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INTRODUCTION

The very nature of H e l i c o p t e r  equipment  presupposes  t ha t  i t  is ,
during operation , sub jec ted  to complex v i b r a t i o n  induced fo rces .  Small
angular movements of the sighting instruments result in large sighting
errors at the target. Fire Control instruments have precise sighting
accuracy requirements and must function satisfactoril y in the helicopter
environment. The effect of helicopter vibration forces on fire control
instruments are of special concern to Frankford Arsenal. This has led
to efforts to obtain field data on fire control instrumentation and
systems during actua l helicopter flights as a basis for design , produc-
tion , quality assurance and general test purposes.

The process of acquiring field data through use of helicopter
flights is time consuming , costly, and there are the attendant dangers
associated with flight tests. This test program was designed to meet
the existing need to improve testing methods and reduce costs of heli-
copter fire control acceptance testing by providing a means of simu-
lating helicopter angular motion in the environmental laboratory.
Angular motion measurements made in the helicopter are to be translated
into environment simulation data for use with an existing untested (by
Frankford Arsenal) three axis Flight Motion Simulator (FMS). The FMS
will be operated throughout its capabilities , and its operational para-
meters will be obtained and checked to determine how well it simulates
the helicopter fire control environment .

This report concerns itself with the simulation of vibration en-
countered by fire control instrumentation used in helicopters . The
material contained in this report provides support for achieving the
following objectives:

1. Provide a thorough calibration of the FMS throughout its entire
range of capabilities.

2. Determine  through use of p re—recorded  tape da ta , if the FMS will
d u p l i c a t e  he l icopte r  mot ion .

3. Determine I f  existing specifications for f i r e  cont ro l  ins t rumen—
ta t i on  fo r  use in he l i cop te r s  can be met by using the FMS .

4. Specif y undes i rab le  c h a r a c t e r i s t i c s  which can be designed out  of
a new improved FMS .

6
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I)ESGR T V H ON OF FL I C I I I  MGi I O N  S 1M111 ATO R

The F l i g h t  M~~ i o n  S i m u l a t o r  u sed  I or  t h i s  e f f o r t  wa s designed and
cons t ruc  t ~‘d by  t h e  Sc  l ou t  i ic Svs  t e r n  I) iv i s i o n  of l ) v n a s c  I ences Corpora—
t i on , B l u e  be !  I • Pa . f o r  t h e  U .  S. A r i i v  , F r an k  fo rd  A r s e n a l  . Accep tance

cot s  wer e  p e r f o t f t d  a t  t he  l ) v i i a sc  i coco s  Co r p or at  ion fac  i l i t  ies at Blue
B e l l  in  1~~7O .

the VMb pio’v i d e s  t ! i ’  means  1 0 ut i l ’  cc t a v i o n i c s  e q u i pmen t  i n  t h e
l a b o r a tor y  or : isoc:~h l v  I r o l t o  a n g u l a r  loot i o n s  i n  t 1 i r~~c degrees  of free-
dom . T u e  s im u l . i t o r , V i  a i i r i ’ 1 i n c l u de s  .i h v d r au l  i c a l l v  op e r a t e d  r a t e

a h i  c w h i c h  c a i  he c o o t  ro 1 1 ed in e i t h e r  a m a n n a  1 or  t ape mod e .  In manua l
mode , Oi l  o p er a t o r  ca n  - z v n t  looi :~ coii ~p l e x  p e r i o d i c  s i g n a l s .  The c o n t r o l
c o n s o l e  c o n t a i ns  t h r e e  i t i n e t  i o n  po’ n o r i t o r o , i n d e p e n d e n t l y  capab le  of p ro—
v i i i  ug c i t h o r  s i n e , s q u ar e  or t r i a n g u l a r  si  gi ia  I s  o f  ad i u s tab l e  a m p l i t u d e s .
Each f u n c ti o n  g e ner at or  is a s s o c i a t e d  w it h  a mode cont ro l  in which a s ingle
ge n e r a t o r  can  d r i v e  a ny  one , t w o , or a l l  t h ree  axis  s imu ] t aneous lv . In
a d d i t io n , t h e  ou t  p i t t  s f r o m  two or t h re e  go uc ra  t o rs  may be summed to pro-
vide  a comp lex  w a v e f o r m  command f o r  a s ing l e  or comb i n a t i o n  of axes. In
the  tape  mode three  a xe s  a n g u l a r  r a t e s , w h i c h  have sensed at a s p e c i f i c
l o c a t i o n  on an a i r c r a f t  in f l ig h t  and r e c o r d e d  on m a g n e t i c  t ape , is

p l ay e d  back t h r o u g h  t he  VMS to  he r e p r o d u c e d  on the  s i m u l a t o r  t a b l e .

‘fhe m a j o r  c o mp o n e n t s  of  the  FM~ and t h e  Er a r r a n g e m e n t  are l i s t ed
below ar e  shown in F i g u r e s  P , I ari d .‘

~

A .  F l i g h t  M ot  ion  T a b le  w h i c h  i n c l u d e s :

VM S t ab  1 e and s u p por t in g  St rue  tu  re

P i t c h , R o l l  and Yaw A c t i v a t o r s ;

A c c u m u l a t o r ;

A c c u m u l a t o r  P re s su re  G ag e ;

10 Micron P ressu re  Line F i l t e r

B. Cont rol C o n s o l e  w h i c h  i n c l u d e s :

Func t ion Gene r a t  or 1 , 2 and  ~t

Mode C o n t r o l  P a n e l

D i sp lay C o n t r o l  P a n e l  w i t h  l i l a  I ‘l’ race Osc il  loscope

7
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C. Hydraulic Power Unit which includes:

Pump Motor;

Variable Displacemen t Pump ;

Reservoir;

Pressure , Temperature , and Level Gages ;

Return line cooler ;

Re turn line filter

D. Tape Console which includes :

Tape Transpor t;

FM Record/Playback amplifier;

Voice track amplifier ;

Patch Board for Pitch, Roll and Yaw tape signals

TEST PROGRAM AND INSTRUMENTATION

Before beginning the task of comparing the FMS ’s mot ion with that
of a piece of fire control instrumentation mounted in a helicopter , we
felt that, because the Simulator had been disassembled , moved from
Dynasciences Labora tory to Frankford Arsenal and reassembled after its
initial calibration , a recalibra tion was necessary to determine if any
changes had occurred in the responses of the Simulator.

When the FMS was new and first placed in operation the input scale
factors of the Function Generators incorporated in the simulator ’s
electronics were as follows :

Position Cmd S.F. = 1.0 Volt/Deg . ± 5%

Table Pos RIO S.F. 0.566 Vol ts/Deg . ± 5%

Table Rate RIO S.F. — 0.1 Volts/Deg . t 5%

12
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The recal ibrat ion showed tha t these functi on gene r u  or  I n p u t  scale
factors had changed . They are  i-tow :

Position Cmd S.F. = 0.795 Volts/ Deg . ± 57

Table Pos R/O S.F. = 0.!i50 Volts/Deg. ~~. 5%

Table Rate R/O S.F. 0.0795 Volts/Deg. ± 57

Table I shows the instrumentation used in this test program .

Table 1. L i s t  of In s t r u m e nt s  Vo ed

ITEM MANI FAC TuRTN (; CO . MODEL NO .

Piezores is t ive  Acce le romete r  (3) En devco  Corp . 2 2 6 2 C — 2 5
Calvanometer Amplifier Bell & Howell 1— 172A— 14
Datagraph  B el l  & H o w e l l  5—134
Band—Pass Filter Krohn—H ite 330MR
DC Power Supp ly Harrison 6200B
Multifilter General Radio 1925
Electronic Voltmeter Bruel & Kj a e r  2425
Oscilloscope Tektronix 45-ft
Power Supp ly Endevco 7403

To obtain these new scale f a c t o r s  the  f o l l o w i n g  c a l i b r a t i o n  pro-
cedure f rom the opera t ing  i n s t r u c t i o n s  of the  FMh was used .

Step 1 — The FMS ‘s power and h y d r a u l i c s  were t u r ned  on and the
P i t c h , Rol l  and Yaw commands were a d j u st e d  to 0V ± 0 .02 ”
w i t h  the  P i t c h , R o l l  and Yaw centering controls l o c a t e d
on the control console.

Step 2 — Measure and record the :

(a) Pitch Table P o s i t  j im R / O  i n  volt s , A 1
(b) Pitch Ac t ij a t o r  D i sp la c e m e n t  • i n  i nelies , B1

Step 3 — Change Pitch T a b l e  Command t o  5 .0 ” ~ I~ w i t h  t h e  P i t c h
Centering Control.

Step  4 — Measure  t h e  P i t c h  A c ’t i i a t e ’ r D i  sp l t c e m e n t  . Ii s h o u l d  r oad :

B
1 

+ 0.960 inches  ± .01

If n o t ,  a d j us t  p o ten t  i omoter  R~ on t l t t  pit - t i  - a t  ye P.1’,
card u n t i l  the Pitch Al -t ua t or di spla c - i-ii -iit I s  w i t h i n  t h e
desired range .

i i
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Step 5 — Measure the Pitch Table Position Read—out , in vol ts , A2
The Pitch Table  P o s i t i o n  Scale Factor  is computed from :

Table Position R/O S.F. 
~~ 

— A 1
5

A f t e r  the  P o s i t i o n  R/ O  S .F .  has been c a l c u l a t e d  the i n p u t  vo l t age
to the VM S is a d j u s t e d  u n t i l  t h i s  c a l c u l a t e d  value can be read at the
Pos i t ion  R . O .  t e r m i n a l  on the c on t r o l  console.  The Table Pos i t ion
Command v o lt a g e  and Table  R a t i -  R / O  v ol t a g e  can then  be measured at the i r
respective read out points on the control console.

Steps 2 through 5 are repc-ated for the  Rol l  and Yaw axes .

EVALUATION_ PROCEDURE - PHASE 1

Having established these new parameters , it was possible to proceed
to the first step of calibrating the FMS through its entire range of
capabilities. To determine l inearity of the machine , the FMS vibration
table was positioned so that the Actuator Displacement , in inches , was
zero . The input , in volts , to the table position command was varied
until the Actuator had been displaced to maximum in both the positive
and negative positions . Each time the Table Position Command voltage
was changed the Table Position R/O voltage and the Table Position
Actuator Displacement , in inches , was recorded . This data is shown on
Data Sheets 1 , 2 and 3. Using this d~iita the linearity plots shown in
Figures 5, 6 and 7 were made.

I
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Data Sheet 111 . F l i g h t  Mot ion S i m u l a t o r  Tes t  Dat u Sheet
for L i n e a r i t y  P l o t  — Yaw A x i s

CONTROL TABLE POSITIO N TABLE POS IT I ON TABLE POSIT ION
AXIS COMMAND (VOLTS) RIO (VOLTS) ACTUAT OR

DI SPLACEMENT (IN.)

Ya w A x i s  + .03 + .41 0

+ 1.0 + .16 + .2

+ 2.0 - .75 + .5

+ 3. 0  - 1.31 + .75

+ 4.0 - 1.87 + 1.0

+ 5.0 - 2.48 + 1 . 2 5

+ 6.0 - 2 . 9 3  + 1 . 5

+ 7.0 - 3.55 + 1.7

+ 8.0 - 4.15 + 2.0

+ 9.0 - 4.68 + 2.2

- 1.0 + .95 - .25

- 2.0 + 1. 5 1 - .5

— 3.0 + 2.11 - .7

-4.0 + 2.66 - .9

- 5 .0  + 3 .2L , — 1.2

- 6.0 + 3.81 - 1 .5

- 7.0 + 4.37 - 1.7

- 8.0 + 4.95 - 2.1

15
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Data Sheet #2. Flight Motion Simulator Test Data Sheet
For Linearity Plot — Roll Axis

CONTROL TABLE POSITION TABLE POSITION TA BLE POS ITION
A X I S  COMMAND (VOLTS ) RIO (voLTs) ACTUATOR

DISPLACEMENT ( I N . )

Roll Ax i s + .12 - . 18  0

+ 1 . 1 2  - .8 1 + .2

+ 2 . 1 2  - 1. 1+2 + .4

+ 3 . 1 2  - 1.99 + .6

+ 4 . 1 2  - 2.60 + .8

+ 5 . 1 2  - 3 . 2 2  + 1 . 0

+ 6.12 - 3.83 + 1 . 2 5

+ 7.12 - 4.42 + 1 .45

+ 8 . 1 2  - 5.04 + 1.7

- 1 . 12 + .54 - .3

- 2.12 + 1 . 1 2  — .5

- 3 . 1 2  + 1 . 7 2  - .7

- 4 . 1 2  + 2.3 4 - .9

- 5 . 1 2  + 2.9 4 — 1 . 1

- 6 . 1 2  + 3 .54 — 1 .35

— 7 .12  + 4 .12  — 1 . 55

- 8 . 1 2  + 4.74 - 1 .8 5

‘I - 9.00 + 5.23 - 2 . 1

16
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Data Sheet #3. Flight Motion Simulator Test Data Sheet
For Linearity Plot — Pitch Axis

CONTROL TABLE P O S I T I O N  TABLE P O S I T I O N TABLE P O S I T I O N
AXIS COMMAND (VOLTS) R/O (vOLTS) ACTUATOR

DI SPLACEMENT (IN.)

Pitch Ax is - 2.00 + 1 . 1 0  0

— 1 . 00 + .55 .2

O - .05 .4

+1 .0 - .60 .6

+ 2 . 0  - 1.1 9 .8

+ 3. 0  - 1.77 1.0

+ 4.0 - 2.37 1.2

+ 5.0 - 2.92 1 . 4

+ 6.0 - 3.52 1.6

+ 7.0 - 14.10 1.8

- 3 .0 + 1 . 6 9  - .2

- 4.0 - 2 . 3 0  - .4

- 5 . 0 + 2 .88  - .6

- 6 . 0 ÷ 3 . 4 4  - .8

- 7.0 + 4.04 - 1 . 0

- 8.0 + 4.62 - 1 . 2

- 8 .5  + 4.92 - 1 . 5

17
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To d e t er t n i n *-  the  f r e q u e n c y  response of the FMS , the simulator
was operated by app ly i n g  a constant Input voltage to the table command
while vary ing the operating frequency through the range of from one to
sixty Hertz. By using the instrumentation set—up as shown in Figure 8
for  manual  i n p u t  and F igure  9 fo r  tape input , the  o u t p u t  of the  FMS
vibration table was monitored by the use of three Endevco Model 2262—25
Piezoresistive Accelerometers , one mounted on each axis , Pitch , Roll
and Yaw . The output voltages of the accelerometers were converted to
g ’s and from the g values , linear displacement and linear velocity
were calculated using the equations :

1) g ’s (~~~l,~~) = ~~a) 
_LsLiii ~~

i’ )
0.25

Where Va = accelerometer output rms voltage

0.25 = accelerometer sensitivity in volts/g

2) L inear  Dis p lacement  (d)

d = 9.780 inches pk.
f2

3) LInear Veloc ity (v)

v = 61.4 
~J- in./sec . pk .

Since Fire Control instrumentation mounted in helicopters is sub—
jected to angular motions in three planes (Pitch , Roll and Yaw) , see
Figure 10, we felt that data in angular terms would be of more value
to the Fire Control engineer.

Angular motion differs from linear motion in tha t in linear motion
the motion is app lied uniformly along the body receiving the motion:

Linear Notion

21
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Figure 10. Angular Motions of a Helicopter
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whereas in angular motion the body receiving the m o t i o n  t &iois to
os ci llate around an ax is:

Angular Motion

From the linear values already calculated , the angul ar v aIti ~-s of dis-
placement , velocity and acceleration , were (- aI (-ulated usl11 ~’ the
equations:

1) Angular Displacement = 0

= Linear Displacement rad . X 360 = deg.
10 2’~

2) Angular Velocity B

o = Linear Velocity rad./sec . X 360 = deg./sec .
10 211

3) Angular Acceleration = B

0 = Linear Accelerat ion rad / sec. 2 X 360 d e g .f se c . 2

where: 

10 21!

10 is the length of the radius , in inches

Using this procedure , enough data was obtained to plot a series of
curves depicting the output characteristics of the ma -hin e while being
operated in:

a. The manual mode , Fig ures 11— 19

H b. The tape mode, Figures 20—28

c. The tape mode with a shaping network In t l i t ~ I - MS ’ s i n p u t  c i r c u i t
Figures 29—37.
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The characteristic curves shown in Figures 11—19 of the manua l
mode of operation and Figures 20—28 of the tape mode of operation
show that the FMS is not linear up to 50 Hertz , however , Figures 29-33
show that by use of the shaping networks shown in Figures 8 and 9 the
output of the FMS can be made practically linear.

AT P ROC EDU a

The second phase of the test program was designed to determine the
ability of the FMS to simulate the angular rates of motion of a heli-
copter . It was first necessary to determine the nature of representa—
tive inputs. The most realistic method of determining helicopter inputs
is to place a fire control instrument in a helicopter in its normal
operating position , instrument it with vibration transducers and record
the motions being transmitted to it by the helicopter onto tape. The
tape would then be used to operate the FMS in the tape mode and an
analysis of the tape together with existing helicopter specifications
would provide data sufficient to operate in the manual mode.

For this investigation , a tape of a flight test which had been per—
formed on an AM76 Fire Control Sight mounted in a “Bell” AH—l helicopt er
was used as representative of angular motions experienced in helicopters.
The sensor package used to record this tape of helicopter motions con-
sisted of three Humphr ey Model RG51—0801—1 Rate Gyros mounted on the
gunners seat in positions to sense vibrations in the pitch , roll and yaw
axes. The Rate Gyro output signals were recorded on 1—inch magnetic t~Ipe
using a Sangamo Model 3500 FM tape recorder operated at 7½ inches/sec .

The three channels of information recorded on the tape were played
simultaneously through the tape input of the Simulator , one chann el
each into the pitch, roll and yaw axis. Since the information recorded
on the tape used for this test is velocity, or rate , it was possible to
measure Simulator output directly from an output jack mounted on the con-
trol conso~ e for the purpose of monitoring rate. To simplif y the task of
comparing the input to the table command and the Simulator table output ,
the inpu t and ou tput were recorded on adjacent channels of a Bell and
Howell Datagraph Model 5—134 recorder . The recorder print outs of these
comparisons are shown in FIgures 38 through 42, and in Vibration Spectra ,
Figures 44 through 47.

EVALUATION PROCEDURE - Phase 3

The third phase of the program was to determine if the FMS could he
used to perform , adequately, vibration tests on helicopter fire control
instrumentation as is called out in existing specifications. During this
portion of the program , test criteria was established by using Mi li t a r y
Standards used in testing helicopter fire control instrumentation by eon—
verting linear requirements into angular data and from an analysis of t h e
pre—recorded tape of helicopt er motion. The analysis of the tape revealed
predominant frequ encies of II. 12 and 33 Hertz.
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Knowing that the FMS has frequency limitat ions , that is , the
frequency response falls off sharply beyond 40 Hertz, this testing was
confined to frequencies of 50 Hertz and below .

It was determined that with a voltage input of 0.522 volts we could
maintain a linear displacement of 0.2 inches double amplitude and with a
voltage input of 0.4 we could maintain a g output of 2 g’s on the Roll
axis of the FMS Table. For the Pitch axis an input voltage of 0.516 was
required to maintain a displacement of 0.2 inchas double amplitude and
an input voltage of 0.5 was required to maintain a g level of 2 g ’s. The
Yaw axis required a voltage of 0.557 volts to maintain a displacement of
0.2 inches double amplitude and an input voltage of 0.5 was necessary to
sustain 2 g’s at the table output . These voltages were applied to the
FMS’s electronic input and the output was measured . Using the conversion
formulas given previously in this report , the output readings were con-
verted to angular values and plotted . The results of this plotted data
is shown in Figures 48 through 56 and is explained in the results section
of this report.

In this particular application , this was done in order to give the
Engineering some insight as to the magnitude of angular motions and shou ld
not be mistaken for a method of direct conversion from linear test
criteria to angular parameters since all factors other than length of the
radius were not considered .

RESULTS OF PHASE 1

These tests established that the linearity of the static response of
the system in terms of Table Position readout and Table Actuator Displace-
ment versus Table Position command is better than ± 3 percent . This is
evident from the plots of the data recorded on Data Sheets 1 , 2 and 3 and
Figures 5, 6 and 7.

RESULTS OF PHASE 2

In these tests the capability to reproduce with the FMS three axis
comp lex rate signals sensed by an orthogonal set of Rate Gyros carried on
a helicop ter and recorded on magnetic tape is demonstrated . The record-
ing of helicopter motion used for this experiment was the one taken of the
pitch axis of the helicopter since the most severe vibration was experienced
in this axis.

The results of the tests presented as side—by—side Datagraph record-
ings of the Tape Rate and Table Rate R/O signals for the pitch , roll and
yaw axis respec tively (Figures 38—43), shows a very good match of detail
ra te motion. This run demonstrates :

a. The Table Rate readout is dynamically equivalent to the Rate Gyro
readou t.
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b . The effec t of cross—coup li ng fr om the roll and yaw axis into
pitch , and by imp lica tion , all cross—coupling combina tions are
negligible.

c. The vibration spectra recorded in Figures 44 thorugh 47 demon-
strates that the output amplitude response is not attenuated more
than 30 percent at 20 Hertz and remains near or much above the 50 per-
cent level at 33 Hertz.

RESULTS OF PHASE 3

The results of this phase of the program indicates that the FMS
performs well within its specified capabilities and will transmit the
3 axis angu lar mot ions sensed on helicop ters in f l i ght , limi ted only by
an upper frequency of 50 Hertz in the Pitch and Yaw axes and 20 Hertz
in the Roll axis. The limitations of 50 Hertz in the Pitch and Yaw
axes is normal for the FNS , however , the 20 Hertz limitation in the Roll
axis indicates a malfunction in that particular axis which should be
correctable by repair.

Using test requirements for equipment installed in helicopters as
called out in MIL—STD—810C and converting the linear requirements to
angular requirements by using the formulas shown in the body of this
report , the curves shown in Figures 48 through 56 were plotted . These
curves show the abi l i ty  of the machine to mainta in  the requirements  of
0.1 inch double ampli tude in displacement and a level of 2 G ’s through
50 Hertz in the Pitch and Yaw axes and to 20 Hertz (explanation above)
in the Roll axis.

CONSIDERATIONS FOR DESIGN OF A NEW
IMPROVED FLIGHT MOTION SIMULATOR

The first discrepancy noted in the FMS used for this study was the
presence of some higher frequency components in the output response that
do not appear in the input command signals. The effect noted is small
and wou ld ac tually crea te a harsher environment for the sys tems under
test than the actual environment . This is caused by mechani cal reso-
nances that appear in the simulation system structure . This effect
could be greatly mitigated by redesign to provide more stiffness in
the structure of the table. Some improvements could also be made by
adding additional filtering in the input commands, but this is not felt
to be as effective as eliminating the source of the effect.

The second discrepancy was that periods would occur when the output
response would drop to zero while the command was still requesting
motion. Inve stig ,-i tion revealed that this was caused by the table moving
to the end of its travel and being unable to respond beyond that point .
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This in turn was caused by small very—low—frequency inputs that re-
quired the table to move away from its normal position. The effi-et
was generally created by drifts within the system electronics . The
basic problem can be eliminated by designing the system electronics
so that DC and very—low—frequencies cannot be app l ied to the table .
These features could be included in redesign without difficulty.

DI SCUSSION OF TEST AND MONITORING TECHN I~~UES

The following are some test and monitoring techniques which have -

been established fo r  f i r e  cont ro l  ins t ruments  used in the A ll— ic
“Cobra” helicopter. These have been established by an analysis of pre—
recorded tapes of the helicopter ’s motions.

The tape used for this study contained Rate information which had
been recorded during a previous test performed on the AH—1G “Cobra”
hel icopte r .  An analysis of th is  tape reveals p redominan t  f r e q u e n c i e s
of 11, 22 and 33 Hertz and angular rates of approximatel y 7½ degs ./sec .
maximum as shown in Figures 38 through 43. These parameters are repre-
sentative of motions transmitted to Fire Control instrumentation mounted
in the AH— 1G “Cobra ” helicopter . In using the FMS to sub jec t  Fire
Control instrumentation to vibration tests these parameters may be
adopted as part of the test requirements for any particular piece of
Fire Control instrumentation to be used in the All—ic helicopter. The
values desired can be f ed into the FMS ’s electronic control console
through the manual mode of operation for the desired vibration output at
the FMS ’s table. In the Manual Mode of Operation complex periodic
signals are synthesized by means of the three Function Generators and
associated circuitry. The associated circuitry permits separate , inde-
pendent phase and amplitude control for each of the three control axes.

Another method of getting desired vibrations at the FMS ’s output
table is through use of the Tape Mode of operation. In this mode of
operation inputs to the FMS are derived from three tracks of magnetic
tape recordings , each representing an orthogonal component ~f a n g u l a r
rate sensed on an aircraft in flight. (For special purposes a pre—
recorded synthesized signa l could be used in the Tape Mode. It should
be remembered , however , that the tape signals will command proportiona l
table rates.)

Additional benefits of utilization of the available thre e— ax is
angular motion simulator is tha t it will permit In—house simuLitlon of
operational use of manufactured fire control for helicopt ers. As a
readily available environmental simulator to e n g i n e e r i ng  personnel , i t
will be extremely useful in check ing fire control i n s t r u m e n t  q u a l i t y  and
effectiveness of manufacturing modifications , obviating mans’ hours ~ f
live flight testing and the attendant dangers involved therein. In-
stallation of improved three—axis motion simulators ;it sele (-ted 0 v - r n —
mont and manufacturing fac i liti e s , will provide vital support for ;ls1~tI r—
ing manufacturing quality of fire control f or  h e l i c o p t e r s .
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CONCLUSIONS

The four obj ec tives of this program as specified in the intro—
duct ion have been successfully accomplished . A thorough calibration
of the FMS throughout its entire range of capabilities was performed .
It has been determined that through use of pre—recorded tape data the
FMS will closely simulate helicopter motion . It has been determined
that existing specifications for fire control instrumentation for use
in a helicopter can be met (up to a frequency of 50 Hertz) by using
the FMS . The mos t undesirable charac teristics which can be des igned
out of a new improved FMS have been specified.
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APPENDIX A

OPERATION CHARACTERISTICS OF THE FLIGHT MOTION SIMULATOR

A. Powe r R e q u i r e m e n t s

Con t ro l Console Powe r 1IO V , 60 Hz , 3 AMPS

Tape Console Powe r llO V , 60 Hz , 2 AMPS

Hydraulic Powe r Unit 208V , 3 phase , 60 Hz , 70.2 AMPS

B. Test Specimen Specification

Inertia (About each Axis) 20 lb-inch-sec 2, max

Size and Wei ght 20 in. diam , height 6 wei ght

limited by inertia

C. Table Motion Specification , each ax is , maximum load :

Angular Displacement + 10 deg . max

Angular Veloc i ty + 3 14 deg/sec . max

Angular Accelera tion + 20,000 deg/sec 2 , max

Amplitude Attenuation 30~ ~ 25 Hz

with Frequency

• Servo Va l ve Rating 26 in 3
Sec

Servo Va l ve Scale Factor 5.2 in3
Sec/ma

Position P/O Excitation 17 V peak , 5 KHz, Non .

Position P/U Scale Factor 4.2V peak/in. 5 KC , Nom .

Accumulator Precharge 1 500 Psi , M m

2000 r- -~ i , Max.

Accumulator Capacity 1 .0 Gallon , Non.
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APPENDIX A (Cont )

0. Control Servos (one per Axis)

Function Generator Input S.F.

(3 per Servo Card) .045 Volts/Deg . Nom .

Centering Signa l S.F. 1.0 Volt/Deg . Non .

Tape Signal S.F. 1.0 Volt/Deg . Nom .

Position Cmd S.F. 1.0 Vo l t/Deg . +5~

Position Cmd Range + 10 Deg .

Tabl e Pos R/O S.F . .566 Volts/Deg . +5?~

Tabl e Rate R/O S.F. 0.1 Volts/Deg . +5~

E. Function Generato r (3 per system)

Waveshape r Sinusoid , Square , Saw tooth

Frequency Range .05 Hz to 100 Hz

REF Si newave 5V Peak

Synchronizing Signa l - b y  peak , 5 sec . dur .

Amplit ude (3 independent con-

trols per F.G.) +10 Deg ’s

Phase Adjustment

(3 inde pendent controls , for

sin e waveshape only) O_3600

F. Tape Conditioner (1 Channel/Axis)

Tape I nput Scale Factor .05 V V-Sec. Nom .
Deg

Tape Output Scale Factor 1 V/Deg , Nom.

G. Tape Console

FM Playback Output lOV , Max.
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APPENDIX A (Cont)

I
Tape Speeds , (with spoo l change) (15 ips)

H. Hydrauli c Power Unit

Pressure 3000 PSI -
-

Reservoir Capacity 60 Gallons

Maximum Oper ating Temperature 150°F

Flow Rate 12 GPM

-1
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