRC JRL IR PRL N




T

e b aa o rAn b i 2

i
1
'
!
'

: ngHa-21 m . uy/au ot .

u 89 . om ” o

e eihmem !-LI:_..- v .- -- -— - . _ .
o . _

I | n ; o m
" ST u ”
i S

THW NI XOomandayd

Hmwmooaﬂmr Jo aeay

'

——— e

(¥l

' [ BT P
VY ety

of

PP P S b annd

73 /(74 blank)




UG DAN St et S S WA S A AE I A AT "‘-_! - 4_! R —— PRt jar s s g e Sah et LIRS, St A Tt TR AR A o

BT

'.l
P

prd

A
.

G

Y
o 2

]
AL

APPENDIX G. DELSD-E REPORT NO. 76, 22 MARCH 1985, VIBRATION STUDY OF
DAYTON-GRANGER FM 10-360 QUAD POD ANTENNA BY
MICHAEL A. RALPH AND DOUGLAS E. McCOY

...',,,.,
v

[y
"I

75/(76 blank) e

B L T AL TAIETRI
Vet Y et e . -

4

‘et K RO el e ST e e “ DN R - ! j
PR - Sl A et B A B . e e L T LR IR T . .

| ARSI, "R LA L e e u.’L.‘ML'Q.JLU"-'.L_‘L'A-‘-"'A\A.“{u.';'_-.’_-.:;. et

........




U. S. ARMY ELECTRONICS
RESEARCH & DEVELOPMENT COMMAND

Fort Monmouth, New Jersey

ENGINEERING DIVISION
TECHNICAL SUPPORT ACTIVITY

VIBRATION SURVEY OF THE DAYTON-GRANGER
FM 10-360 QUAD POD ANTENNA

Prepared By

MICHAEL A. RALPH
DOUGLAS E. McCOY

DELSD-E REPORT NO. 76 22 MARCH 1985

THE VIEWS, OPINIONS. AND/OR FINDINGS CONTAINED IN THIS REPORT ARE THOSE OF THE ENGINEERING DIVISION. TECHNICAL SUPPORT ACTIVITY. ERADCOM. AND
SHOULD NOY BE CONSTRUED AS AN OFFICIAL DEPARTMENT OF THE ARMY POSITION POLICY OR DECISION UNLESS DESIGNATED BY OTHER DOCUMENTATION

B R i T Tt Stk e s T T T —— RAGA AL Al ad ek ol - - WA A dA he ba SUa e g
oot AR RS . .t AR LAY i Al Sl At A AN A i i el Sl Y P S oA by 2 § - Y ‘I"'y‘JW
e e N T U R NIRRT T e S RTST - 4

R
.

P d

Ak

v,

ﬂ.‘fA

c"A'

" El.w'a A "'1{{,;31 s

STy

/,

PR IIE AR T I T N S T o . - p
.I\-.l\.-.'-_»_-_lo_.- R N T T D R SP L - - e e e C
R | . L I T N L VUL S S S Yo e W™
Cafat ol s o o sy o at > o Lyt o Tt T T T e e et T T T LT T T T T T IS N S
St WE A S S R T R R A R L A G R T A PATETE S SIS PSR VR PR VR, A VWA g




NOTICES

The citation of trade names and names of manufacturers in
this report is not to be construed as official Government

<o indorsement or approval of commercial products or e
g services referenced herein. -
. = _.:;:.

9
R AP
T N N A A

Disposition

ey
a_a e

~"s 2

LAY

A
't % %

Destroy this report when it is no longer needed. Do not
return it to the originator.

e . . v,
AL
L4 ! ’ »

¢

Ny

-
o

78

l.'I

] ..IL.

v e e e e a om S - .
S e e T e L T T
O SOPL IV WP B oW Tl B Sl TP Pt U U SN W D Sy




.......

DELSD-E REPORT NO. 76 22 March 1985

VIBRATION SURVEY OF THE DAYTON-GRANGER FM10-360 QJAD POD ANTENNA

Prepared by:
Michael A, Ralph
Douglas E. McCoy

Mechanical Engineering Branch
Engineering Division
Technical Support Activity

CONCURRED BY:
CHARLES’S. GOL
Chief, Mechanical

» JR.
ngineering Branch

APPROVED BY:_
EDWARD R. NOLA
Chief, £ngineering Division, TSA

This document may be distributed only 5
with the approval of Chief, Mechanical -4
Engineering Branch, Engineering Division
Technical Support Activity, USAERADCOM. NG

‘

¥ IS N

. U ARER e
. e A
. P 0,

A TR S

U.S. ARMY ELECTRONICS RESEARCH AND DEVELOPMENT COMMAND

FORT MONMOUTH, NJ 077035301 i
‘:.‘_:;:',1

il

79 .

....... * - . - .
v -t L . . B
O e e T T I PR S ’ AR .

R S -V RV W I R WA UL O " N c 'l v e e e e '_.".- IR A O |
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(1)
MECHANICAL ENGINEERING BRANCH
ENGINEERING DIVISION
ERADCOM TECHNICAL SUPPORT ACTIVITY
FORT MONMOUTH, NJ 07703-5301
DELSD-EM 22 March 1985

DELSD-E REPORT NO. 76

SUBJECT: Vibration Survey of the Dayton-Granger Fi 10-360 Quad Pod Antenna

1. BACKGROUND:

a. The Dayton-Granger FM10-360 Quad Pod Antenna was one of several antennas
being investigated for use with the SINCGARS radio set. Previous flight testing of the
antenna on a CH-47 Helicopter revealed serious vibration problems due to the coupling
of the antenna's resonant fre uency with the helicopter forcing frequencies.

b. A stipulation in the Airworthiness Release for flight testing of the antenna on a
UH- | Helicopter was that an " flight vibration survey of the antenna be performed and
an analysis of the data provided to the Aviation Systems Command (AVSCOM) in
St.Louv', MQ, for study. Mr. Bernard Ricciardi of the Avionics Research and
Development Activity (AVRADA) requested the survey.

2. PURPOSE:

The purpose of the vibration survey was to determine the vibration characteristics
of the FM 10- 360 antenna on a UH- H helicopter.

3. TEST SITE AND DATE:

Tne inflight vibration survey was performed on a UH- IH Helicopter, Serial Number
21684, by TSA personnel at the ERADCOM Flight Test Activity (EFTA), Lakehurst, NJ,
on 9 August 1984,

4. TEST EQUIPMENT AND PROCEDURE:

a. The flight survey was performed using Endevco Model 2227 Single Axis
Accelerometers and an Endevco Model 2223C Triaxial Accelerometer. Output from the
accelerometers was passed through voltage amplifiers and then fed into a Bell & Howell
MARS 2000LT Modular Airborne Recording System. The recording system uses
intermediate band one inch magnetic tape and can record up to 14 channels of
information. The recording system and amplifiers were palletized and installed in the
cargo area (Figure 1). All instrumentation was calibrated prior to use.
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b. Single axis accelerometers were secured, using epoxy, at the top of each of the
four (#) vertical support members. These recorded output in the y direction, i.e., side to
side. Another single axis accelerometer was mounted on the horizontal element to
record output in the x direction, i.e., fore and aft. The triaxial accelerometer was
mounted on the base of the antenna near the aircraft skin to measure the input levels

(Figures 2 and 3). L,:i‘
c. The helicopter was flown in a broad flight profile to simulate actual mission use. Sl
The profile was as follows: ground runup, taxi and takeoff, level flight at 70-80 knots, P
level flight at 90-95 knots, level flight at 105-110 knots, 45 degrees banked left T
(counterclockwise) turn, 45 degrees banked right (clockwise) turn, out of ground effect oy
(OGE) hover, low level flight, in ground effect (IGE) hover, landing, and engine shutdown. L_A
5. DISCUSSION:
a. The most significant sources of vibration in a UH- |H Helicopter are due to the ;Eljlil:
main rotor and the tail rotor. The forcing frequencies are shown in Table 1. a2y
Table 1. UH- IH Vibration Forcing Frequencies 3
SOQURCE FORCING FREQUENCY (Hz) E'::‘::l
MAIN ROTOR Fundamental 5.4 5
1st Blade Passage 10.8 )
2nd Blade Passage 21.6 1
3rd Blade Passage 32.4 )
4th Blade Passage 43.2 4
5th Blade Passage 54.0 E—j
6th Blade Passage 64.8 X
7th Blade Passage - 75.6 ~
O,
TAIL ROTOR Fundamental 27.6 A
Ist Blade Passage 55.2 3]
2nd Blade Passage 110.4 D
3rd Blade Passage 165.6 )
4th Blade Passage 220.8 A
5th Blade Passage 276.0 ;—};-fi
As the forcing frequency increases, the energy level decreases. The forcing S
frequency is determined by multiplying the rotor RPM, which for the main rotor is 324, .j-;_fj-}
by the number of blades, two (2), and dividing by 60. da
ey
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DELSD-E REPORT NO. 76
SUBJECT: Vibration Survey of the Dayton-Granger FM 10- 360 Quad Pod Antenna

b. The FM10-360 antenna was installed in place of the existing FM10-30 antenna on
the helicopter roof (Figure 4). The flight survey was performed to measure the actual
vibration frequencies and levels experienced by the antenna. The output of the antenna
should not show amplification of the input forcing frequency levels throughout the entire
flight profile. Any consistent amplification greater than two (2) will indicate that one of
the resonant frequencies is very close to or the same as one of the forcing frequencies.
Consistently high amplification could cause the antenna to fail or could cause the
supporting aircraft structure to fail, as was the case on the CH- 47 Helicopter.

c. The results of the flight survey were plotted and the amplification factors
calculated. A modal analysis of the antenna was also performed. The modal analysis,
which uses the impulse hammer excitation method, was performed with the antenna
installed on the helicopter, and with the antenna mounted on a fixture in the laboratory.
The modal analysis was used to verify the actual antenna natural resonant frequencies.

6. RESULTS:

a. The results of the modal analysis are presented in Figures 5 thru 9. The
illustrations present the mode shape, and the corresponding frequency is shown in the
upper right hand corner. A comparison of the resonant frequencies of the antenna with
the helicopter forcing frequencies reveals two problems: one at the resonant frequency
of 2i.1 Hz (21.6 Hz forcing frequency), and the other at 32.5 Hz (32.4 Hz forcing
frequency).

b. The results of the flight survey are presented in Figures 10 thru 41. Figures 10
thru 20 present the output measured by accelerometer #12, and the helicopter input
measured in the y direction by accelerometer #3. Figures 21 thru 31 present the output
measured by accelerometer #8, and the helicopter input measured in the z direction by
accelerometer #5. Figures 32 thru 4] present the x direction helicopter input measured
by accelerometer #6. The data in the graphs is an average of all data taken during the
particular flight maneuver listed. Accelerometers 8 and 12 were identified in modal
analysis as being in locations that would reveal significant amplification. The other
accelerometers measured similar data.

c. The input data are the helicopter forcing frequencies at the associated g levels.
The output from the antenna is its response to these inputs. A comparison of the
maximum input level at each forcing frequency during each flight maneuver to the
maximum antenna output reveals extreme amplification at the identified resonant
frequencies of 21.1 Hz and 32.5 Hz throughout the entire flight profile. These
comparisons are presented in Figure 42.
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' SUBJECT: Vibration Survey of the Dayton-Granger FM 10-360 Quad Pod Antenna

o 7. CONCLUSION:

.'.

.{- The results show that amplification factors much greater than two exist throughout

i the flight profile for the FM 10-360 Antenna. This indicates that the antenna could fail
or could cause the aircraft structure to fail during prolonged flight use. The FM 10-360

- Antenna as tested is unsafe for any type of inflight service on the UH- 1H Helicopter.

‘A

o 8. RECOMMENDATION:

- The FM10-360 Antenna should not be flown on the UH-1H Helicopter, or any other
helicopter with forcing frequencies similar to the UH- 1H, until a redesign of the antenna

- and subsequent testing indicates safer vibration characteristics.
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