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1.0

1.1

1.2

1.3

INTRODUCTION

Objective

The purpose of this program was to design, fabricate and
demonstrate a system capable of measuring the linesr end

sngular vibration environments in V/STOL aircraft. A
measured environment was then processed through an error

model of a strapdown inertial guidance sysfbem and the re-
sulting system errors tabulated. The following sections

- present the resulbs of this effort.

General Description

The vibration measurement system consists of four individual
packages (see Figures 1.2-1 through 1.2-3): a sensor block,
electronics unit, flight tape recorder, and a ground discrim-
inator. Figure 1.2-4 presents a block diagram for the Flight
system. The mechanical- details of the block and electronics
unit are shown in Figures 1.2-5 and 1.2-6. The schematic
diagram is shown in Figure 1.2-T.

The sensor block (approximately 6 x 6 x 11 inches) contains
12 inertial quality angular rate end linear acceleration
sensors, heaters and thermostats for thermal control, and
indicator Tights to show when warmup is achieved. Three
Systron Denner pendulous accelerometers, one Endeveo crystal

~accelerometer triad, three Honeywell rate gyros, and three

General Electric angulsar differentiating-integrating accel-
erometers comprise bhe sensors. The Systron Donners and
rate gyros are grouped as the low freguency sensors, while
the Endevcos and ADA's are grouped as high frequeney sensorss

The sensor bloeck is mounted in an enviromment. The sensor
outputs are fed to the electronics unit. There they ‘are
conditioned, and the six low frequency sensors are multi-
plexed. This mulbiplex output is fed to one channel of the
flight recorder. Thé six high frequency sensor outputs are
aultiplexed and fed to a second chamnel of the flight re-
corder. When playback is required, one channel of the tape
is played through the discriminator allowing the six sensor
outputs {high or low) to be chserved. The tape is then re-
wound and the -other channel played through the discriminator
to cbtain the second set of sensor outputs.

Summaxry

The Vibration Moﬁitor Program had three main objectives,
all of which were successfully attained. These were:

1+ Design and fabricate the sensc: vackage and associated
electronics.



|vOLUME i
Hamilton

P WISION OF WRITEQ AIRECEBARTY COAMMIAYES

2. Measure bhe vibration cherscterisiics of a helicopter.

3. Predict the performance qf a strapdown inexrtiel ﬁysteﬁ
operating in such an envirooment.

The vibration monitor, after design,-build, and checkout
was used to measure vibrations on several different flights.
The flight tapes were reduced at HISC with oscillograph
plobs delivered to ERCe Two flight condiblionsg were selected
for generation of power spectral density plots. - These vere
at flight idle and in forward fliight; the latber was then
used in the prediction of gtrapdown IMJ performance.

Table l.3-1 sumparizes the vandom vibration characteristics
experienced during the forward flight conditions, while

Table 1.3-2 presents the resulting dymamic exrors which

would result for a strapdoin inertial system operating in
this enviromment. These results were based on the HSSC IM/ASA
strapdown system mated with g 50 Hz computer. The perfor-
mance shown in Table 1.3-2 could easily be improved by com-
pensating in the computer for the major error sources.
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TABIE 1.3-1
Summary of Vibration Characteristics
Channel RMS Vibration Level Significant Frequencies - Haz
X Angular 1.0k deg/sec 11, 16, 28
Y Angular 0.95 deg/sec 12, 27
7. Angular 0.52 deg/sec 15
X Idnear 0.1k g 15, 28, 56, 94
Y Linear 013 g 13, 27, 100
7 Linear 0.26 g 13, 28, 50

10
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TABLE 1.3-2
Summary of Suvravdown IMU Dynamic Errors
Renge of Resulbing Errow
Channel Angulay Linesr

X 0.1L to -0.19 deg/hr -8.5 to -0.h pg

¥ 028 to ~0.02 deg/hr b2 oo -9 pg

A 0el5 to 0400 deg/hr L.l te 1.6K8
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SYSTEM TEST

Fach unit of the system (block, electronics, tape recorder )
was subjected to envirommental tests to qualifly for flight.
Also, calibrations before and after flight tesis were made
to determine the characteristies required for data analysis,
This volume dutlines the tests and summarizes the results.
Detailed test results are presented in Volume IX. The test

- equipment is shown in Figures 2.1-2.k.

Environmental Testing

The vibration enviromments spplied to each axes of each unit
were specified by MIL-STD-810B, in particular, Method 51k,
Paragraph 4.1, Proc. I, Part 1, Resonance Search and Method
514, Paragraph 4.2, Proc. II, Part 3, Random. No failures
or malfunctions occurred during these tests. Temperature-
Altitude tests were also run on the sensor block and elec-
tronics unit per MIL-STD-810B, .Method 500, Procedure Il.

System Calibration

The system was calibrated, bcth before and after flight fest,

vy gpplying a known input at a discrete frequency along or
bout each axis of the sensor block and observing the output
f the sensor of interest. The gain and phase characteris-
ics of each of the twelve sensors were thus obtained.
ables 2.2-1 and 2.2-2 summarize the scale factor debermine-
ions for the pre and post flight calibrations. The fre-
vency response curves can be.found in Volume IT,

12
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TABIJE 2 ] 2 "l
Pre-FlLight Scale Factor Summary
ist Znd Average

X TDonner 1.09 VRMS /g 1.10 VRS /g 1.10 VR¥S/g
Y Donner 1.06 VRS /g 0.98 VRIS /g 1.02 VRIB/g
7 Donner 1.21 VRIS /g 1,21 veMS /g
X Endevco 2,07 VRMS /g 2.08 VR¥S /g 2,08-VRMS /g
Y Endevco 2.72 VRMS /g 2,40 VRIS /g 2.56 VRMS /g
% TEndevco 2,39 VRMS /g 2,39 VRIS /g

X Gyro
Y Gyro
2 Gyro
X ADA

¥ ADA

0,19 VBRMS/?/sed
0.20 VRM3

0.19 VRIS /%/seq

0,89 VRMS/C /sec

0,80 VRMS/C/seq

17

0,19 VRMS/O/sed

0.17 VRMS

0.73 VRM5/9/sec

0,80 VRM3 /O/sec

0,19 VRMS/?/sec
0,18 VEMS

0.19 VEMS/9/sec
0,73 VIS /9/sec
0.84 VRMS/%/sec

0.80 VRM3/®/sec




TABLE 2.2-2

Post-Flight Calibration (10/13-14/69)

AQs G¥RO

X 0.25 ¥ rms/%/sec, 0-prit)
¥ Q.18 v rmsfcysec, 0~Pk

% 0.19 V rms/"/sec, 0-PK
AXIS ADA's

pe 0.75 V nas/o/see, o-pict 1)

¥ 0.89,V rms/%/sec, 0-Pk

7 085 V rms/“/sec, 0-PK
(1) Ioput = 5%/sec, 0-Pk @ 10 Ez
{2) ZInput m.leﬁefsec, 0-Pk @ 100 Hz
{3} Taoput = 0.5 g, O-Pk @ 10 Hz

0li6 7 xms/%/see, O—Pkcg)
0.55 ¥ rms/a/sec, 0-Px

0:53 V mms/%/sec, 0-Pk

DONNER
0.97 V rms/g,

CuTh V rms/g,

'L.05 V rms/g,

EWDEVCO

1.99 Vims/g,.

2.23 V rms/g,

0-pic(3)
0-Px

0-Pk

O-PK(B)

O-Pk

0-Pk
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3.0 FLIGHT TEST
3.1 Descriphion
The ﬁibration Measurement System was shipped te Langley
Field, Virginia in July of 1969. From August & through
August 8, 1969, a series of flights were made. The system
was mounted on the YHCL1 (CH L46) helicopter. The block was
in the ISU fixbure (Figure 1.2-1) so that its axes were Z
down, X forward, and ¥ lateral. Three flights were made;
the tape numbers, foobage, flight phase, and comments are
given in Table 3.1-1. )
3.2 Test Results

The data were played back through a strip chart recorder for
determining which sequences would be analyzed. The following
sections will describe the analysis in detail. Figure 3.2-1
gives an example of what the playback of the raw date looked

like. Tsble 3.2-1 summarizes the maximum environments seen
during the tests. ’

19
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Table 3.1~1
FLIGHT EVENTS

Flight No. 1 8/6/69

Tape Foobage

Tape No. 1 Start Event stop Notes
On Ground Power 0 30
Engine starting to @. I. 30 200
Ground idle to flight idle 200 270
Boost/SAS check
T.0. to Hover{SAS on) Lo
Lift off 460 590
Traps to FWD, 6OKN - 590 '
Approach to Hover ' 750
T:0. to hover.(SAS off) 750 (800) not sure if
turned off
Trans to FWD (800] 1010
Square Pattern 1010
{SAS on) L130
Square Pattern(SAS off) 1130 1230
Level FYight(SAS on) 12k0 1280~ 15 KN
1330~ 40
1360- 50
1390~ 60
1k00- 70O
1430~ 80
1500~ 90
1550-100
1580-110
1610-115
Deceleration to level flight 1710 790
Ascending (eclimb) 1790 1830 800 ft/min.
DPescending 1830
1900 45 KN 500 ft/min
1960 1000
2000 (enad)

Blight lo. 2 8/7/69

On Ground Pover 0 150
At T.0. RPY 150
Ground Taxi 240
Lift Off 320
Fvd flight 430
Variables Stab. Syst. 430
Checkout: Piteh 600
Roll 620
Yaw 650
Collective 690
Roll %rim 750
Plugboard Racetrack 820

20



Pattern

Computer Stab. System
Engage & Hover
FWDh Flight
Hover
oft
Centered Controls
FWD Fiight
Hover
ofrt
Pape No. 2
Pulses in Conitrol Actuators
Longitudinal
Lateral Pulses
Yaw Pulses
Longitudinal
Lateral
Yaw
Computer Engaged-Level.Flt,.
Left turn

oft
Engage/Desengage Transients

Left lateral slip
bBiseng

Right lateral
Dis

Engage

Pitching

Dis

Engage

Yawing

Dis

Yaw Kicks
Commence Descend

Touchdown
1

Touchdown & ground taxi
Stationary
off

Table '3:1—-1 (Cont,)

Start Event

1170

1750

1250

21

1260
1720

2270

30
60
170
200
230
290
450
690
1130

1290
13k0
1400
11480
1510
1530
1570
1590
1610
1650
1660
1690
1720
1740
1790
1830

Stop

1170

1740

2280

1250

1860

| VOLUME 1

Hotes

T5 knots
T5 knots
45 knots

n

15 KX
30
60
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Table 3.1-1 (Cont.)

Flight No. -3 B8/8/69

Tape No, 1 Start Event Stop Fotes
On Ground Pwr 0 150
Ground Taxi 150 230
Engage VS8 230
Yaw Check 300
Roll " 360
FWD_Flight- k1o Race Track PTH
ot T30
Recoxrd On T30
Comp 85 Engage T50
FUD Flight Race Track PTH
Decel . N
Hover )
off e {2300
Control) Act Pulses
Record On 1100 80 knots
Longitud 1130 "
Latex 1170 b
Collect 1230 "
Yaw 1260 "
0ff 1280
Computer S.8.
Level Flight 1280 15 KN
Left Bank 10° 1860
ap© 2070
30° 2210
0re 2260
Tape No. 2
Computer 8.5. on 0
Contr. Pulses
Longitud Lo
Lateral TO
Yaw 160
Collective 160
Left Bank 30° 210 k5 knots
Right .Bank 30° 270
Descending 570
"800 F/M 500
" 3100 " 550
orf 660
On ‘660

Comp. S5.5. Eng. 580

22



“Table 3,1-1 {Cont.}

Tape Hp. 2

Lateral s1lip

Diseng
Yaw Menuever

Diseng
8nap into Hemding Hold
Head Held OfF

Offe
Landing Seq
To&chdown‘

"

Ground Taxi
Stationary & Power Down
Rotors Decel

off

Start

1360

Event

770

860
1010
an

1380
1420
1460
1500
1650
1700

VOLUME 1

Stop Notes

1350

Large Oscill
1760
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TABLE 3.2-1

"MAXIMUM INDICATED ENVIRONMENT~-LOW FREQUENCY SENSORS.

Donner Lincar Accelerometer Rate CGyros
X Y z X Y z
Forward Lateral Vertical Roll Pitch Yaw
EVENT g's p-p g's p-p g's p-p D/sp-p | D/S p-p | D/S p-p

On Ground, Flight RPM, Boost
System Checks 0.45 0.39 1.1 1.9 2.1 3.8
Cn Ground, Taxiing 1.3 1.5 2.0 7.5 10.6 7.5
Lift-0ff To Hover 0.5 0.45 1.6 5.6 10.6 9.4
Transitinn to Forward Fldight 0.5 0.45 1.6 22.6 15. 19.
Forward Flight with Manuevers
deceleration to Hover 0.6 1.9 1.8 30. 28, 17.
Torwa¥d Tlight, Manuevering,. Control
System Disengaging and Command
%mpulsos ’ 1.6 1.9 2.3 35.7 21. 26.
#nuchdown 1.6 1.9 2.0 22.6 | 17. 11.3

AWNTION!



TABLE 3.2-1 {Continued)
MAXIMUM INDICATED ENVIRONMENT ~ HIGH FREQUENCY SENSORS

Endeveo Accelerometers ADA
X Y z X Y Z
Forward Lateral Vertical Roll " Piteh Yay
EVENT g's p~p g's p-p g's p-p D/S p-p{D/S p~p{ D/S p-p
On Ground, Flight RPM, Boost Svstem
Checks 1.4 74 0,9 2ok, 3.1 2.2
On Ground, Taxiing 1.4 0.9 1.5 4.9 5.7 1.8
Lift—ﬂﬁf to Hover 1.7 1.5 1.8 8.3 6.6 3.5
Transitdon to Forward Flight 1.4 1.5 1.9 5.8 5.3 3.5
‘Forward Flight, with Manuevers, and
1§eceleratian to Hover 1.7 1.3 .6 6.3 7.0 3.5
orward Flight, Manuevering, Control
System Disengaging and Command
Tapulses i.5 1.2 1.9 8,2 6.1 3.5
Touchdown 1.4 1.8 2.2 17.8 7.9 3.9

WATOA|

| IWATOA
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DIVISICN OF DNITED AMRCRAFT CORPORATION

Standard Oe
4,0 DATA REDUGTTION
Lol Analog Data Reduction Procedure

The flight test data were reduced at HSSC by first generating
individual analog tape loops from the flight tapes and then
processing these to spectral density plots. Table Lh,1-1 pre-
sents a -suwmmary of the 12 tape loops which were generated
from flights 1 and 3, plus two additional tape loops taken
while the system was operating in a serene HSSC laboratory
environment. It was necessary to generate this number of
tapes, since HSSC's record/playback equipment could maintain
time synchronization between channels on only four. of the
seven chamnels.

The tape loop data were reduced using Spectral Dynamics
equipment into the form of high and low freguency power spec-
tral density plots (PSD's) and also high and low frequency
Co and Quad spectral densities.. The data analysis was such
that 10% (200 DOF) statistical accuracy was always maintained
from 0.75 4o 2000 Hz; and that at most, 25% resolution (band-
width/center frequency) was maintained from 6 to 2000 Hz.

Figure 4.1-1 shows the basic hardware block diagram for the
data reduction equipment.

The actual hardware settings which were used for the amalysis
are presented in the following four tables:

Table h.1-2 High Freguency PSD Settings

Table 4.1-3 Low-Frequency PSD Settings

Table k.1-k High Freguency Co and Quad Settings
Table 4.1-5 Low Freguency Co and Quad Settings

27



TARTE  k,1-1

HSSC/ERC_V/STOL TAPE IOOF DATA

g%

Fiight Thpe HAsC Type FSSC Tape Channels/Sensor HSSC Tape
Fookage (FE.) Loop #  Sensors 1 3 5 7 Tength (Ph.) Event
1 Z70-h00 1 Tow Freq, Gx Gy Gz Ax 30 Flt. Idle
1 " 2. Low Freq, &y 52 4 Gy " f‘
€ " 3 Low Freq. Gz Ay Az A% JH o
ki " b High ¥req. G Gy 3z B N o
1 " 5 High Freg, Ay Az Gx oy * ¥
1 M 6 High Freg. Gz Ay Az Ax # i
3 i 880-1080 T Low ¥Freq, e Gy Nz Ax L6 Fwd.F1t, /Tesc. /Hover
3 1 " 8 Tow Freq, Ay Az Gx Gy " "
3 1 " 9 TLow Freg. Gz Ay Az, Az " ’:
3 1 b 10 Eigh Freq. Ox Gy Gz Ax " "
3 i " il 1igh Freq. Gz Ay Az Ax " H
3 1 " iz High Freg. Ay z S Gy i "
i3 Low Freq, 1@z} 2(ay) 3(ox) 4{az) ggsy% Lo Noise-Tape
Ax)
k High Freq. 1 {ax) 2(Gy) 3(az) b{ax) ggA:sf% ho Toise Tape
Az}

| ZIAMTTOA]



HARDWARE IMPLEMENTATION FOR BOTH PSDs AND CO-QUAD SECTRUMS

[VOLUME |

Figure.

F3
- T T .
v / .
e - (" < e -
o . @
el . +
£ = - 1 5 s " »
S | N i
fole v - - ..f. ..”.l.... m.w -y PR 3, -
' . ' 1
) L > T
X n K - m . o~ - -. ...W - -” i .
- . . P
\w - E - X l” E ke mrghn ?.&la“hn m.-nn
Lo - i
- - - m - . | . o) !miif e - -
. : .
» N + P ) :
- — F e} . M
. RN B R .-Qtv.. PPN -.r e TEATY em g G s ey
g U TR T
@ . o e Ww e e ;amr,,.i AR SR
o - - & Cod R A
e .- il SRR PP R LT e N
ST B T ETY TO AR
B N S S I SNt SRR SR SO SO B
- 0 S mg Y ee A T S
Py ie g et d = b T B
b TR DA Lo L s Bt Gy o vzz ke mmgor e g x| ey
SETERCT L A B S S B B ST
T Ll i @ : 358 H A B E
. PR 2y b . - T IE T SSRGS SSVRISE SN SRS S-SR
m . H qu .M y v H N "1 m- .n -
i 3 L ! — N 1 . i v + 1 ...n -“ N
- e e e e g o L rny wmsimenem 1o Sk h it h [ S
. Eoa & P | O R T
s «.:. IR, d B . ...iii.u!-.”m.i. “ u.; ..M,I..,m‘ul.miw ” . s
R 0 A DRI S o w Bl
N e i th W, RO .JT..--.,..... N PR SOV S
N . : . . . ' . 23 N .u 1 H
RS _ U A T B oot
SR S N S WO SR ; :
PR L w T mT e T : TreTmeTER T
. i : AR -7 -
RV I ) " SRS
N m ’_\ iy M
e 1 A AU < S
m <% 2] A
—] = & B L
! P 42
o8 E| % I
L A
I~ o O ) B o I .
AV I P ot ot it . ..
D.ﬂﬂ w o ~= m.mw_ RN
1] .u = o T3 m &y co1
o @ @ ot MR -
= ] 4 2
I = 1.
= =2 - & AR S
) o) .
= = BRI
m w ¥ v ] .}
~ =] e B
| . Q
r =5 L . 4>
a - - . @ , o
M. O VU N I
5 Y 18 g
“ : 5 " [ B . [ =]
2 ¢ R ECrIE= I 2 e R
oZ e - - ‘. B o
m . SRRSO IR SO B %5 m.. T S B - o
- . E £ PR
1 ) R [ s @
o B P SR S S ST o
W o~ i ' ' M = oo ..m_u
N DU VR N PR S .
A A ’ : T P
3 e E ]
t .y_. 1 w % H .u - v
m R PR a4 S R GOt e U S
S L. b ol SR I R
Svere s o @ -
Mwuumw * 1 . mm ' 3 u. * 1 3
b ‘ IO PR SN DRI
S * ” S X v!M.- m\I L] - e -
. m ' »_ .. m m. ' i :

~1

b1



TABLE 4.1-2

HIGH FREQUENCY PSD SEECTRAL DYNAMICS HARDWARE SETTTNGS {90-8-59)

) Bandwidth Averaging Tine Sweep Rate Freguency Range - Sueep Time
Filter £  ®ilter cal. (Hz) (see, ) {Hz/sed.) C{He ) {sec.)
1 7.00 5 10,0 (400 uf ~ 125 (Sn1oha) 10-40 240
I3)
=4 I, o6 10 5.0 .50 Lo-80 8¢
3 3,52 20 2.5 2,0 80-200 60
L 2.21 50 1.0 .25 200- 500 32
5 1.57 100 5 25,0 500-2000 £l
Total 5TE
Range Setting = 1.0V rmg )
} SDifla
Multiplien = 1.0 3
Maltiplier {4) = 1.0
‘ Sp10ha
Multiplier (B) = 1.0

INATTOA]



TABLE }-!-.1*2 ‘con-t| d)
HIGH FREQUENCY FSD PIOTIER CALIBRATION

Wwith the fellowing Rardware Settings:
1. RANGE and MULTIPLIER in CAL position,
2. Lowest Filter {5 Hs Bendwidth),

the X-Y plotters should be set as follows:

a. TFor Endeveo Accelercometers ~ ¥ axis = ,012 (e)3/uz,

b. TFor ADAs - ¥ exis =.10 (deg,/sec.}g/’f{z,

¢. X asxis setting is on 3 cycle Log/Log Paper at 10~100, 100-1000, and 10000 .- 100CC Hz decadsgs,

1 TNMTOAT
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TABLE ,1-2 (contid)

HICGH FREQUENCY PSD X~¥ PLOTTER CALIBRATION

Axis ADA's
X T3 (V’rms/c/sac,Pk)
Y v .81 "
7 e "
Average. = .78 "
PO = Q
Average = 1.11_(Vék/ /sec,Pk}
With Range = 1 V rme and Multiplier =
F. 8. = .90 °/sec,
~t — . 2
CAL. (5 Hz BW) = 2100 (®/sec. 2 HE

Endeveo
2,07 (V rms/g

o-pk)
v 2.h6 "

V/E.MO #

2.31 1t
Lz
.306 g

2
012 {gype) /Hz

el TWNTIOA]
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TOW FREQUENCY PSD SPECTRAL DYNAMICS HARDWARE.SETTINGS

TARLE 4.1~3

Filter # Filter Cal, Bangwidth (Hz) -Averaging Time.(8ec,) Sweep Rate {Hz/sec.,) Freguency Rangé

Sveen Time
E

1 7.0 1.5

Range Setting

Multiplier

Multipiier (4}
tiplier (B)

Sweep Rate

33.0 (1500 uf-J3)

1.0 Yras g
1,0 )
01 )
)

1 )
)

112 )

SD101A

SD1O4A

1 INNTTOA]
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TARLE 4.1-3 (Cont*d)

10W FREQUENCY. PSD PIOTTER CALIBRATION

#ith the following Hardware sebtings:
1. RANGE and. MULTIPLIER in CAL position
2, Ilowest filter (1,5 Hz Bandwidth)
the X-T plottérs should pe set as follows:.
a. ‘For Domner acuelerometers - Y axis = ,163 (g ,rms)?fﬁz

b. For Honeywell gyros - Y axis = 6,15 (Q/sez..rms)g/ﬂz

¢, X axis sébtting is a 3-~cycle Ieg/Iog paper at ,1-1, 1-10, and
10-100 Hz decades.

| FANTIOAL
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1OW FREQUENCY PSD X-Y PLOTTER CALTBRATION

TARLE L4.1-3 . (cont'd)

Axis

X

¥

4

Average =

Average

1l

With: Range =
Mulbiplier =

F.B.

il

cal., (1.5 Hz BW) =

Gyro

/ 192 vrms/®/sec. o _n -

v 165 .'I.r
L/. 194 ar
.18L- "
o

<261 Voy/ - [sec,

vk’
1 Vrms

3.83 Q/Séc.

6.15 (°/sec. g )2/Hz

Donner
V1,09 Vrms/go_pk
V71,06 .

v L2k "

1.13 "

1,60 vpk/ &, ok

626 g

2
163 (g, ) Hz

rms

| IWNTTOA]
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TARIE b1k

HIGH FREQUERCY CO~-QUAD SPECTRAL DYNAMICS HARDWARE SETTINGS

. SDICiA, SD1LOIAS, SDLO4A, and SD2T

Filber # Filter Cal, Bandwidth Sweep Rabe Fregquency Range Bweep Time
(Hz) {Ha/sec.} {Bz) {s20.)
kR 7.00 5 125 10 - bo 250
2 4,96 10 .50 o - 80 8o
3 3.52. 20 2.0 80 -~ 200 a0
e 2:21 50 £.25 200 - 500 43
) 1.57 100 25,0 500 - 2000 &0
. " Total T
Range Setting = 1% rms} /g’gmg ,4” SOICIAS
Fultiplier ) = -1
lx'.?J. u.LDj.._L—r A = lg 0 ,
rvuluivlier (B) = 1,0 } S BLOYA
2. 5D 1054
Channel A Chanhel B
Tnpub = 1/0 V rms/db Input = 1/0 ¥ rms/db. .

‘Averaging Time (sec,.} = 10,0 Averaging Tiwe' (sec.) = 10.0

| ANOTIOA]



TA:BLE L.l (cont‘@}

HICH, FREQUENCY CO-QUAD PLOTIER CALIBRATION

With the Following Hardwsre Settings:

the

SPL014, SDIOLIAS RANGE .and MULTI?LIER in CAL position,
Filtered 100 K Hz signals to SDLO9A,

Iovest filter bandwidth on each (5 Hz),

Both §D1094 inputs at 1/0 ¥ rms/db,

X~Y Plotter Calibration Foint will be:

a. For Endevco-Endeveo accelerometer conbination ¥ axis
b. - For &DA-2DA Combinatbion Y axis
c. For Endevco-ADA Combination Y axis
d. X axis sething is on 3 cycle semilog papex ab

10-100, 10C-1000, and 1000-10000 Hz decades.

1

i

e

L0090k (g rms)z/ﬁz.

. g,
.081 (deg,[sec.rms) Hz.

.028 (g rus deg.féec.rﬁs)fxz.

1 ANNTTOAI



TABLE V.1-4 (cont'd)

HIGH FREQUENCY CO-QUAD PLOTIER CALIERATION

Average Scale Factors: ADA ~ 1.311 (V pk./“/sec. pk,)
Endeveo - 3.27 (V ph. /g pk.)

With RANGE on ©)1014 and SDIOLAS = 1 V rms
and Inpubs to 8DLO%A = 1/0 'V xms/db on both chamnels.

Full Scale = .9 /sec. for ADA
= ,306 g for. Endevco

CAL (5 hz BW): ADA-ADA = L08L (®/sec, rus)</Hz
Endevco-Endeveo = .00CH (g rms)a/Hz
ADA-Endeveo 028 (g rms ©/sec, rms)/Ha

B

| FNNTTOA]
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LB}:E l{‘al'S

LOW FREQUENCY CO-QUAD SFECTRAL DYNAMICS HARDWARE SETTINGS

AD101A, SDIOLAS and SD1OL

Filter # Filter Cal. Randwidth Sweep Rate Frequency Range Sweep Time€.
(Hz) (Hz/sec. (Hz) (sec: )
1 T 1.5 L0113 . 75~20 1711

SD1014, SDLOLAS

Range’ Setting = 1 Vrms )
Multiplier = 1 )
Multiplier (A) = Ok )
Multiplier (B) = .1 ) SD1O4A,
gweep Rate . = L.12 )
SD109A

Channel A

Input = 1/0.V rms/db.

Average Time = 10 sec, on Front Panel plus
‘ 250 uf cepacitor on
“©0 function (J3)

(Total averaging time = 33 sec.)

+

Channel B
Input = 1/0 V rms/db,
Average Time = 10 sec¢. on Front Panel plus

250 uf capacitor on’
yuad -Function (Jh)

| NNTTOA]
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TARLE L.1-5(cont'd)}

1OW FREQUENCY CO-QUAD PLOTTER CALIBRATION

TWith the following hardware 'setiings:

L.

-

a

3.
L,

SD1014, SDLOLAS RANGE and MUTRIPLIER in CAL, positions,

¥iltered 100 K nz signals to SD1CSA,

Lowest filter bandwidth on esch (L.5 Hz),

Both SDLO9A imputs at 1/0 V ros/db,

the X-Y plotter calibration point will beq

a..

b.
Co

da

Tor Donner-Donner Accelerometer combination Y ‘axis:
For Honeywell-Honeywell gyro combination Y axis
For Donner-Honeywell combination axis.

¥ axis sebting is a 3~cycle semilog paper ati o

.1l-1., 1-10, and 10-100 Hz decades.

#

it

H

2130 (g rms)efﬂz,
4,90 (deg;/sec.rms)g Hz,

97 {8 o deg. [sec.  )/Hz,

1 awmoﬂ
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TABLE 4.1~5 (cont*s)

1OW FREQUBNCY CO-QUAD PLOTIER CALIERATION DERIVATION:

o
Average Scale Factors: Honeywell - ,261 (vpk/ /sec.Pk)

snner - 1,60 ka/og pk)

With RANGE on SDI1CIA and SDIOIAS = 1 V rms

and Inputs to SDLO9A = 1/0 V}ms/db on both channels,

Full Scale

it

il

CAL, (l- 5 Hz

3.83%/sec. for Honeywell

.626 g for Donner

BW) = Honeywell ~ Honeywell = 4,90 (deg./sec.rms)g/ﬁz
o ) 2
Donnex-Donner = 2130 (& ) /B2

Honeywell-Donner = 797 (gr, aeg.fsec.rmsifﬁz
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h.o Uncompensated Test Results

The individual PSD's and CSD's are presented in Volume II.
Here we will merely summarize the test data. Tadles 4.2-1
through %.2-3 present the total RMS vibration level for
Flight 1, Flight 3, and noise tapes, respectively.
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WABLE heZ-L

HESEC Frequency RMS
Loop Chiannel Sensor Range Voltage

1 1 Gx Low 10

58 3 Gy Low 09

1 5 Gz Low .08

1 T Ax Low -8

3 3 Ay Low 08

3 5 Az Low .13

% i G High o35

b 3 oy High 30

i 5 Gz High LT

6 7 Ax High +30

6 3 ay High .30

6 5 Az High 29

Test Resulbts - Flight: 1

Bcals
Factor

0.271 V//sec
0233 ¥/%/sec
Q.272 Vfofsec
1.5% ¥/g
1,50 V/g
1.76 V/4

1.03 V/%/sec

'1.15 v/%/sec

1.13. V/%/sec
2.93 V/g
3.18 v/g
3.L0 V/g

Teve 1
Date: 8-6-60
Tape Ft: 270-LC0O
Event: Flight Idle
{vo1 1T)
RME Vibra-~ PEL Plot
tion Level Figure
0.37°/see 3.1
0.39%/sec 3-2
0:29?/sec i3-3
0.05 g 3~k
0005 22 3"5
0.07 g 36
0.34%/ sec 3-7
0.260/sec l3~8
0.15%/sec 3-9
‘010 g §3'1O
0.09 g 311
0.09 g 3-12

plepusls
VOB

)
AERLPCAL0OT L EVITHOY T30 1) HOBIAKE

1 IWNNTIOA ]



1

H3EC
Loop

-

w ow S =~

10
10
10
1L
1L

11

Channel

1
3
5
7
5
3
i

w\h Lo

W =)

Freguency
Sensor Range
Gx Low
Gy Low
Gz, Low
Ax Low
Ay Low
Az Low
Gx High
Gy High
Gz High
Ax High
Ay High
Az High

TPABLE ko2-2

RMS
Voltage

0.15.
0.17
0410
0.1C
0012
0,32
0650
'dnTGM
0.5
O.lz
0.38

0.83

* Pest Resulbs - Flight;

Scale
Factor

0.271 V/°/sec
0.233 V/%/sec
0,272 V/°/séc
1.54% V/g
1.50 V/¢g
1.6 V/g
1,03 V/%/sec
1.15 v/%/sec
1,13 V/%/sec
2.93 V/e
3.48 /g
3.40 V/g

3
Tape: ' 1
Date: 8-8-69

Bvent:

RMS Vibra-
tion Level

o~
] o <
1~

!
LI

0.55°/sed
0.73%/sec ‘
10,37/ sec
0.06 g
0.08 g
Ooié g2
1.49%/ sec
0.61%/sec i
0.40°/sec |
0.14 g

.11 g

0.2k g

Twd Flt/Desc Hover

[
.
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e
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TARLE 4.2-3

Test Results - Noise Tape

Frequency

Channel Sensor Range
3 Gxk Low
2 Gy Low
1 Gz Lonr
6 Ax Low
2 &y Tow
L Az Low
1 Gx High

2 Gy High

3 Gz High
b Az High

Ay High

€ Az High

RMS
Voltsge

0.078
0.090

0.079
0,060
0,057
00055
0.075
0,083,
0,07k
0,051
0. 06k
0.0Tk

Scale
Factor

0.271 V/o/sec~
0.233 V/°/sec
0.272 v/%/sec
1.54 V/g

1.50 V/g

1.76 V/g

1,03 V/%/sec

1.15 7/ sec

1.13 V/O/sec

2.93 V/g
3.48 V/g
3.50 V/g

(Vor II)
RMS Vibra- PZD Plot
tion Level | _Figure
0.29%/sec % :3-25
0.397/sec ? %3-26
0.29%/sec ' .3-27
0.0k g i3~28
0.0k g L By
0.03 g ; 3-20
0.07°%/sec i 3-31
O.OTO/sec i. 3-32
0.07°/sec i 3-33
0.02 g i 3-34
0.02 g i l3-35
0.02 g [ 336
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Compensated Test Resulbs

The snalog test results fram flight 3f/tape 1 were reprocessed
in oxder to take into account the effects of the Vibration
Monitor frequency response characteristics of the 12 sensor
channels. This was accomplished by transcribing the analog
plots onto punched eards, =nd then digitally compensating
each chamel as a function of fréguency. The transfer
functions, which were used in the compensabion, are presented
in the folloving figures:

Tigure Sensor Channel
ha.3-1 X Dommer
h.3-2 Y Donner
he3~3 % Donner
il-oS"‘zi' K Gy‘ro
L,3.5 Y Gyro
4.3-6 ‘% Cyro
4,37 X Endevco
4,3-8 Y Endevco
h.3-9 Z Endeveo
4.3-10 X ADA
4.3-11 Y ADA
h.3-12 7 ADA

The dark lines on each fipgure were based on both the pre and
post-flight calibraticn data. It is nobed here that the ADA's
were assumed to have a flat freguency response. Xven though
the calibraticn data indicate significant resonances, these
are believed to be associated with the Team Angular Vibration
Table, and not the Vibration Monitor. '

Table he.3~1 presents the final table of figures foxr the re-.
constructed enviromments, These are presenbed in Filgures
I.3-13 through 4.3-48. These composite spectral plobs were
generated using the low freguency senscrs up to 10 Hz and-
the high frequency seusors from 10 to 2000 Hz. TFigure 4,3-4g
summarizes the total data reduction procedurs.

46



2 LIS P
-y ow e

LTl

B TJOE~NY

KO, 340 410 DILTXI0TN GCRAFW BAPLR
SCM LCUARIYTHM T

. : HSER 5639
- _ : o 'VOLUME 1|

i
'

|

o T P A e P T e :
300 oot O S S R T Pl B ol el i R S R S R B S SR PR R R O mEE e e R e Sl d v SR “
o T TR A R e e SRS EEEP NE R E S N"
S TR R A T e e R e e e e
alid tA 0 EE T St SREES RS RS S e e S o B g 8
2 B RN EER e FEECECERERE EEES SESEEEESEES
B (13 [ = SR PR i = = . S S B 8 5 et i 1o o B S i = & SHepmcriisr =
A 1 IEEE R pou e neEEE 2 1 5 o B ; z g
ieq i o B 3 2 2 B o S K Y ES b ) = =
et ] > . : ¥ 3
a%.m_.. = = = =2 I S 5 £X 5 =
& EE T LR ETER el SRR ESSsE
ap 4+ - R e O SR ==
= L _ 215 B B8 I 2= O i b i = o oy oS i e e s = +-7
1 y ) “.MH ,Him.,... R = = s e gach fom =8 = o ke v et e fo e g o o Nﬁ.nn- -
m : SR ART A e 1 1 % B ok 152 e 208 i =+ = S1 =3 oo 1
i et Il o o BESEsk B = ot = ham o 9 i = o i s
Ll s i @ 5 b i 51 290 9 0 3 T 0 o 58 e 12 s =t e
BEY NSNS EERENSEEHERS SEEE e
e o s o I £ Bl 1 £ o B ) o 2 E = =
) R B T O 1 A oy 0 G 5 1 5] ot o = 4 s =
“AJH..ﬁI-;q‘E--- -+ =
i 4 Mo Y 0 = el A ¥ S R 0 R ] 4 L -
_-. 1 ) I Tl O B L SO 8 R B B B () S O ) 8 DL ok
Tt e =fobots = e Eo s s SRt o DR iR
ofi4 R i Sibemi e
a8l Tt == ST e s ey
e SE SEES =SS5 ESESSEssaas
SRR gE= EEEESESS =SSE=SEC
g =0 = — ——t s
L oefild 45 3 A e e e e
afis RE= e e e e e e e
walibde i : S R e R e S e e S e N e e e e e o
i EEE SRR S R e e e e o B e e o e R By S o il S B
i SiEpEEREEsaEEaEEEnT SEESEEE R e P s an s
3 S R R E AR NS EEEE s LT B=SZSsSE
{ =2 1 ol 1 I % RS (EpSh A R = SEREES e
e el ] HERTEE: s g i s e o ==
i eREl A e GEEEEE M =S b kass 3 ==
— alidv ] 3 +
¥ 1-1- R EE s B o
Par Vet e e e e = 1
b g 0 I )5 2 R s 11 1 7
3 = Sk ot S Sl B SR e o ot B S8 S SF - - T
i LR S =g -
o, ; B ﬁ 2 g.u- ke
£ 1 il [ 3 3 1 52 0 1 0 T
: R 1
22 : ..;ml L HAE R TH
Cﬁ. o m.lu CHARERE BEEEE £ |. ]
Bl i as -t i —im
SR SRNURE Y RERSERREERT NN
i NE 1k
1150 X o g
1 Bl ._ ﬁlﬂm. " b i R S
u g Lo ; = 3 EE =
: sl LN FEEE =
- Tt BT
e AT S -
oy P - 3 =
— ; B et s
’ 1o ScEBREES
3 Al iing EEgeEE
n i ERERSosas
2 il A i s 2
o _ _ Sl
Mu 20 —..l. g n..»can‘ =1
x =R
i . 5 = s ’
[¥] % m B
o : 1
> - ks .*l
v LR w.
L A i SR A
e J,m:ﬂi :_ EE SR -
L i A i z

=
i‘l
L
b
|
11
!

o

¥
i

B
i

o A s o

152 K LRAM

L ener

a0 ~ 7T
i)

FeE e Bl

|
-
= g GRS N E
—i

-
-

g
i

12
[
|
Kb R

a5l

B et G Tl Sttt

i B e s

'T'._"-J

ep

b NS

o+ = =
LS ' :
O e R T

_.I —— e -
i -
—




CulENE DIETZIOECN CO.

-

NO, 340-L410 DICTIAEN 3Asre papgn

. .,

LTI AR)

SEW; (CoOAiIYunm

4 CYCLES A 'C O'v's OINS eLn

L =1,

L

K

10
L2
7
o

3

|
T
|

HSER 5639
VO EA

B

Jrestyieage

T
i1

5

&

a

Y

@ 0 NQ O -

WA NDEC .

P
L
s

'

oo e,

'l')m..;'— S

3

P o .
L i

!

S

—e- - .'-.. \
: EONEs 3 = R =
ap EES o o i o b 1 EEsESRERSE
! 1= b == o7 000 G bt e i i e cm e
LB 22 ] = 5 150
‘.m 4 - - e,
=i - ¥ = 3% b
11k =l [ 17] 1
e » =
41 -
+ - o0 5 .
.. =55 : 2 = S s e
=R = B = ] et
=3 : = = S i o o
. T z —] et e
= st - == 1 —{== I|-|I|II.
=
]

-{:m:v.m'"**—*-""_-

s

.n.‘

\ﬁ = e —3 =

=1 — e =

4 i o 5 i g 2 = = o
4L SESEESEgs = SE=s S
53 EEEEE T aaE = e S aid
5 SSooectaas Se= EESES EScoes=
= EESS=ORSE Bas EEESacERaSas
= = i Z2ESE iu;.“_ s = = -rd- b
- - b= ] == = o = [ s e, e B Do o B
= g = = i ESBEEEESSE
=z = i =+ S e e o
3513 o R e s s e
il i el 5 O i T
= i i e e =

Wy TR g,
r———

" .Q\mwrﬁri.—én‘-—-ﬁi.-u e
i 'y

(i 0

ST

peeladiafh

.

|
1

g

Ry

e e

4
1

7% Uk

.Tw_

T
T
ot S o

He™

E—
o

Rl Bt SE e
¥y
- | -
P d—— e e d .1-

vy
—

]

S

sl O

b




i

.

PR N
At = s v A

W o NP .

1

DL, LUdAR Ve g
4 CYCLES & 'C Div'S 348 B 7 INC™

-
-

b
|
[l

AR e g ARt

" HSER 5639
P . . VOLUME I+

= -
. - - 5 .“J
4 - MI = 5 T..M..ml...nw
ql“ vIJHI —1 - nln.w
““ i beE e e} =
rL_,n.a a-f s R
-3 e 2ar T ot > i = T ..-.1“ H=I= R
J_ 2 : = S5 FEEEREERE
M E = EEECEEEEaE
..-ﬁ.. TV ERE- = B ZEEEEE=IER
Fisfat it b -+ s s T s ]
- A s S s Mt --
+2 52 =2 = =
m m... v 2 B et B
g = A =4 - Tl.-.;orv‘
; il O I e 5
farRiee: -
aili=y ‘. —g=4=4d -
SR 5= ESSR=Rs
I W EEr == S eEaaEE
R TR 5 : 3 = I TEEEITE
.“ : = PR I = H..: = l.ldﬂlllu.l
SAME = SEE=35
4§ 5= S5
BEEREL = b v an s
1% E=mt
at -
) S
3 T EoA RIS =
TR =at
: Gt

;
|
1

1
1
-
1
e s
i
"

R

'I.LL;_H 5

-
L T
A PR

AT

N
LR

G
Y

-} Ol
B i vz 5ok P i 2 3 = =i
ﬂ.r iy o an B=
M g A MBS AR B B 2O 2=
it f il = Pl o % e o g BE B ==
N R g
PTG ] R L =

4

il |

i

H
el L
'
125
L]
hieF
Y
T 0
|
]
e
I,
¥
+
{in
Iy

ik i i

T SHE 3 ISEES SE

Phi ] $ 11 T SE==EEcE

_ . ca o e .u—.r.ﬂ?..ru,. :
2= ".Ir ey = o)

T
1
:
8
L
]
i
.
;

4
1

1

1
I:'ff
BB

A
]

e

T

]
;

|
e
T |
i
X il
T T
LT
i Al 1
. P A
{: ety
1 1
P
U -
i
Lg
3
|
-
FRENEREREEER
et
gty
i
|
[
13
5
1)
T
11 i
4 I 2
H B
Yol
ey
1
|
LI

|
|
I

LR

1
i

|

2 o

.- ._’...._::..-.r...'-

|
ki
s

B

g o e

- 3
o o e e e e
!
2
T
=1
Lt
i
" (o
ot
jLie
e
T S
e
| ]
b b
e
fi iree
P S I BRI
1]
; t
]
]
BON
|
i 1
: !
T
s
I
L]
\
it
bk

ol ey o 1w e g ———

oL

e
.
A

%

i
g
— JL—j
L
:h pid
3 ST R
ik
o et
T e
- wmsess -—‘.-;?--

i

[ UIRENCE b PR (B0, SA T

. —— e b

R
T
T
o a—

L L L &

7

9..

. G

o g
1 o, e .54

P
-

———— - —
i 5
5

| SRS A BEESY




|

NO. JAQ LA DILTIOETN GRAPW PAPLR

- w A

-

LuBENC DICTZOEN &N,

Bl LDUAR Ve

4 CYCLES & 1T O'V'S 0N3 K1 W

-

IO

o 06 ND O -

b

W a3 ND2C .

A

al

A

i X
[y R (3?([.1514._47.1..4.

'
i

i
e

=

s
]

P

P I P IR
L:,LL:.L

L]
bl

WRE

EFTN.

V._.'_L_

f
F

T

T r
e

dd)

T
-
At

N
Pl

T
i
=12

I

-
LA
i

S

=t

i

J -:5

LR T

i
|

YR

i
b
F

e

g Sl

.

L

A O T AL

CE

T

o gy

S

s

]

~ e
& .

Pt

2RI

B R

-
- ~"ea

: /-

; - ot

R R B B A e —

I

%

23

l
¢

———

S

e

 §

o e st s

il
1

7. ]
...—..-ll.i:-u-.-!-

'
4

=

[SRARTHE

L1

e

4

e e bt

|
|
pomm-

15
]

1oy

|
14

-
e

i)

e e e o 2 ey
1 :

broem e s
ot s R g

i

4

-——————

‘e 4"

cane e




i

Lt

(
e g e pond
= ‘EBATIN_. !
ok =]
|I A
1
T
il
1
i
1
1
T
i
aad
Vil
|
bl

kS < T : =
\ —ta = e = -
4 o & umﬂ! Fat— =
: = ; I.*F.n‘ S =
e, W gREREL = = =
s £ 4G B SE = sohan
> HRNEE e
3 tf i S e
.n..., 5 .«._a_ - R I
c_ g | =2
% : . SEaE
al-& A+ g : EESSE
: ST T e ot
N 1| W I R R R E A ERERE R RERE o5 z=52
Uel T 3 S L = SR B e = =
e ShEEEIY T PR LR
e ,_w © BT R
Hen | EER RS B RE
» < w @ Ak e Gy olJ..Y L.;l - s
i : J:_
.r..v. ._..mlu. m
P 0 M....v; w |
T,
oftif] o®
7 u.....u S
a np.- "
te = i
Slosl SRR
11 By Rs )
ik

i H- 1] mq.u.m.m

: [ = 5 5

~ NERE T i SEnLeE
L 3 .mlm!_-I: w w.__ m M

NO, 340.L410 DIETIOIN GRAPW PARLR
SCMi LOGAR Tmw' T
4 CYCLES & 1S D'V!B TSNS PER INCH

¥ el

a

N
Y
G)"wﬁ-
e N e
1

0,565

*7/&"’ s

R

L

&/

4

= 2R

1
1
L
|
1

< T2

B St

R
S

|
i
!
|
T
;

>

o
h=d

T T

+
aph
i

|
s Nl
et o

B B

m w @
£ i RiEsERREsuRa; i
SR AR ZRRCERARRRYE i
N AT O g e itigl:
Jkd i N RENEAREEh R S ROTIRER R
; RES 't L ! “ SEERE | _ dy
" I P _...‘ St 12 ¥
: m ﬂ : -_ .: :‘ _.,Hd i .!. Hliw il_iﬂulmll. _r- } -..r...m..



LeS3Enr DIETZIOEN CD.

FOUNEEEY

TAO.LA1O DIETIOEN GRAT

wedt = g & &,

SCM, LECSARIT='D

a4 CYCLES R 1C D'v's TNS PO

INC™

w2 20 -

13

(- . TR IR

o g 4
¥ I w.:l = 1M.. mﬁl = .1._‘ || !“\1.1 5. |_||| .w._“r\ 22 o= |.~mv.....#‘.J“r. .mmrww i
IEEREEEAERAEE = BEEEE A =1 o
P e e R R mwﬂ S RS SRR ..mlﬂ
g e L b S i
{= S B e _.‘.tui =F e = 3 L
b Y R LR R i S e e S e e ey e e e e e = g 3
EERERS T R R R Co :
T O T BEEEEECHESEEEERAREE : ShepTot
g 3 rb R e e T S = i SR e RN
EENEAESE TEEE T o IR
2= 5 2EEEEE o B 1 7 = =SS EEES 4= RS EEEEEERaE SR EnE
: : i B e SEacccrone M moE=s EFEEE
5] u._. : B RErEmssaads i e R e e -
EE e = f= ko o i e 4 e o I B i =
Bz BRI g EE N.mv.lir. 2 g 8 02 S e = St -
o ‘ = o = P s (o S St o
2 i B I 90 i = ED &t &
5 5 K 90 3 el -] o) =

]
1k
arele]
et
l
L

Tl

H LT

==
= I EEES }
i = A S =
- - i R o =5 =5y
> SESE AN eSS W..ﬁr... z
S = : =t ==
| = I ll-Mn > “uln.MM = " -l o ”I -Hl'l H1H->\,|
ZEEESE EEEEE e EEES= SSErpes =
EEANE = ==t e e e e
s = S —=§ = EESTEE SEESEES =2 2
e R R e e S S e R e e e et e b SE
3= -#.. ] % [ S g apd o 8 P Lrerr..YH T e S e e B ek Enm = -»m. 3
R e o e s e PR = : i
asal o L s wl:ﬁ.t%.”... -4 — ? B = e e s o o i s e e
= =% & 20 e b 2 B s b in (o i 9 E3sEi=]
. = = L
V-1 i B i [ it o Jis B
- - . N e e s o |h [=1=
-1 4= R 5 I ) e 5 i o
b5 210 o 8 000 (o 0 0 S 1
Wiy - [- B B 1 B
1 M 1 0L
= 4

:‘,J."

i

-4 -
o, B f- 4% 4-5

]

=t
T R L

H

I
T
4

1_-

s

i

N
<
5

b

&
|
i
'
+

M
| SR

LT

..1......1-_ )
i
s | |
-i

i

A
SR |
4

P

A
L=

e e e e ¢

3
i

SN
N ;

¢ 1
e ey

T ]
| filicn. ]

s

= 5 g

i
B b

e e

e

W

e i

VA e
L g

e e e
L.

——

A

e e -

S

piipnr i TN e

-




.

B |
1

-

o4
2
e

'

PUTEESH

'
—_—y

e |

ety

e el
ol

ot —

_._'_.-.—-: et i e A

B it
e

Nt b e

|
S e

o o s et ¢ S

.'"‘\‘] I‘LI

v
¥
Bl
Ebsis

i e b

e

|
|

S L

1 _..:_.L...,

g &

e et |

i
) i ——
\
'
'
i

1

§eeaps Bah mten o &

. b

-

ORI SO R B BeER B e

bt e s

iz
i
18]
IEH e

e e e Kt St

ey ——

HSER 5639

W<orc7ﬂ\_.m__*
L _W H

f

s et & e e 5

i
X
1

B

N

ST SECRES SRS SRR R

A it S g et S g e e

s i e S 1+ g

VD N L SRR
B PSRl 55

B s S
e

P
camgaensigae
L D

R B T

A

2

T

IR RS

g N
bl ds
’ B )
- -
134 H
o

=

Figure

S

< SR

b LGRS B e

P

1]

bE) Lesbedia

LA A (R S

B S
b
S AR ‘

i
1

B

|
|
|

B

...L-..!»._.L—‘.--_ ey e

g bt

P
piideant

|
1

ﬁ“'

B

i

w7
L
et
el

| 2 N@D -

i
L}

g o4 a
et

3

h
L

Py

y]

4

-l

d

-y
i

LLOGLNT D'ETZIOELN CO.

i3

E

W55 ST RS . B

por

!

G TR S e T ey

7
7=

L&

e

'
i
1

e
T d
e

B g

i

|

i 2

r3aey AEN £

i ]

[ &
7

7

i

B wrng ot = IO

M & N 3 C -

NCH
el
<

e Ty

J

I

i

o

HEREEET )

-

%

T

R R s S

et

’ Y
Fe

A
7 AE
faty

’é

LY

£

e

s

I

1
——
1
&
i

oy

=

e
i
e

]

VR =V ST v Y

)

S'v's TwE eCe

facd

i

L1t oli

e e

1

N
i
et

SCM, LTHAR T T

I

+

=l

- i g e o B

)
[

4 CYCLES X 1T

-

]

O L

ied

NO. 340.1L410 DICTIGEN GRAPK PAPLR

1

|

t
}
H
[t

Pl
a
X

s it
|
-t

=

L 4

e B R

-

]

i vy e vye

foed
1
"

1

_.,..._;.....‘,.....

[ —

4

S iy e s

-

O

1

P

g

py

+
1]

i
41

1

'
{
—

o
|
p——
e}

~~

.-....-" -..-.'I -
B

_...l.....;.u P I

&
et
t

J

|
¥ o

T :
A

)

i

v v 2 e

e = g e
]

—binin i e of

U EE S R
T

ioeboaimes

e b8 p——

ey ———
— - sat

B e B

Z

Sy
R

o

—

/.25_..'_72

[ o

X

R
RN (e

i
i1
B
=
¥z
& ja

< st

-2 /0
- 270

= /80

[ ~-300

(270 )7 SUHF ™

\

- Y20

veil




i i e b P S B oo - 4 ey -y b Shi
" . HSER 5639
3 - - B e e L IE e ~ TErTT YT sz _ 1 -
10 1 —— ap peps ey \*. s““; — -— __.1_ _‘ ml__ “_..H M ﬂm “ m _lw .m 1 r _.M “ ﬂ/\_o_al P =
. w . . 1 it | A gt it —=f =31 ug el 3 g 1 i |
AR RRnEES S RUcE e T :“* S m 3 gl EEgE v Y {4 i
z e T RS RE RN P R BZRRR TS B
R R T T B s e ey
sl e LA RERER LT BERERE iSNE
— by ! 1 ﬁ_ __ 1 9 , w ” i H _.“: sl G d botls i i
1 I m _..r.._. 7 ,"‘_-.T_..w..-q:? RSO M 25 =+ i o_c : i i i P
7 R : EREHES EEEREE : e s 3 i 3= i vl
ik UL L R S L L]
i s Dol cm e o B Bl Dot b8 S S B AR 4) EEREEE DR 4 et
{E R i B es s naio T T R ) THEEESEE St
% 3 e A. M . ? H “.ﬁ. #51 3 =11 14 ! «...r..‘ SE £ S 1 ;
« m 4 T . v = i s U R m i mt ™1 i . _.* B ;
13-4 _A“J —‘4.‘......,. 5 ..h. u._n b | = _u,q *
T ._ HE &
b b LLE 55 o - S =
G R 3 1
- _. 2 s R wm
.- =14 B

t &y 8 a

CoGENE DVETIGEN €D
-a

3A40-L41O DICTIOLN GRAAPW PAPLR
SEM, LCTAR T O
4 CYCLES X 1T O'v's ONS PER 1NnCH

NO.

"

i o=
= B
(4 2w 7=
et ”
a_ m
A hlmuhm..,
1p) -
N!lm 13
Al .mﬂcf ; - 3: il s e
b DA R ERaCE
— _ | 1 i 1 H.n.._.-ll.n M.._. .,.“.WL%W.».\I.JIIw “T!. B |‘.
T e R S 1) 0 L S S I
W’. ! §: % v |.I.I-nw ....ﬂ..lw-_....-,gz.w.r < ;m_| 3 = .1_.
1] 2% L .JA..I:.;-.W. - o i .||‘-,ﬁ 1.”..-H.M|‘.n‘i._.‘.|4.-l S G G e = o e S
SRR e e e e A e e
ST T e A T e ..
MR AR AR RREARNREEE i:.f% “““ . T i g B
8. .AJp { A o e i o 15 | S R iceEe 3 ES s 21 £ S 5 e
MR PR G e T TR e B
oh SRS LS T D RERREARARa Gl
sk )] 11 ;%wr.vfﬁa EREEL T .
- e g e, Lo B8 S B 0 2 e B DR R (R i T T ITERSER T SRR :
b .0 i i L — -t H
w,n..w%wmmi N RS R BRI EEE LB s IESEE R S o
| 2 s 5 - A=l =
T IERENREY T & e LEE 3 g B B
e L e T FEEb T
_ .ﬁ i ._ .m. % L CHR s i 5 . i {1 ﬂ.m i1
| it SRS ERRERRE] gl om0
B P 4 b b A e 4 i
ST H I R
et i3 4 ._4! Pl -4 ] =+ 1= 1 o o I BRI el
o R T R S T Hr T
ot L R T T R R BERAERARSRAES
L B
spbbd TN T IEERNARRSE
o[t L Ly L L T T } IRk
f.:_ ”_ Sy _“_".,m,.”_f..f".w ; <..;....4.w T
h,m“. T .ql.ll, + ” By ...Wﬂ._.ﬂm ,wm._w L : _d.‘wn.. : :
S PEREYEEERSEY i EROIRERLIRRRL A0 R PP “iL_ﬁ,.T B o
_w_ | e i EHEREERNE .Y.,u_..%w et o 3 O e i N s
i S TR e 0 : = n_: ] Pt Ly
T T D e T e e e
___ H. _._m_"_ :__m_”mh_hh___%____“ Ffelro et Fy il
o i : o) Q o Q 0
R IR TR R T g
N ﬂ 1 - i i ! _ﬂu i 1 I
! | 1 ! A ! I
e B Pk S e

— s




EUGENE DICTZGLN CO.

—

GLN CRAPM FAPCR

330.L410 DET2

KQ,

MADE (N 1 B A,

SEMI-LOTARITHMIC
A4 CYCLES X 1Q DIVISIONS PER INCH

10

derdoees

"i.k..}.;._ﬂf

.L_.[__-._.‘.+

R RO

1

M

-

SESEEISY

1

T ———— Y

1t L PR TSN

P

HSER 5639

_ VOLUME I

it

.
oy

R

0 0 NDO -

A

|

“i""

IRRENRRN

iy

it

w o NCO .

8;

e

a4l

:

|
¥
[
T

WA

4
o

;.,:'.:‘..'.

pod

odaerinsine
H

1

1li

.:...,:.;l. il

'|:i'i":‘

gooed

W o Neo-
I ;

SILES pahal Wil PG

5

EEE 2
SRS
1]
SRERRIEREN)
L joPepad Jut i,
e Pt
,._u .“...Mm|
SGENREREE

n
|

L7007 St




. HSER 5639

| { & 2

ECrT Y HE R CEE e b o 28 00 R O 3 1
- AT
X SR CirE BN
. : L b R e e s LSS
0 IR R 5 6 O RO I 55 il
5 ERBEREREIERRANEEE EEESRERENE EEREE
“ RS A AR DR NS RE AL BRI R RS . Haps
! RERERE RNEREN i P
A e Bl o3 S 5 e L e R .ﬂ:.-ﬂl 2 Ut ) LT._‘..I 43 et
i RRBECEIGERRRRS LSS 5 ] ERES:
; 5 3 | i 5 t 3 i .,'Twll.
i | pEE ONE S TR R AR S
: ! m; ""w -ttt iy s -“.u.,i. = .‘v...w.mw‘,mu
i~ it i Pl | £ i) i ¢ % 53 ()= sri (7' cly pi S fo = -
- _ _i bt yp# 14457 W EERGR
.v 0 2 -y ..ul.T..."| ) o T L\—la...l;.n = u...” 5 152 o
by ® ..,M. A e A o)
¥ b > .T* ‘“.f..“n.r il . = e T
N o et 5 el s o S £
: 4] stk G Ee R
= {3 ]
958
|5 e 2% £ L4
o R R et
1] wll 3 = h .II-‘
s i ThE 5y
o 7 i ”ru.wtllllw ) .w...
U P - B I R _» T 2 4 e
A m_ i N 5
gy * T o
"o SR 1 2
IR P> RAR 2L hinanikest _.
o N B HHEE et - E
; Sot il AL - &

———
i
&

CuGhS

i)
P
“f‘: :.

£
o

A

e b

)
N
o
oy
|
|
T
1
T

R

'
T
i
V¥
i
t
|

1

|
l
1
e
I
1
.

Al B Jl.....-_...f.a- nrdins.
| :
i
|
|
T
i

&

(45

e
&

N

s
E

|
od o8 s sema—n—.
Y
i
i
if S
'I|‘
oG WL
U |
z'vl
!
g
[ B §
+
:
Lot
Lt M
BEE
Ll
1
+
T
'iT]_

/_{;
]
}
i

rLe
i :.:L'...
|

1 T T
\ i oy S EMER SRR i ERUEEEE SRS Sty
2|~ o..ll 1Y st e e LR ..m....u.‘.k....nw.,-i,..._l..i_yvn.. 5 6 O B2 o e ot D2 -M
z .Q: NEEREAREE 1L RAECHERNNGER Ba EaECaEas
P e rHETH T SRR BEE SEnasnRES:
m 2 .3 R s * 1 *._ o .miw _ ...T.“. = anm. - * - ] ._. B 1 ==
o 1 o | § pe = - i
w H .
3

e fanipes

I—

5 = ok SO T I (e U e B R £ “..
3e | L. L P : RERERTESEAEE Ry
3 S o= ke &l 5o - | B b oy “.nn‘.n..". =3
o a|<T 1) MV...I <2 L2 o BB A BN cESEsRaRESa RS e EE
Wiy N R . 7 * e ; 3 1o Bl s 127 SSCARERE
e D 7 B, i : o | = 2 o 2| By o i3 22 e o %.. : v _ 4 b o e e i
i> CRvi i 23 > =15 — £3 = = 3 H i r 14
cho R AR * = Gom A ERE 1:H S0 TR S o
53 o B S 5 R R - jeed : B4 o B el
a - . o /. l i ..—l:ll 1 _ i o e B
;2 A s N R T REENEERREETEESE i mERZEZEPNR BRI
o .v,\_ PB N ; s P S RARERE Ll TR EREL 1
3%a ! .w, G0, b i H 1 & e i g 2 2 6 G o T.,.-_._-_.‘.”“%. ERS o3
S P T R O L L
ni i _ 1 o a H i 17T | o0 1 I 0 1 0 e i 8 m:‘.“.m_" L._
o 1 .“- .T.. 225 { 7o) ! ! TEEE ] # A B RE 0E 2 Bk e
£ oo _"_.”.._ S gl B Gl e e 3 H _Il ..m. I 3 (% 0N A R SR E Sty ek n 4 TM. 8 tli_l
H -1 Y - =3 3 o IrLawA,.. S Posede 3+
REAS RN RES R L SERE SRS S: --Ts“i
3 : el
e 1 H

i
-

s
\ !
e e i e el i e e b e 8 e st

i
s
:
PR
,.

1
.

it L

R s

[

goram
B e e et s
4 ——pes
B e ]

Y e
|

4
]
==
ot
|

2B
1}

e
a

WA

|

B R O e e
T
—— - ——
e e d s s srres e —— - b — ——.

IS Dl ERARRE

T A1 R

e R b SR . ! PECLE RS

. RRRARRRAR N TR L D
iitioii!idii RN ;@_mﬁml
_:P_w_”:_ 4% :__M,:: Lo i
shEREERLEy AN SRR Pk EIT Rl

“ " - i R . __ '
E_:._.:_T Eab dub b AELLETRaN R




. HSER 5639 3"
: I’ ...__.Hw-ml_ SERmi __:. ? LA R EEREREDPESS .‘.._._ﬂ..H_;_R_ucmm_ {
5 3 el 1 = i H “ I _m. = v : . H
ENEE LR b | i
CESSRERRANSENERR ap e T m_ il
T T h e L
S TH - ._\ #Re| m PLELIE o audh i &
i i N ERDCRECE G SR L EEE
iR i AEEo A gl * i Pl SEEH Ak
S e o S O O S S etbangimy iy =1t S 1. il A : i . M ol BB B el
T E T THE p ErERT
: 381 B SEESR N a3 8 pocta
SRARE B _‘ﬁ ERE REE b o g 20 2 mv Pl 8 = =
T TTRTHa Tt =S BESEEcE 22
akAglin SRS = SR AT M S
e S S s } el 1 5 ot st ]
T FH 1t A HF R A
LT L1 A
1 5 (ot 1= o o =3 s e 4 S s
° BEREEERES P NEE
NEEGENN s
8 i o s
: 7 i p et e i SE
i e e 5 shi 3
N.. . - = e
g Seliiel .A1<:ITP1|W»....W, o
ﬂ..._ = - 4 i ] =
MH PIREERES S -.mr\u_( MT
u? 7 =N - l..q\.n
g’ E i - T
2 J S AET R REE Ry
Ml o
< Bt Ih S ETI T
SRR VIR ERENREREE ﬁw. A
£ e B # 4
" : _ Mﬂ BB cgan H O T
{ MRS RSN E NN REEENENSS P BNy aEs -
- al i .aﬁ;l.: o f IEEEEnaE mﬂ_mwﬁ,; ERRER Fren
* ERCRORNSRRN R AR EEndEnal - Rap e i
& s N G b e TR R 2A0 BEiE BEEET
: e s L T T ARTTE g
.8 o & 5 W._m,rt..- AR .L.WW”,W,T;”? b e
b1z "mur,_fu_f Tt T ER L Fi §hka
Z, 0 k] ..Aulj R orel ..w...luwisvl e R % S =R B s ¥3s Siabgie)
M“H ”V“/ JL o d : : .WW SRR R .J.u = r..w.‘ * _d. i =
Lio i ACHE ARENE S EARS R Rt SSEHEE S
“u-.n.u e il “ ! L .l.l .5...I..W_r. m._.! ﬁ...\ .#I..lfun -n.“l_r .H ¥ - _ Z m iw-._.q .
35 i AR INRRE AR R e L @
e 57 1 7 { x [t ’
s { et L AR T " iy » EEEn GRESHE gl
¢ o i IS s f : * L5 = i -4 __ SR Bl
" . . H o U O N R N O A M o Y (00 o
N 2 “i“% HREEY: toRRdRERRHS A L“...r.:
z T : e ] -4, et iz g ¥ B B Bt B
ot H T PR AT T PR H R
i 1908 e A b * At b o5 G U8 00 S ;_ et _ foid
; SRR EREREE SRR RN SRl AR RN RS AR & o S B
algrid "L~r I hE _»__ ~_ [ i _ —r“_ i gl i & Ji
S B e EE S S R R RS § : EREEREENACELSAERRRES NN S CH
it i i [1IR: : EEEEES ”._._MTXZT_TX
T T T e T EENRRREEERLL
b_,_.._ ~ ._,.““_;.”“_r...»._" i _ i :m.p_m."w-__,.__
A B ) i BT L3524 i L . b R
Hsa NN R R
apfiavititrttbbigbgt *, R i S 8 0 T 2 e s S e
TR AT ARERREN EEuRA ENARY I
EAnT 5% s ! | i : 13 bl X : i
SLARERRI RN AR AR RR Y (AR T | g
P il it 0N ] D TR
RECCRRILSaRiNRE m :“_em; ]
Histihitis I TR
IR L
Y 58 B0 L2 e B S ..uw.» oth _ _ lmi ._:”| ...ir ..-m.r._-.d«.m _.“L
e




EUBENE DIETZGEN CO.
MADE Mo, oA,

Y
L KR
- v

NO, 340-L410 DIETIGEN GRAPH PAPER
SEMI-LOGARITHMIC
4 CYCLES X 1O DIVISIONS PER INCH

lf‘\

e

S LA PR p e

<
|
e

-y

bat® fa § S

Y

-
¥’
i

)

4y raae et

i |

i Hate 2o o o

B

. HSER 5639

Figure 4,3-12

VOLUME |°

4ﬁﬁl_...

_!._JJ_J. :

1

EEUBLRIBRINNG

R |
o

LS

1

!
|

o

=
b

TRAw|
|

]
i

b
Bl (.-} L
| L L
- —_—tl
i i

1

=
-

b da

R LR LS

ez

QUENC!

ARl
d|$



http:SEMt-LOCOARITM.IC

Hamilton
Standard

DIVISION OF UNITED AIRCRAFT COMPORATION

o~
P )
!

ENVIRONMENTS

Ax
Ay
Az
T Gx
Gy
Gz
Ax
Ax
Ay
Gx
Gx
Gy

TABLE L,3-1

Table of Figures For
Reconstructed Total Environments

CO-SPECTRUM QUAD-SPECTRUM

|
w

I

.

1

.

U
5r:‘k‘.rwwwwwmmmwm

°
U
L]
|

L]

| |

L]
WwwwwwwwwWwww w ww

B

L]
L]

[-]
(] 1
rFrrrﬁr:rr
] ]

I
-
L]

1

L
1
L
1

1
FEEFWWWWWNORONDNND R
]

L]
1
1
ANFPDOOOWFEFNOOOFEN O

WWwwwbwwbwwbwwwwwwwwwwwww

.

| I | ] 1 ] ] 1 ] ] ] 1 1 ] 1 ] ]
S

1]
I

IVTW HF WO NVVTW HENO IV W HA\O O—= W

L
L
i
L




F—— i

. HSER 5639 g
: . . VOLUME

e eemn o

|
i

3--13_

.
LR e, S .

Figure 4

|

l

e T Y]

et R G

—




—

7

5

4

3

e

I
| drsatmppursion

Al

4

67601

S SRS

5677

=14

o3

4

A

igure

Il el L

SRR NERI s &

=

i

e e

<~
’ ;

e

!




o meas e ——

it R I

57391

158
).

____\""\
e
PSO

i

o Py

z

: F:CEQC:‘/a

RS AR
r

ES T

Bl J 1 e

s W N

5

e TSGR | —— -

s i e I o oo




B e

b vy

3=

Figure 4

=

FES R

Tt A

HSER 5639
' VOLUME |

s

M T s = B 13 ek ) R O

B R e

2

i

o@me e 10 o

g S

-
—

/




HSER 5639
epot  IYOEUME L

T aprers
P

)

esa.
8.

Il st alis ol

WSO T
=AW 2N 3 «




=

EC)TL S7Ek

.;plll-\_..— 2

(oea/s

£




cwbrant el LUEN UL,

MADE IN L. 8. A.

SCMI-LDGARITHMIC
S CYCLES X 10 DVISGION | PER INCH

A 00O NDO-

W @

W

v

HSER 5639

Btk e ae e a f e

i <0.mﬂc§m |

RER IR
£ 85 B e

At
5

= 22 -+
. - { — 1 X

= e = - S B e o ki o e

3= = g e o = —=F - b

— — =4 e Ly - e =1 = S
- — —} —1% = e = - -
= = = ot - g = = oe | SR
= :: - = — — o o =

= g i e ~ -
-1 — —] B 5 = ) 2R A S 3=

|
|

w

A 0 ONDOD b U1 O NDOS

L2006 NOO-

|

1
4
|

i

|

A

|

0%

e s ol
O H SPEC e UN.

]
e

(a
|

II
Ll

11

18]
T
s

BN FREEINI

S2RgE im

3 + e o
EREas =}
B B
] N

i

b
ot

0\




& e NDOD

MAUL 1re . k., A,

PER INCH

SEMI-LOGARITHI (L

5 CYCLES X 10 DIVISION

HSER 5639
VOLUME 1"
ERENEEEE:

=

W

N
20

3

i

Figure 4

RIS

‘s t

b O NDO-

W

1

.“14_7...

f-i'

b 0o NDO-

!['T

J
i

i

{
A

i

e
i

m’

ff

A U 0ONOCOD

(4]

b 00O NDO




= : " " s = = e R » X

: HSER 5639
. 'VOLUME |

e S

1017 - :
Olml ..LIII\\T Tﬁ\ *. Bz cs el b % =h h Ll..u““ b I 16 e 8§ g
= Bl.lw.c.m.l = i I.m.‘ .I_.l.ft L Po R B I O e S B el ) T L = .T‘i.l. .I.“. iy e G
7 7% TS B R S B -u‘.wn I.lel G 6 I O B 8 T T B N D i 05 0 v o
8 3 o JLI..I_.:..:-. = 80 e B et ESNEcS R {i._..rm..
i i A SHET = S T
1) 3 b o 2 —fpod 3 g | 1= : 34 £ 3583
SREREENRNEEEEERUREAL T T
5IIL..IT|I|T - .|_||.!‘HH\r1|.L P L e S B0 S B ‘W‘\M m. llmﬂm
EyEpEE SREEE E : i o= i3 =
= i = Oh S LR i s B i an FIEEIN o I =
a== mes s s B ;
s =R <, =2 = = ' — B TE] = TS
== S = t!_ll . = 3 S o= = == s o e o 2 o
SELEESom e ekt =L e e
Y S R s S ESR BRI & EEEEEEEE
CoEEE e T 8 | e SEEEESSERESE
b~ . = -ttt 11
e ll..ll 00- - -+ttt
<+ - ]
i i { R
0- 3 m ¥ H == = Q——+— Il./
: E 2 == STESE
s} Wb 2 e
b = m ot = =
e =R E= E
5 - |,|.Ju e
4
3 E

MADE IN U. 8 A

EUTENE DIETZAGEN CO.

e 2
2 = =

A O eNDO -

BEMI-LOGARITHMIT
5 CYCLES X 10 DIVISIONS PER INCH

©

J40-L510 DIETIACN ORAPH PAPER

NO.

b 0 0O NDO

-~
G - «U
&
i :
4 3+ = Ll
% S e e i e = SIS =
BRESOE, 5 o .
2 — —- —
ST v o ==
S 5 =
[ S o ) 0 1 o R o]
] - EE
o . £ B & @l i
g O




HSER 5639
'VOLUME |

g
i
¢
i
]

A 7o NCOQ

7]

UL TN
L8 R

2 BRR

i

MADE IN U 8. A

EUBLML Wik i ddbid e

e P 8 O

i

] =
: -
3 -
x
4 & X
: H 3]
P m
14
Eab
=0
e
I
L <
NT..M 8-
- -
7 jle= s
2go
uJa S
=T
2
J-._.x Lu.
u!m
.Munlh%l.!.llld‘
5 >
< Q
AR 4
o
4
hY
b
= -
w O
! —
!
|




EUGENE DIETZOEN CO.
MADE IN U, 0. A

..

NO. 340-L510 DIETZIGEN DBRAPH PAPER
SEMI-LOGARITHMIC
5 CYCLES X 10 DIVISIDNS PER INCH

- HSER 5639

& Qe NdROD

B B S ) R AR R R 1R S

'VOLUME !

3= - - mh ~

== = = B e

= -+ = - 7t 53 et i e Yk E s e =

= = ol st 25 e g = et B e e Lo
tE ¥i—.| -

A 00 ONERODL

w

A OO NODO-

)

Vi

}-;.

;H}

14

._i_..OOO. iy




CUGENE DICTIOEN CO,
MADE IN U, B, A

GRAPH PAPER
SCMI-LOGARITHMIC

S CYCLES X 10 DIVISIONS PER INCH

NO. J34D-L510 DIETZGEN

A O 6 NREO

T
i1

igure 4,3

PITT

0 oONDD -

b

I
ew

LRELELF il

HRLEL

1
TR A




HSER 5639
5 VOLUME |

Jm%\.‘.\ S E RS I'.-.JJTJﬂt B ik 5 5 A I i 5 R 1 O 0 O 2 et
=2 .“. i

-

2 R o NDOO
R I
1
t

L —f—ff- -} - —- r.‘\LJJ‘\‘1II."‘ Mll ——— S et SR S S —l ]
B R 52 15 1 ! 3 s Foas

: tpoi N - .
Eriit i i Vo et ! ! i e 2 mT“ ! 4 = i =4 a3 i1
- - - ot e e e e e e do —— 4§ =ttt —— —+ 7t —f — =1 =
i T 56 EeEE S L EEL R e
05 il [ 8 % 150 1 Eeist) o SR == o I B L ] i : st oty
| ot 1 253 o f o I o 25 o0 o R 1 S O 0 O SR O B8 =% 3 308 o % 105 7 ek B 5 TS0 08 5 5 o O 3
abE i : i kb & | =3 =
SR = 3 T G = + = Sopey = = SRR RS
S e S 2 = i RS Bt b ERE
i ey e = o g o A e 539 A = gt ot g 3 - = s = i e st e S B g S 3=
% S s B SR LLL‘ e s »7 S o El S S T L b= Iwu*ul = i S S 4 ] 2 o e ] s £ o ] o 8 s o
EEEsEosccecpssmEssccemcs Rl pRaseences SESESessEE—cERNEERe
S5 0 e 12 198 58 D1 0 e o 3 P B e 5 o o_a st 7 1 R = i o i e 5 i 1 et
&= ] = = 1, e R af B I 1
e -+ 25w o el ) e = 0%
e pt = IS S o§F+ s o [
. . : 1 HET = = =
SRS ! S
- = bbb
: = = e =
X} T = F. = ==

|
¥
“
b

il}\ |
|

A 00 NDO

N=S===cs S

111
LI

NN
|,‘|\

T
]
i

MADE IN U. 8. A,

EUGENE DIETZOEN CO,.

b U O NOD

]

A 01 O NOOD =

SEMI-LOGARITHMIC
+ 3 CYCLES X 10 DIVISIONS PER INCH

W

NO. 340-L510 DIETIGEN GRAMH PAPER

co O
>

_lll. .—

b 00 NOO-

|
[
i

L
|

Tt

2

L EG/S B

BRERIRELN




e

~

ol A ekl g e Ria i b e X S e 2y y s
HSER 5639
7 | VOLLUME |
or il 4 T o o L 71
i q m 2 —\nn
i
& T
5 i 5 T
o : =
4 = A=
g :
F
L]
H
1} =
& i
5 H
7
6 SEs
m." + =} ...ﬁﬂ
| )
o B
o
zd
W 3
aomn
N .
3 1
-.h__N .
ag s
W =
53 £}
8 Y
| 1=t | 5
o - 0 E=
= GE
7 ML
a..p.s..P."u
119
= s tC -
4

NO. 2340-L510, DIETZIGEN GRAPH PAPER
SEMI-LOGARITHMIC

5 CYCLES X 10 DIVISIONS PER INCH

I
Y

E

@

1]
il
it

ATUR

;

e

A

il

HER

A O NODD -

b 0 ONDOD -

W

-




EUGENE DIETZGEEN €O,
MADE IN U, B, A,

PAPER

SEMI-LOCARITHMIC

HSER 5639
; . . VOLUMEI

-

b 0@ NOOD
{
{
!
i
I
!

..r;.m .M. LIF,MM
;
7

A
ok

w

= : e e e | ) v

= S e e e

i e Sl e e e e
= = e R o ) 2 e e 1 J|H..T\|nm..m“_.m|r1xx EESEsEsEas £ 8 e mEBaE s

6 8 i i N i 5 [ =2 o 5 3 L I e R e

=6 iy 9 8¢ 1 I 4W|Mw o s . ..!W_HMH.
: : . -H Iy e
=] : oNa=] v
8 =
= s
. EEEEA S S SaE
m H” II.I\ MiHAwhqlli —t
4 = =
# §sEss -
N = B

- =hEty
= =% maim P

LT

b N O NDO .

(4]

A U 0O NDD

]

0
+
iy
]

”ﬁ I

T

& CYCLES X 10 DIVISIONS PER INCH

NO. 340-L510 DICTZIGEN GRAPH

AR |

(X2 7

cY

B

IBREBRAT T

"o NDD

3 = = == —~—=
S o e e e e e e i
b=t S s e A AT e B
o e 3= T o e e i
s e % =
b & b —— g = —4 —_—
—4 IM‘ =
- s g




EUGENE DIETZGEN CO.
MADE N U. 8, A

-

GRAPH PAPER
SEMI-LOGARITHMIT

5 CYCLES X 10 DIVISIDNS PER INCH

NDO. 340-L510 PIETZIGEN

1E
-} e :
b5 -
7EDSn= ==
6y s S
- w‘m vy h....!l.m
Wa.lﬂl M\. o M“H”..l
3 & |;|ﬂ. 1“ln
s s o H.Lh
= ==

o

I

W

NDOa

-28

3

Figure 4

»
;

T

I
Po)

b 00 0O NDO -

i

T

{ 5[iW !

A B ONDOL



http:i{.Ll~jjI.1I

EUCENE DIETZAEN CO.
MADE IN U, B A

SCMI-LOGARITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

NO. 340-L510 DIETZGEN URAPH PAPER

b 0 0 NDOO

]

(]

A 0 G NDO

S 01 0 NDO

5]

b 00 0 NOO -

]

HSER 5639

| VOLUME I

i

3-30

T10ES
it
.

1t

t

Hir

Figure 4

LEER L0 DEh T it

i
i
|




EUQENE DIEYIOON CO.
MADE IN L. 6. A

J40-LS10D OIETZOTN GRAPH PAPLR
SEMI-LOGARITHMID
5 CYCLES X 10 DIVIEIONS PER INCH

HU.,

prl”
0o

- .

& 0 & NOOO

W ]

W.

A O NODD -

3-31

-

HSER 5639

” <orc§m

1
HE
;
i

AR
ESESR

TH

i
m
ﬂ

Figure 4

5 U1 0 NOOD

flisiee

b 00 & NDO =

B OO NDOL -

4]




EUBENE DIETZOEN GO,

MADE IN U. 8. A,

NO. 340-L510 OIETIGEN ORAPH PAFER
SEMI-LOGARITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

& U e OO0

(2]

W

P ONDO

]

A 00 NDO

~

i

7‘.{’46_ 4

1
i

T

s

A 0 0NDO

L 0O NODOD




B. A

EUSENE DIETZGEN CO.

SEMI-LOGARITHMIC
£ CYCLES X 10 DIVISIONS PER INCH

MADE IN U.

W

W

L

TP

I

T T

A U 0 NDO~

010 SRR DR it

P U ONDD

1-.
“"T ui_.

|
it

b

1 JUEk
LTI

EARE [IAIIE

GERNEE

i IJ__Lv FALH \;:‘

T 2




CUOENE DIETIOECN CO.

MADE IN U, B, A,

|

DIETZIGEN GRAPH PAPLER
ITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

NBO. 340-L510

SEMI-LDOCAR

n ,f" )
¥ Vo
3

\‘-:)
0 0 NEO -

Vi X

e it e

HSER 5639

VOLUME 1

b O ONDODO

5]

A 0O NDO .

(4]

b O NDD

W

A 00 00 NOOD

w

(-

»

i)




EUGENE DIETZOEN CO.
MADE IN U. 8. A

i
HAR |

NO. 340-L510 :DIETZG[N GRAPH PAPER
SEM!I-LOGARITHMIC
S CYCLES X 10 DIVISIONS PER INCH

ol

10
"'lv

-

L 00 NOOO

w

)

EshaLE

i

VOLUME |

2 U 0NDO-

. ]
RERESE TN

Yyt

11
J1
11
e




EUGENE DIETZIGEN CO.

ND. 340-L510 DIETIGEN OGRAPH PAPER

MADE IN U. 8. A,

SCMI-LOCARITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

A & o NOCO

©

2]

WERSnEREsesAtal

A U O NODOD -




EUGENE DIETZGEN CO.
MADE IN U. 5. A

#

NO, 340-LS10 DIETIGEN GORAPH PAPER
SEMI-LOGARITHMIC
S CYCLES X 10 DIVISIONS PER INCH

e —

: _Immm 5639
_ VOLUME |

o
o - A _: o S i
a ko o o 1 6RO I +|-a..m-.:1i| = i i
> 1 B NN AN RN
- = i e 1 & =15 Popg i m
. e i Lzr R ESEErEFESE e mae
e : : e
) =1~ =it E H == HH
: BEREEEEE S I ERE RS E
af ; i EESSEIESEE
it jESECE=ES S55E-RoEEsss
af = nn.._.lu e e .Hln.uwlh -
= e g = e e i s £ et B o e HIH
£ @ e e =TEEz rm
[ S % £ 9 i e 9 e I R s ]
& ]
g 3
= =

it

A 0O NDOL

14

i LT

™

T

18
g

T

s
i

U 0 NODO -

&

ity

ERRLRIA
il
+-1J{‘ i

ﬁJ :

%
L

Lo NDO -

@

& U0 O NDO

W

s

MR R
1
T

T

o
|
i



EUDENE DIEYZIGEN CO.
MADE N U. B, A,

1

240-L510 DIETZGEN GRAPH PAPER

ND.

HSER 5639

'VOLU
- il L3 : : = SER N g 5 L i |
— : = B i | i ! s { 1 ! 2 { | = % |_ I __m
.. i EEERS P : H : i .., i 2% T 3 1 It g 3 1 *_

]

3

Figure 4,

("
Lkl

il
i

i
i

L

A 0O NOO-

SEMI-LOGARITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

W




S ————

8. A,

EUBENE DIETZOEN CO,
MADE N U,

BEMI-LOGARITHMIC
5 CYCLES X 10 DIVISIECNS PER INCH

NO. 340-L510 DIETIOEN OGRAPH PAPER

b 0 NWOO

HSER 5639

VOLU

RS T e R |

. VOLUME |
T

A

Ii!ﬂ)fr!].

|
i ]
e}

g ]

R
— et
3%

-1 — RN S5t (i N 8 T GG N (N R 5 S A i i e e e s 1 e £ e e e b e ot S el th 4
ap= G i
= o 20155 1 gl )
3 =@ - S o = ] %
E5E FEEEEY S ECRNRER e
N,]r... — —r - h |.H P oot e e = wlg 1
1 R et 1t 0 3 - =f EEEE ma e
= N e = e e S B T a2 o EEETE =5 T 1=
R W R g o R . = 4 W ey s e W B = i ~
Ee i o B S B nEE B9 o
o 5 o g d 32 B S o
H = il 70 AT O A BE e e -
Da . S = F = -t -]
R e IBEE ERREpEs
r..HIWI.m = rﬁl “ = 3 .“. % m
M ESESEESSENE ks ESS=ssemmsExacs
== : P ~ = St g e
EENEEESNY 1 : = =
Vi L LE =
=S5B5EREs
u e b Dl e R
= = =~ ..I..IHHL an
u.ﬂ. =
i 5
=
a8 =
x =
3 SEs
sk ERE
o
4 X
~ = MM
. EA
=
: : ——t=
e 5B T
i = 35 g
- = + . lh
=i : =
o~ : , i
Al e
” . . - - i«

A M ONDO

o

e e S

S = e ey g B
e
=) i

A ey T 1
= b |
|41




EUGENE DIETZGEN CO.
MADE IN U. 8. A

LRAPH PAPER
GEMI-LOGARITHMIC

5 CYCLES X 10 DIVISIONS PER INCH

NO. 340-LS10 OIETZGEM

D

b 0o NODO-

"

: HSER 5039
VOLUME I

T i TETTLL
4“: I BU SRR AR
by "3 2 m ~
% T -
2 =k t.%
- i 1 EEEIEC
5 . EENELEEERE!
2B S
i

W

TTHH:}!;




2 o " . .

HSER L03
£ 1
[T

54 431 !, izt = 3
e LT

.

i
aede
1

T
VB4 BE b
|
Crree
S U

+
|

BERNEE

e -I
T
' E

B ot 0 S SRR MmO

EUBENE DIETZOEN CO,
MADE IN U, B A,

SEMI-LOGARITHMID
5 CYCLES X 10 DIVISIONS PER INCH

NO. 340-L%10 DIETZGEN ORAPH FAPER

w

b U1 ONODY -




EUGENE DIETZOEN CO.
MADE IN U. 8. A.

NO. 340-L510 DIETIOEN GRAPH PAPER
SEMI-LOGARITHMIC
S CYCLES X 10 DIVISIONS PER INCH

b o NOOD

1"}

A 0 ® NDO -~

]

N

W

HSER 5639

iel LUM E:l

H-- TR
e FERE R T NN REEI GRS
i S bs ¥
R =t
SELE S £

M

UL
1it]th

3-42

.;m

Jr 1

1

W

& 00 NDD -

S 1 o NOOD -

Figure 4

lelsnl

7

.

i 1
i



http:UIL'I~.Lj

EUGECNE DIETZOEZN CO.
MADE IN U. B, A,

e

NO. 340-L510 DIETZGEN GRAPH PAPER
SEMI-LOGARITHMIT

5 CYCLES X 10 DIVISIONS PER INCH

HSER 5639

" | YOLUME L.
353 2 o) G i 5B

i VA H - G

I ) (S N N —y = —— S e o = e -y R o

z HERRERE N SCHEBEMRATES B 5%
i =
t

CEERRBERES SR S Ao n AN

3= < = e S = G0 Fe 8 e 1
- $ =
a nh L - - - 38 Dism i = = -4 SR
I‘.m . T S S St 3= iltt..wllq =i ‘llMJM 9 == = SRS e
s o e o e e 8 =3 2= = - = = - = =3 &=t P == = S o o s B rme = b 1= P e e e e e e
=== S5 T3 net O = =1 = ; =3 o b o Hm.! P e i e e e e e s B o o o o e e e o
o o 2 7 s i mm e = 5315 et A = . = i s (557 £ S W 0 S
H_M.uﬁi SR e e o s S e R R e e N
= = I L T D i i ) B O I A e e S 3 e B 2 8 ) 2 £ 100 B e = % e 98 B2 6 =
—+—+—-4 +—1- - ——t +—t— —_—— - "W e —_ — R —— - — 4 ‘o SR .
ey = g =5 3% 6 J S5 N e O S — Y 0 T%DWLHH
{

|
S e

Figure 4 . 3"‘43

b 1 0 NOD

M.rl\l et = [ - =
== ‘ S
= ' et e = S L R S S S SR R e
= - i =E t = =t SR
= e == i i e EESSESESE
=t : I . G5 5 E
i S SEE =il EeREE = = =
: = e = S Eges o
EmmeC oo Ens e M e S e S EESEEREEE R e
= - ==t IS e R e o B o e il ] S (ot s [ i sy o e s o S = = el
h» ‘\T'.‘.VL. r\|| Mvhllf\‘ - paw G pp S o < e - == 35— 5 G e - = o Ao ey GrFe S o i et hid Am
= o e TS e 33 qum:h e e e = = e == o — ey
D Fas e il = o e e 3 B o = e 7S e o S e e (e it S
5 anlu e EmEEEEER Semas SEeE
Eaa= B 0m 18 0 (I S A el i i iy S GO e T e e RS U W A 38 550 P [ 1S o I T (15 A S
=} 723 oo S S =
b— +—-| e s e - r—
= = 1 2 0 i L 5 =
L1 | : o 1]

N

i

T

"

+ Hl
bdHTH IO

A 00 NDO

]

|.“m &

=ETL

S-REs=s: HESeRREEeREREnoEEnagREs) i BEistan . pHEossanens

ESERECESEEEE ; BEEREs===c=cempcaapEEEE= == SecREERES

e et 4 Lok ] . EE = SR - R PR =

: e - o 8 o o o Lo = s 0 o g o o o e e o

I.xmuuna = s _W,_.LHL s % m .M 5 muml-wuﬂ WIN. 1H.|1|ifm_ﬂ- e EmemEmmEmEe

Ta ErERTE HEEH O HE = m.o. -,mJllwwnl--Tnyn,.m.lhul..fll i

LN R A R B EEEAH A g FHHHTEHEH
S




340-LS10 DIETIGEN GRAPH PAPER

NO.

EUGENE DIETZIGEN CO.

MADE IN U, 8. A

SEMI-LOGARITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

¥

-

7]

W

o

HSER 5639

FIiin
jREYE!

|
!_,

il

il

|

PEC TR,

‘A 0 0NOOa

b U O NDO

U ONODO

= B e

P05 8 0 4 s 0

450
R

e




g
(4]
z <
:-
oo
N,
2
_—
"
W
3
a
a
™1

-~

NO. 240-L510 DIETZGEN GRAPH PAPER
SEMI-LOGARITHMIC
5 CYCLES X 10 DIVISIONS PER INCH

A 0o NDCD

®

W

& l.thlﬁU.-

W

HSER 5639

VOL.UME |
NN R

i

4 i
—— 4

3

¥ i
5 B

& 00 O NOD -

2

T

|

yuE B

s R e E R s
e e o o et gt o o o ot o g

lf\
=t
il

1ol

A 1 0ONODO

l..-—"_.%T._;‘.‘

FUEEE SRUSE B

3l
11

~




EUGENE DIETIOEN CO,
MADE !N U. 8. A

SEMI-LOGARITHMIC

NO. 340-L510 DIETZOEN GRAPH PAPER
'CLEB ¥ 10 DIVISIONS PER INCH

A M ONOSD

W

b 0 0 NODD

W

W

-

i
=1={-1% w0
25 | s
Tt = 1
s e o™
1 s .

[N

11t

T

Tt
T

T
LR S REY FE 01T IEH i

<t

EESEERansa e
4 444 Bo
= 1 = &

E |‘\|Jl .I_ =
Saeas

i

s

i

e

f'fi

Gy

"'_m |

TIORE! S

T,
el
.

:'l‘
g
I;L!UT

|
I

ll
|
n
Hi
1

of

!

...-{—|
.I|.
T

D U ONOD -

T

i

a0

i A |

D, ]
< .

1 3WNTTOA
6£9S ¥3AS

oy




-

NO.

340-L5)0 DIETZIGEN GRAPH FAPER

MADE IN U. B A

SECMI-LOGARITHMIC

s c'ﬂ:.( 10 DIVISIONS PER INCH

n"_"

»

A 2=

N

-

5 a2 N0ood
!
1

LETE]

3-47

4

Figure

6£96 ¥ASH




BN S NS

.« |VOLUME I

i 6

48

3

Figure 4

A U O NOO

A
@

MADEZ IN U, &,

EUGENE DIETIOEN CO.

GEMI-LOGARITHMIC

5‘1.::3 X 10 DIVISIONS PER INCH

N

NO. 340-L%10 DICTIGEN GRAPM PAPER

J

4 }{D

i
G

7

i/




DATA REDUCTION FLOW CHART

36 Low Frequency

' Sensor Output
Spectrums

36 High Frequency

Sensor Qutpub
Spectrums

Calibration Data

From 6 Low-Frequency
Sensors

!

U

Transfer Spectral Data to Punch Cards

U

U

9

Reconstruct Iow-

Frequency Inpub
Spectrums

il

Reconstruct High-

Frequency Input
Spectrums

U

U

| ‘Calibration ﬁata
< - From 6 High-

Frequency Sensors

Combine the Low and High
Frequency Spectrums to Get
36 Continuous Spectrums of

Flight Environment

U

IMU Sensor

Sensor Error
Coefficients and

Lobp Parameters

Qrientations }

Dynamic Error Analysis Programs (

Accelero-
neter 'Errorq

Gyro Errors

JINOTIOA

8%~¢°* ¥ 2Inl8rg



Hamilton
Standard

VOLUME |

OIVISION OF UNITED AIRCRAFT CORPORATIDN

Ho

5.0

STRAPDOWN IMJ DYNAMIC ERROR ANALYSIS

IMU Configuration

The evaluation of & strapdown IMU operating in the helicopter
vibrational enviromment was accomplished by evaluating HSSC's
Strapdown System for the forward flight condition. It is
noted here that this IMU was not specifically designed for
helicopter applications and thus, it does not reflect the
optimum strapdovn performence capabllity. = Also, the errors
presented here are applicable only to loops which exhibit
linear operating characteristics for the environment, and
are thus predictable for random-type vibrations.

The basic IMU sensor axes orientation relative to vehicle
axes are shown in Figure 5.1-1. The individual sensor re-
balance loops incorporate rate integrating gyros and pendu-
ious accelerometers. Figure 5.1-2 presents the linearized
block disgram for the complete sensor loop. Table 5.1-1
and 5.1-2_ present the numerical values for the gyro and
accelerometer loops, respectively, which will be used for
this evaluation. Figures 5.1-3 and 5.1-4 present the closed
loop’ frequency response characteristics for the gyro and ac-
celerometer loops, respectively.
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Table 5,1-1

LINEARIZED GYRO LOOP PrARAMETERS

Gyro

(besign o, i5)

=25 x 10‘].5 dy-~cm/rad/sec.

=

+6
=1,38 x 10

=

399.

ol
0.
1110,

0.49

2
gn~cm
dy-cm~-sec,
dy-cm/rad,
mv,, . /millirad.

dy-cm/ma,

‘rad./sec.

(Compensation Network)

Ty

T ©

Y

Ty
6

V. 0143

L0

0.00143

0,0

sec.,
sec,
sec,

sec,

100

Kac
Xde
Ksf
Kvi

SAW
Max, T

PISA
= Lho,
= 33.

=, rad /v (mex, range/V ‘
098 sec/ ( nge/V., )

=02,
-] 5°O

= 110,

v I/

rmns

v DG/ B¢

ma/V (max, I/V

Sk

SAw )

Vpeak (Effective)

ma

{Bandpags Filter)

Center Frequency

=8,0 k Hz

Ta L6334 ;'1038 s€c,2

T 1105 x 10795ec.

Te

1,0



yoLume 1

Table 5,1-2
LINEARIZED ACCEIEROMETER LOOP PARAMETERS

(Des:i_.gn Fo. 15 )

Aecelerometer PISA
P = 1100, dy-cm/g Kae = 153, v DC/VrmS
J = 1h, gm—cmf, Kde = 33. Vv Dc/v DC
F = 96000, dy-cm-sec, Ksf = .62 g/V (mex, range/VSﬁW)
B = 1310, dy-cm/rad, Kvi = .62 ma/V -(max. I/VSAW)
Kpo = 10, mvrms/millirad. VSAW = 5.0 Vpcmlr (Effective)
Kt = 1100, dy—-cm/ma. Max, I = 3. 7. ma
Max, Range = 3 3 g
(Compensation Netvork) (Bandpass Filter)
Tl -2 0,0 sec, Center Frequency = 8,0k Hz
T, = (/00196 sec. Ta ,63h x 10—8 seC.g
Tb, = 0,0 sec, T, 1125 x 10'3 sec,
Tg = 0.0 sec, Te = 1,0
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Harnilten U .
DIVISION OF UNITED AINCRAFT CORPORATION

Standard Re

S22 Dynamic Error Model

The strapdown IMU performance was predicted using HSSC's
current error model. This model includes the followlng
error sources:

5 Single Channel

Gyro - Spin Input Rectification
: Spin Output Rectification
Anisoinertia
Anisoelastic
. ' 5 Scale Factor Asymmetry

Accel - Vibropendulous
Anisoinertia
Non-Linear g~
Scale Factor Asymmetry

sttem

Coning
Sculling : =

. The model also assumes a Flight computer with a 50 Hz
' sampling rate with a (sin x/x) attenuation characteristic.
An slternate evaluation using a quadratic characteristic
¥
was also made. Here x = (erf/fc) ;

A .,
N

Table 5.2-1 summarizes the figures and error coefficients
which were used for the analysis. These are presented in
Figures 5.2-1 through 5.2-1k.

The detail ‘description of the mechanism for each of the
. ' single channel error sources will not be presented nere,
3 .since they are readily available in the current literature.
Figure 5.2-15 is a block diagram for the system errors and
. = : is presented here to aid in the understanding of system errorse.

The equations which were used to compute the dynamic errors
in terms of the random environmental spectrum characteristics
are presented in the following tables:

Table 5.2-2 Single Channel Gyro Errors.

Table 5.2-3 Single Channel Accelerometer Errors
Table 5.2-4 System Errors -

Table 5.2-5 presents the nomenclature used for the terms of
the equations.

.

* fc = The computer sampling frequency.
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TABLE 5.2-1
Summary of Dynamic Error Coefficients
Gyro Design #15
SIIP, Spin-Input Rectification (In-Phase) Figure 5.2-1
SIOP, Spin-Input Rectification (Ou'L of -Phase) Figure 5.2-2 3
. IS’ Anisomertla (In-Phase) : Figure 5.2-3
o Qr_o» Anisoinertia (Out-of -Phase) Figure 5.2-k
S0IP, Spin-Output Rectification (In-Phase) Figure 5.2-5
SOOP, Spin-Output Rectification (Out-of-Phase) Figure 5.2-6
4 SFW, Non-Linear Scale Factor Rectification 0.143 (®/nr)/aeg/sec i
7 RMS .out-of-loop i
_ j {
Aq, Anisoelastic - Major 0,06 deg/nr/e? |
! \ PK-TIA-SA 5 {
AOS’ Aniscelastic - Minor ' 0.006 deg/hr/g i
PK -0A-SA o
’ : [
3 B I
AWI-b’ Input-Output Wheel Retainer Resonance Figure 5.2-7 ;
AWO-S’ Outpuﬁ-Spin Wheel Retainer ResSonance Figure 5.2-8
AW} _, Input-Spin Wheel Retainer Resonance Figure 5.2-9 .
D) - |
AW _;, Input-Input Wheel Retainer Resonance Figure 5.2-10 7
- i ‘l
AWS-S’ Spin-Spin Wheel Retainer Resonance : Figure 5.2-11 '
AWO-O’ Output—Output Wheel Retainer Resonance Figure 5.2-12

Accelerometer Design #15

VIP, Vibropendulous Rectification (In-Phase Figure 5.2-13
'VOP, Vibropendulous Rectification (Out-of-Phase) Figure 5.2;1h
¢ IP, Accelerometer Anisoinertia 1.5 ug/(deg/sec)2
PK-TIA-PA
o g,e, Non-Linesr g~ 10 ng/gemis—IA
4 SFA, Non-Linear Scale Factor Rectification 4.0 pgfe RMS ?

Out-of-loop
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VOLUME 1
Table 5.2~2

SINGLE CHANNGL GYRO ERRORS:

SPIN IMPLT CECTIFICATLOA ("’/Af/z Vie TN "‘)

Firg - Famy
ans= 2 fszzﬂ({) G Y (F) kIS » [ST0P(F) X Gy :: (f)xalf]
- - ;‘o . o

Fo
AM IS OINEL T 7/3 o /R J8 S, )z)

Fun
: ww
f%;.ﬂ) ¢ Gy W (1) w5
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wow
#1795 =2 j/}ez—;(ﬂ”a’@z-: (£)x 5+
$o Fa

SPI QT PULT LLECTLELCATION ( 23 / @'/.;-A—“cﬁ% <) * )
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fo £o
: APy ' V2
MDA = L EAESCALE SICTOE LECTLA(CATION — (S/7e/ (/55 ) )
Fses Feer
grase o\ 4 77Ton f;rx G%j:: Ex 7 ()" F # f@z‘_‘:;’@c)x Z(5YS +
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|voLUME 1
Table 5,2-2 (Cont.)

GYRO AMSOELASTYE ( %?fﬁ/(_? °rras ) )
A2TCR

Fu
s/as =2 ‘if .z“S(Sf)%@czy (5 3 ]
'}‘0

AP O

Fron
GIAS =2 f (5)%(32 (:f)aec’% J

A
WHEEL RETAINER RESONBNCE (yﬁ'f)”/ {ﬁzrms} )
Fpn Yy ’
ErAs = 2 fA WI,QG:) #Ge, oy (F) #IE
Fa
B/AS =2 [AW €3 %GCO 5.(5) ¥off
J%
Frn
BI/AS =2 f@w (5) ¥ G ?C.m, (f) xdF
£
Lras = 2. [ﬁwz:-;r(f) ¥ G . (F) xdF
Fo

BIAS =2 f jf:? () s c,; (&*) xF

Fon
BIAS =2 fﬁW (’5}%&& (:F)eeo/ﬁ

[=]
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Table §,2-3 VOLUME

SUIARY OF DYWAA/C ELLOL LQUATVOANS

SINGLE CHANNEL ACCELEROMETER ERRORS:

MUELOPESOULOSS BECTIAICATION [ G Ay / N f‘MI‘ )
S Sy

&/AS = 3 fvmf{)xc&.ji (x5 + fVOr’ff)Y%;ﬁ (L) xo/§
£a - Fa
BYISO A EE TV [,c,:;: /S'//cfgg/sec/m:)g’)

Foon

Q/AS= 2xq, f@"c (e’) X o E
NOAL RO f (’,,,:/ o / 7 mr-.g')
QrAS = fc; A4 )y es’o(

WO - LA AL T 0 LT In TN (4 7/ Prons) / e p / %
SIAS = o;;:

o A4 W
5 gjmyﬂffx (f)x (‘r) XG/:F +

6 77 o) v 7 (f)zxdf # j—f xG (f)x_?; (£)rds |
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VOLUME i
Table 5,2~4

ERC V/STOL SUMMARY OF SYSTEM DYNAMIC ERRORS

Gyro Coning o/hr. /{deg./sec. rms)2

b FA
wd X -"--ao-rr;G% VE ) +7Y 9 ¥ T2 (6 %72 (6 % (S Yy ¢S gz +Cos ryswCos¥y)
\Vivg

% E-a-% V(o) +TveGe ¥5 () +Fz #Ge XV f;)_J xd ¥
YA H 24

&0
gy = “IT;C%' W@ + T (5 v 72 Cs) (S Ay Cosd, C ZEE)
wdy = aolm JGg X% + T (§)% 7% (§) 2 (Singy Singy +Cosdy osé*%)aéc
W

[ G% ¥8 o) FIx +GRE 8 ¥ L ¥ GY¥¥ (5)-Fx x%&%W;@G% x-c.(a")]-‘fcl’i:
W H g

o
wda= ‘-_.Qtifé-fr% WY gl ¢ T8 Ty () w72 C )y(&w Ye wSin &y +Casyyy #Cos¥y)
W
W
,\,{_I:"’ Gg XY XY (Fy+ Jx % Ge v X () ﬂ%&rx (§)+.Iv¥§»’¥ww@%,¥%(5}—clﬁ
A/ w3 H
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‘Table 5,2-4 (Cont,) 1
_ VOT UME |

LM/ASA SYSIEM . . )
y Axis Sculling Error (ug's/(g rms - ‘deg./sec. rms)); (ug's/(deg. /sec. /rms ‘_2)
’ i

adx = grxs8 fé% 8% (£ - Tay (8) ¥ Tq2($) 72 ()
/50 W .

[ai';;’ C£) -
w

6

AV .
Toe G JK A ¥ Jay #GER(IL N xJsy T2 § WGy Y2 (€)] %
8o P o P H

r _
!’l Cosdy (5) ¥ Cosdr2($) 1Sy () eSindz (5)] +[G<' /jg’ c§)  +
%4

Jg Ax—&g yx' (fs‘) -.'-l;?' %J?;y ¥ Jg2 ¥ WxGC ya (&)\ - [Cos/éy(:f)%
o H .

Siwre ($) - Singy(§)x Cosdz (-F)H - '-9@ Y05 - 7a2(5)
W o

. 2 aw
Ty (§)« Te (%) “,"G% 2y () -'J’jnyc X sy -7 ¥ Ja 2 %
_ —H 78T

Jgqy ¥ W ¥ @.% \;</>“f/(~‘§) ] ¥ {Cos/@% (§) ¥ Cosdy (£} +SinBz (fs“)Swa”y(S)}-i-
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L W H /80 | P M

dg

LCO.S/\?Q- €)% Sindy(§) -SinGa(§)y% Cosyy(s) ]
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. |VOLUME ||

IM/AGA Systen . x . C 5
v axis Seulling Error (ug's/(g rms-deg./séc. rfis)); (ug's/(deg. /sec. rms)<)

m -
a‘d\/’:"_____.....ﬂ’T’"“/":’E ’ffG% AX 51 - 7a als) ¥ Tax (5) ¥ Te2(8) l@z 2x (%) -
/80 5 W W

W
=

. A ww w1
Jgx = GecZ (§)+ rxTaz ¥ Ge xy (§)_ rxJa? #Igx %W%G%\;’é‘ffﬂ ]%
H- 180 ¥ P : 180 ¥ P H

r AW
lfmﬂa (5) ¥ Cos &y H)-%Smﬁg('&)*Swa’x(&)] + {Gc %\; (§)-Jgx % G% 22 (%)
' W H

1374 ) &/
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1803 F 180 % P H

[Cos,é?g () % Sinory (5) = Sinfe (%) Cos &y (§) ] } - Grz Qg (@ + 75‘-)((“5')%
w
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W i 180% P

WW _ wwo
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. W WA ) W
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Table 5,2-4 (Cont.) | VOLUME 1

14/ASA Bysten

5 Axis Scwlling Error (ug's/(g rms - deg./sec. rms)); (ug's/(deg./sec. rms)“)

- QO

Ta - AW . 2 AW
adz = 7ryo’ Exv(%)—/a.x(f)ae@y({) % /e (f)[ [G-%xv (5) +3gy *
/80 . v, sy

L
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/8o P /g0 P H

. : W
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C 055, C5) Sindry (5) -Siny (2)Cos ¥y (e)]

oww
77 ¢ Jay  Jgy ¥ W % Ge XY (E)}

780 P H
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‘vc_)g._UME 1

Hamilton U
TSN OF LWNITED AHCARAFT CORPOHATION

Standard Qo
TABLE 5.2-5
Nomenclature
VIP(f) Vibropendulous In-Phase Coefficient (pg's/g? k)
vor(£) Vibropendulous Oub-of-Phase Coefficient (ug's/& pX)
¢ I-P fccelerometer Aniscinertia Coefficient (yg‘s/(ﬁ/sec}e ok}
4 Accelerometer Non-Linear g? Coefficient (ug‘s/g?jmﬂs)
s SFA Accelerometer Non-Linear Scale Factor Coefficient
(ug's/g RMS)
sTIP(f) pin Inpub in—Phase Rechification Coefficient
(thr}/(cfsec) ok
STOP(£) Spin Input Out of -Phase Rectification Coefficient
/nr)/( [sec)® Pk
LA g) Gyro Anlsaﬁnerﬁxa Tn-Phase Coefficient ( /hr)/(o,/sec)2 vk
s O InS(f) Ggro Anzgclnertla out-of-Phase Coefficient
far) /{ /sec) Pk
SOTP(f)} yro Spin’ Output “Tn-Phase Rectification Coefficient
(O/hr)/(ofsec) pk
300P(f) gyro Spin Qutput Owb-of -Phase Rectification Coefficient
O/hut’)/(t"/sec) vk
4 sg " @yro Non-Linear Scale Factor coefficient { /hr)/(o/séc} RMS
AI-S(f) Magor Anisoelastic Coefficient ( /hr)/g2 pk
AO_S{f} Minor Anisoclastic Coefficient { /hr}/g Pk
AT _g Wheel Retainer Resonance Imput-Oubput ( °/mr)/e® vk
AV g Wheel Retbainer Résongnce Qutpub-Spin (O/hr)/g? ok
AW _q Wheél Retainer Resonance Inpub-Spin (°/nr)/e? pk
AWIMi Wheel Retainer Resonance Tnput® (ofur)/& vk
Mg o Wheel Rebainer Resonence Spin n® {Yfar)/ g ok
Mo 5 Vheel Relainer Resonance Output2 (O/hr)/g Pk
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[ t=t e A

| VOLUME |
a E‘h E EtOn OIVISION OF UNITED AIRCRAFT CORPLAATION
Standard Soe
TABLE 5.2-5 {continued)
JOA Inertia of Sens%tive Axis fbout Output Axis
{dyn-cm/RAD/sec”) :
P Accelerometer Pendulosity (dyn-cm/g)
H Gyro Angular Momentum {dyn-cm/RAD/sec)
fo Lowest Frequency of Spectral Density (cps)
fm Highest Frequency of Spectral Density {(cps)
i Frequency (cps)
TL(f) Input/Output Loop Transfer Function
Gyu(e) Angular Rate PSD of ith Axis in (°/sec RMS)Z/Hz
Al . . s s 2
Gii(f) Acceleration PSD of ith Axis in (g rms)</Hz
Gb%%(f) Acceleration Co Spectrum Between ith and jth Axes in
Tig ) 2 .
(g rms)=/Hz
Géi%(f) Acceleration Quad Spectrum Bebween ith and jth Axes in
J (g rms)?/Hz
G VW(f)' Angular Ratg Co Spectrum Between ith and jth Axes in
el o : .
( ?sec rms }</Hz
G;WW(f) Angular Rate Quad Spectrum Betveen ith and jbth Axes In
qiJ 3) . ; L
(°/sec rms)“/Hz
ch(f) Angular Rate Acceleration Co Spectrum Betwesn ith and
d jth Axes in (g ®/scc rms)/Hz
e
G iﬁ(f) Angular Rate Acceleration Quad Spectrum Between ith and
Y jth fxes in (g ®/sec rms)/Hz
Jei 1th Channel Gyro Output Axis Inertia in (dyn~cm/RAD/sec2)
Jai ith Channel Accglerometer Oubput Axis Inertia in
{ayn-cm/RAD/sec™)
Tgl ith Gyro Channel Magnitude Gain at Frequency f
Tal ith Accelerometer Channel Megnitude Gain at Frequency f
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Te(f) Computer Magnitude Amplification et Frequency f
Y i(f) ith Gyro Channel Phase Shift at Frequency &

Bi(f) ith Accelercmeter Channel Phase Shift at Frequency f
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5.3 Dynamic Error Results

The total IMJ dynamic performence was predicted using the
enviromment from Flight 3 (forward flight) and the error
model presented in the previous sections. By utilizing the
proper environments which taeke into gccount the IMU/Sensor
Axes relationship for each error source, the total error for
each axis was computed. These results are presented in
Tables 5.3-1 and 5.3-2 for the angular and linear errors,
respectively. The total error for each axis is the linear
cum Of the individual errors. The only error which is not
completely deterministic is that due to scale factor asymme-
try, and thus, leads to a predicted maximom and minimum,
depending on the sign and size of this error source. These
results show the maximum Tinear and angular error expected
for HSSC's IMJ operating in the helicopter enviromment to
be G pg and 0.280/hr, respectively. These results were ©b-
tained with a (sin x/x) computer characteristic for attenua-
tion. These errors could be significantly reduced by compen-
sation in the computer for the major error terms which, for
this environment, turned out to result from OA coning and
scale factor asymmetry. Table 5.3-3 presents the system
errors for an zlternate model for the computer which has a
guadratic characteristic.

In addition to ervors presented in the previous tables, the
following tebles summarize the resulting dynemic errors for
different combinations of environments to enable FRC to pre-

-diet errors for other IMU configurations.

TABLE 5.3~k Summary of Environmental RMS Levels

TABLE 5.3-5.  Swmmazy of All Possible Scale Factor
Asymmetry Errors

"TPPABLE 5.3-6 Summary of All Possible Wheel Retainer

Resonance Errors

TABIE 5.3-T Summary of All Possible Loop Dependent
Rectification Errors

TABLE 5.3-8 Steady State Error Coefficilents
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“ANGULAR ERROR ECDGET (deg. /hr. )
Channel
Error Source X Y Z
Singlé Channel:
Spin-Input (In-Phase) ~. 0001 . 0010 0010
Spin-Input (Out-of-Thase) L0017 -, 0015 ~. 0015
Anisoinertia ‘(In-FPhase) .0099 . 0105 . 0105
Anisoinertia (Out-of-FPhase) . 001k . 0001 -, 0001
Spin-Qutput {In-Phase) . =,0013 ~, 0004 . 0009
-Spin-Output (Out-of-Phase -, 0007 -.0003 . 0005
- ~ ' :
Scale Factor Asymmetry 4+.15101 . 1560 +, 0710
Anisoelastic-Major =, 0075 . QOLT . 0017
Anisoelastic~Minor -, 0002 -. 0001 -, 0008
Retainer Resonance:
Inpub-Spin "=, 000k -.0010 -1 COL(
Inpub~-Output . 0012 « 0001 ~, 001
Spin~-Oubput | -, 0024 -, 0028 . 000
Input ~. 0001 -, 0001 ~. 000’
Spin -, 000k -, 0019 -, 000!
Qutput ~.0018 . 0002 - . 000:
Total Single Channel Ervor: +1539 41615 +.083%
. 1481 ~a1505 -.0588
Ay o
System:
Trye Conj_ng - 28311- . ___«3350 e 336l|-
Computer Bstimate of True Coning -, 2Lh1 .3202 .3625
0A Coning by Computexr . 20028 -.1089 -, 0928
Total Coning Error: =,0h20 L1236 L0567
Total Error Max., l+‘.11i9 TT.e851 +.1503

Min, 1901 . 0269, . -.0079

b,
il



Table 5,3~2 VOLUME |

LINEAR ERROR BUDGET (ug)

Channel
Error Scurce - X Y 4
. 8ingle Chamnel:

Vibropendulous (In-Phase) ~.50L -. 069 .50L
Vibropendulous (Out-of-Phase) -, 001 117 -, O0L
Ani.soinertia = 47h . hTh .. 438
Non-Tinear g .199 172 . 700
Scale Factor Asymmetry +.425 4,387 #1,199
Total Single Chanmel Error: .596 1.081 .1.961
t 25 307 - 437

System: T o o
Trye’ Sculling 15.834  ~3,463 ~5.125
Computer Estimate of True Sculling bl 182 1,501 =9, 13k
04 Sculling by Computer 2251 . 265 1,912
Non-Symmetric Loop IA Sculling ; . 212 027 -, 035
Non-Symmetric Loop OA Sculling : . o0l -, 01l . 001

i )

Total Sculling Error: P =9,115 -5,243 2,131
Total Error- Max. | _8. 519 -h.162 L.0%
Min, 729.369 0 T4.936 1.694
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Table §,3-3

- SYSTEM ERRORS USIRG AN AITERNATE COMPUTER MODEYL

L
T(s) = TTs+if

SO ERTIUoT
'WVOLUME 1

rue Condng
Computer Estimate of Truwe Coning
OA Coning by Computer

Total Coning Error

True Sculling

Computer Estimate of True
Sculling

OA Sculling by Computer

Non-symmetric Loop IA Sculling

Non~symmetric Loop 04 Sculling

Total Scnlling Frror

134

T = 1/507
CHANNETL
Units % Y g
deg. /r,  -.2834 .3350 3364
deg. /hre. - 2692 3303 357
deg. /or, - 0008 - 117h -, 0982
dege/hx. -, 0150 1220 0772
ijg lSu asl" "‘30’4‘52 "5# 125
e 21.689 - .308  .8.Lgs
LE LTS 632 2,622
gg LhOT .021 - 087
173 . 056 - 038 - ,002
ug -6, 465 ~3.769 837
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SUMMARY OF TENVIROMMENTAL RMS IEVELS
Case & Environmental Axis  Vibration Level CO{RMS) Vibration Ievel Quad (RMS)
1. Ax-x kg -
2, Ax-By -.250 g ~.059 &
3. AxX=AZ 070 g -.109 g
b, Ax-Gx . 100 g-deg. /sec. )1/2 119 (g-deg. /sec.)l/ e
5. px-Gy 67 209 "
6. Ax-Gz -.038 " J28 "
7. Ay-AY J13L g -
8. Ay=Az ..120 g -.198 g
. Ay“-GX ;.255 (g“fieg,/sec. )l/2 -.140 (g-deg. /sec. )1/2
10. Ay;Gy - 217 " - .10 -
11, Ay~Gz - 210 " -.097 "
1z, Az:ﬁ,z 265 g
i3, Az-Gx . 183" (g~deg. /sec. )1/2 -.186 (g-deg. [sec. 51/2
1, Az-:Gy . 246 n 243 ¥
15, Az-Gz o135 " as50 "
6. Gx:Gx 1.037 deg. /sec. -
17. Gx-Gy .398 n 229 deg. / sec.
18. Gx—-Gz 383 i ~280 !
19. Gy-Gy . 952 " - "
20, Gy-Gz RIS " 530 "
21 GZ:GZ 520 u -



Table §,3-5
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SUMMARY OF ALL POSSIBLE SCALE FACTOR ASYMMETRY ERRORS

Case #  Sensor
1. Gyro
2. Gyro
3. Gyro
k, Gyro
e Gyro
6. Gyro
Ts Accel,
8. Accel,
a. Aceel,

10, Accel,

13, Accel.,

12. Aceel,

13. Accel.,

1k, Accel,

15, Accel,

16. Accel,

L7 Accal.

18. Accel.

i%. Gyro

20, Gyro

2. Gyro

22, Gyro

23. Gyro

2k, Gyro

Inpub
Axis Env,

X

&

X
X
X

Y
Y
X
X
X
X
Y
T
¥
Y
Z
Z
p

Mo g et

M2

Oubpub
Axia

¥
Y

N

MM M H N M Om

P

Moo Mk M o T " M
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Output

Axis Phase

Negative
Positive
Negative
Positive
Negabive
Positive
Hegative
Poaitive
Kegatbive
Positive
Negative
Positive
Fegative
Positive
Negative
Positive
Hegative
Positive
Negative
Positive
Negative
Positive
Negotbive

Pogitive

Resulting Error

00149 deg. /nr. /PPM

. 00158
. 00153,
. 0015k
.001lg
- 00355
. 02573
. 0253
. 03380
- 03599
o~ Olh21
- 03275

.038%

.03872

. 11700
11195
.10895
.11988

i

1]

"

0.8/ PPM

t

1t

tr

ki

iF

111

1

.00148 deg. /hr,FEM

. 00156
. 00071
. 00074
. 00069

. 00081

“Ir

113

1

it

1



SUMMARY CF ALL POSSIRIE WHEEL, FETAINER RESONANCE ERRORS

Case # Axis of Tinear Vibration Type Ervor Cocfficient Reswlting Ervor (deg, /br.
1. X Ir.xput Axis -, 00005
2, X Spin Axis -. 00020
3. X Outpus As.s . 00017
bk, Y InpubAxis - 00007
Se Y Spif Axis -. 00036
6. Y Oubput Axis - 00022
7o Z Input AxLs -. 00057
8. Z Spin Axis -. 00191
9. A Cukpubixis . 00176

10, ¥ and Y Spin and Tuput Axis -. 00039
1L, ¥ and Y Spin and Output Axis . 00013

12, X and ¥ Input and Qubpub Axis ~. 00004

13. X and Z Spin and Tnput Axis .. 00119

1k, X and 7 Spin and Output Axis . 00282

5. X and Z TInput shd Oubtpub Axis -.00118

16, T and % Spin and Inpub Axis -. 00101

17. Y and % Spin end Outpubt Axis .0023¢

18, Y and % Tnput and Oubpub Axis -, 000%
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Table 5,37

SUHFRRY OF ALL POSSIRLE LOOP DEPENTENT REQTITICATION FOLS

{Bpin-Inputy Spin-Output, end Anisolnertia Exror -Deg, /ar. )

)

Case | Bovr. Axis ST-00 " TTEISTT NG5 AL-QU T To%el 1 SO So-6u LT
1. ¥ and ¥ -, 00012  LO0LTH . 00587 . 00135 . 01286 0005l 00057 000k0
2, ¥ and % L 001640 . 00052 LOT088 « DO00H - D120k . 00037 00032 00004
3, Y aud z 00102 L 001hY 01054 o000k L o1OLE , 00131 00073 0020k
{Vibropendulous Brror - ug)
YO QT Tobal ¥

i, ¥ and Y L0692 V1167 . 1860
3, ¥ and % . 5005 L0012 501G

¥ oand 7 L1055 . 2806 L6863

OAj

o

TANOT
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PABLE 5.3-8
Steady State Error Coefficients

GIRO_LOCT

1} Spin-Inpas Coupling -0.0006 {aegfnr)/ (derfseC)i A-SA
2) Anisoimertia ~0.0012 (geg/nc)/ (aeg/sec}lem_sh

. - 2

3} Anisoelmstic - Major 0.12 (aee/nr)/(8), an

L} Anisoelastic - Minor 0.01 (8eg/nr)/ (g)i&«-SA
AOCFIFROMITER LOCP

- . o

1) Inpu?: - Penfulcus Coupling 32 (ilg}/ (g)I A-PA
2} Anisoinerfia 3 (ug)/(gee/ sec);am_nh

ot e — 2 . 2

3} Zen-Linear g i (l{-g)/ {g)m

—



