USAARL Report No. 94-32

Apache Helicopter
Seat Cushion Evaluation

BY

Barclay P. Butler

and

Nabih M. Alem

Aircrew Protection Division

July 1994

Approved for public release; distribution unlimited.

U.S. Army Aeromedical Research Laboratory
Fort Rucker, Alabama 36362-0577



[ I

Not i ce

Qualified reauesters

Qualified requesters nmay obtain copies from the Defense Technical
I nformati on nter (DTI'C), Caneron Station, Alexandria, Virginia
22314, Orders will be expedited if placed through the librarian
or other person designated to request docunents from DTIC

Chanse of address

Organi zations receiving reports from the US. Arny Aeronedical
Research Laboratory on automatic mailing lists should confirm
correct address when corresponding about |aboratory reports.

Di soosi tion

Destroy this document when it is no |onger needed. Do not return
it to the originator.

Di scl ai ner

The views, opinions, and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Departnent of the Army position, policy, or decision, unless so
designated by other official documentation. GCtation of trade
names in this report does not constitute an official Department
of the Arnmy endorsenent or approval of the use of such comercial
i tens.

Human use

Human subjects participated in these studies after giving their
free and infornmed voluntary consent. Investigators adhered to AR
70-25 and USAMRDC Reg 70-25 on Use of Volunteers in Research.

Revi ewed:

KEVIN T. MNASON

LTC, M, MFS
Director, Aircrew Protection
Di vi si on

Rel eased for publication:

e 2 rdd

RO . WILBY, o<D., Ph.D. DAVID H ~KARNEY
Chairman, Scientific Col onel, MC, SFS
Review Committee Commandi ng




Uncl assi fied
EECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Form Approved
OMB No. 0704-0188

=
1a. REPORT SECURITY CLASSIFICATION

i=Unc lassified

1 b. RESTRICTIVE MARKINGS

2 SECURITY CLASSIFICATION AUTHORITY

2bh. DECLASSIFICATION / DOWNGRADING SCHEDULE

3 DISTRIBUTION /AVAILABILITY OF REPORT
Approved for public release, distribution
unlinted

=
4PERFORMING ORGANIZATION REPORT  NUMBER(S)

USAARL Report No. 94-32

5. MONITORING ORGANIZATION REPORT NUMBER(S)

=
6. NAME OF PERFORMING ORGANIZATION
U.S. Arny Aeronedical Research

laboratory

(f

6b. OFFICE SYMBOL

applicable)

SGRD- UAD- | V

7a. NAME OF MONITORING ORGANIZATION
U S Arny Medical Research,
Acqui sition, and Logistics

Devel oprent ,
Comand

6c. ADDRESS (City, State, and ZIP Code)

7b. ADDRESS (City, State, and ZIP Code)

P.O Box 620577 Fort Detrick
Fort Rucker, AL 36362-0577 Frederi ck, MD 21702-5012
_ea. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION  Avi ation Appli ed (if applicable)
Technical Directorate (AAD
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO. NO. ACCESSION NO.
Fort Eustis, VA
11. TMLE {Include Security Classification)
Apache Helicopter Seat Cushion Evaluation

2. PersonaL AUTHOR(S)
Barclay P. Butler and Nabih M. Alem

134, TYWE OF REPORT 135, TIME COVERED

14. DATE OF REPORT {Year, Month, Day) ]15. PAGE COUNT

Final FROM 70 1994 July 49
6. SUPPLEMENTARY NOTATION'
-17. COSAT! CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Seat cushion, Apache, helicopter pilots, crew confort
05 09
01 03 =

Two prototypes of the AH-64 pilot
cushion set by each of a group of
simul ated AR-64 vibration signatures

Subj ective pilot

cushion set.

seat
12 AR-64

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

for

preferences also were obtained after

cushions were evaluated against
i nstructor
a period of

vibration attenuation were obtained by nmeasuring

the standard
pilots after being exposed to

1 hour. CObjective indications of
transfer functions across each cushion.
each ride using a questionnaire.

Results of the objective measurenents indicate both the air-filled and the foamfilled
prototypes reduced |owfrequency transmssion of vibration better than the standard

cushi ons. Subj ective responses indicate significant inprovement in confort and vibration
absorption for the seat back and bottom cushions of both prototypes over the standard

0. DISTRIBUTION /AVAILABILITY OF ABSTRACT
O uncrassiFiepunLIMITED [ same As ReT.

3 bTIC usERrs

21. ABSTRACT SECURITY CLASSIFICATION

:2a. NAME OF RESPONSIBLE INDIVIDUAL
Chief. Science S rt Cepter

22b TELEPHONE (Include Area Code) 22¢. OFFICE SYMBOL
1 _205-255-6907 | __SGRD-UIAX-ST

DD Form 1473, JUN 86

Previous editions are obsolete.

SECURITY CLASSIFICATION OF THIS PAGE
Uncl assified




Acknow edgenent s

The authors would like to express their gratitude to Deborah
M Blanchard, Total Quality Mnagement Ofice, Fort Rucker, for
her assistance in the data analysis and review of the statistical

results. Ms. Mary Gamling and M. Udo Vol ker Nowak are
comrended for their efforts in editing this report.



Thi s

page

intentionally

| ef t

bl ank.




Table of contents

List of figures . « « v v « v o v 0 0 o

List of tables , « v « v « + « v v 4 o

Introduction . v « v v v s v e e s
Methods . . v & v v ¢ ¢ « o o e 0 e
AnalysSis . v v v v e v e e e e e e e
RESUITS . . v & v v v v & v v o o« o v o s

DISCUSSION v v 4 & o o o o o o o o o o
Conclusion v v v v v o o o o 0 e 0w ou e
References v v v v v v o o o o « o o o o
Appendi xes:
A List of manufacturers .+ « + . .
B: List of contact addresses . . .
c. Medical screening questionnaire
Ant hroponetric measurenents
Preride questionnaire
Postride evaluation questionnaire
Interference questionnaire .

Data tables .

L o m m O

Page

33
34
35
37
39
44
46
48



Figure

List of fiqgures

Pl acement of accelerometers on Apache seat

Transfer functions for the air cushion set

a Bottom cushion, X direction
b. Bottom cushion, Y direction
c. Bottom cushion, Z direction
d Back cushion, X direction
e Back cushion, Y direction
f Back cushion, Z direction

ransfer functions for the foam cushion set

T
a. Bottom cushion, X direction
b. Bottom cushion, Y direction
c Bottom cushion, Z direction
d Back cushion, X direction
e. Back cushion, Y direction
f. Back cushion, Z direction

ransfer functions for the standard cushion

T
a. Bottom cushion, X direction
b. Bottom cushion, Y direction

c. Bottom cushion, Z direction

d. Back cushion, X direction

e. Back cushion, Y direction

f.  Back cushion, Z direction

Low frequency integrated response
H gh frequency integrated response
Seat Dbottom subjective response

Seat back subjective response

List of tables

Interference questionnaire .
Low frequency integrated response

H gh frequency integrated response .

Subj ective response for the seat bottom .

Subj ective response for the seat back

2

set

e & ® ® ® = a o e & o a

Page
32
48
48
48
49



| ntroduction

Seated operators in work environnments often are required
to spend long periods of time at their workstations while
performng their primary duties. AH64 Apache helicopter pilots
are known to routinely spend up to 6 hours in their crewstation
seat performng operations that include preflight, flight, and
postflight tasks. Seat ~cushion design can inpact direct I_Iy ~on
crew confort and adversely affect mssion perfornmance. hi's
study is an evaluation of tw candidate replacenent seat
cushions, as conpared to the standard seat cushion, for the A-1-64
helicopter crew seat.

The Aviation Applied Technical Drectorater (AATD), Fort
Eustis, Virginia, contracted with LM Inc.* to design a
repl acement seat cushion set for the AH64 Apache helicopter.
Two cushion sets were designed wth adjustable thigh and |unbar
supports --one foam filled and one air filled. Prior to inpact
testing for crashworthy qualifications, AATD contacted the US
Arny Aeronedical Research Laboratory (USAARL) to conduct a seat
cushion  confort evaluation. This report docunents the seat
cushion confort testing.

Met hods

Twel ve volunteer A -1-64 Apache helicopter instructor
pilots, recruited from D Conpany, 14th Aviation Battalion, Fort
Rucker, Al abama, were exposed to Al-1-64 seat cushion sets using a
repeated neasures design. Seat cushion exposures were achieved
by asking the subjects to sit atop the mltiaxis ride sinulator
MARS) in a partial AH64 nockup crewstation. The nockup
consisted of an AH64 seat wth collective, cyclic, and pedal
controls arranged to be consistent wth the placenment of the AH
64 flight controls.

The repeated neasures design was inplemented as follows:
three seat cushion sets (tw candidate sets and the standard
cushion set) were rotated through for each subject grouB._ There
were three groups consisting of four subjects each. Subj ect's
were assigned randomy to the three groups. A total of 36
exposure tests were conducted.

Each of the 12 subjects was exposed to 1 hour of AH64
simulated ride notion. This was repeated for each of the three
seat cushion sets. A seat cushion set was conprised of a seat
bottom, seat back, lunmbar support, and an arm support. Subjects
adjusted their seat position, pedal position, thigh, and |unbar
support as they desired. Exposure to the remaining seat cushion

* See |ist of manufacturers.



gets was performed at the same time of the day on subsequent
ays.

Transfer functions are objective characterizations of the
ability of a system to attenuate (or magnify) the transm ssion of
vibrations through the system The transfer functions for the
seat cushions and seat backs were neasured by using two B&K*
model 2631 triaxial accelerometers for the seat panels Broper,
with one rigi dI?/ attached to the underside of the seat bottom and
the other rigidly attached to the back side of the seat back.

Two seat pad triaxial acceleroneters, B& nodel 4322, were used
with one placed under the subject's buttock and on top of the
seat bottom cushion, and the other placed behind the subject's
back at the level of the upper thoracic spine and in front of the
seat back cushion.

Three transfer functions were obtained for each acceler-
onmeter set with the Z-axis aligned out of the cushion, the X-axis
aligned along the longitudinal axis parallel to the cushion
surface, and the Y-axis aligned laterally and parallel to the
cushion surface (Figure 1).

Accel eroneter signals were anplified using Kistler* nodel
1430 charge anplifiers to obtain a sensitivity of 1 Gvolt.
Anplified acceleroneter signals were recorded on a TEAC* XR-510
running at a tape speed of 4.8 cnisec. Frequency response for
this recording system was O 1250 Hz.

Sub#' ective assessnents of seat cushion confort were
obtained from each subject following the I|-hour sinulated ride
exposure for each seat cushion set. Subjects filled out a
questionnaire using a visual analog scale and rated each of 13
questions for the seat bottom and rated each of 17 questions for
the seat back (Appendix F).

Simul ated helicopter ride exposure was produced on the
MARS facilities at USAARL. The MARS system is capable of
reproducing field recorded triaxial acceleration signals in the
2-40 Hz range. Apache helicopter acceleration signals,
previously recorded and available at USAARL for playback, were
sanpled by the MARS system and an iterative procedure reproduced
the helicopter vibrations to within 0.5 dB. The chosen flight
profile was a straight and level flight at normal cruise speed
Wi thout wing stores. Sinmulated ride notion as reproduced at MARS
and to which the subjects were exposed did not exceed the health
and safety limts specified in AR 40-10 and 1S0 2631.



Anal ysi s

Transfer functions were generated from accel eration
signals recorded during the testing phases using PC based
hardware and software. The analog signals were played back into
antialias lowpass filters (Onsite TechFilter PC-16 card) to
renmove frequencies above 80 Hz. The filtered signals were passed
to the analog-to-digital convertor (Mtrabyte DAS-1601) which
sanpled each signal at the rate of 500 sanples/second. The
digital signals then were analyzed by the digital signal
processing SnapMaster software. The main process to which
digital signals were subjected was a transfer function bl ock,
tailored to apﬂly an 8-second Hanmng window in the tine domain
signal, then the transfer functions were averaged for 16
averages. Averaged transfer function data were exported to
Mcrosoft Excel for ensenble averaging across subjects for each
seat cushion set.

Averaged transfer functions were processed further by
integrating the response in the range of 4-8 and 20-40 Hz. The
4-8 Hz range was chosen because it is the maximally sensitive
region for the Z-axis response. The Z-axis notion is the _
dom nant response for helicopter vibration. The 20-40 Hz region
was selected to represent the high frequency attenuation. A
multiple conparison of means test was perforned on the integrated
response for seat cushion sets using Systat* statistical software
run on a 286-based PC. Only Z-axis responses were analyzed using
statistical nethods.

Subj ective responses from the questionnaires were analyzed
by initially coding the responses from 1 through 7 for each
question and applying a Tukey Honestly Significant D fference
test. Al statistical tests were performed at the p<0.1 |evel.

A final questionnaire was used to assess the acceptance of
the arm support, inflation bulbs and foam wedges, and | unbar
support (Appendix G, and followed the last sinulated ride
exposure. Analysis of this data consisted of reporting nmeans and
standard devi ations.

Resul t's

Transfer function data are shown in Figures 2, 3 and 4,
for the air filled (configuration A), foam filled (configuration
B, and standard seat cushion sets (configuration C),
respectively. Each figure has the averaged transfer function for
the seat bottom X (a), Y (b), and Z (c), and the seat back X (d),

Y (e), and Z (f).



The low frequency integrated response is shown in Figure
5 wth significant differences found for the air and foam back
cushions as conpared to the standard back cushion. Figure 6
shows the high frequency integrated response wth significant
differences found for the air and foam bottom cushion as conpared
to the standard bottom cushion.

Subj ective responses for the seat bottom showed
significant differences for 3 of the 13 questions regarding
t hi ckness of the seat cushion (question 3), the vibration
absorption (question 12), and the overall conf ort (question 13).
Figure 7 shows the coded scores where a |lower score indicates a
preference for the characteristic. Subjective responses for the
seat back also showed significant differences for 3 of the 17
questions regarding thickness of the lunbar support (question 4),
the covering material thickness (question 12), and the overall
confort (question 17). Figure 8 shows the coded scores where a
| oner score indicates a preference for the characteristic.

Subj ective responses for the questionnaire addressing the
arm support attachnent site, the potential interference with the
inflation bul bs and foam vvedges wth the controls, and the |unbar
support is shown in Table 1. Responses were coded simlarly
using a range of -7 with a |ower score indicating a character-
istic that is "liked" or is "acceptable." A cell in Table 1 wth
no numbers indicates this question received no responses.

Di scussi on

Transfer function data showed that, for the Z axis and for
the bottom cushion, the air and foam cushions had significantly
greater attenuation over that of the standard cushion back for
the higher frequency range of 20-40 Hz. This indicates the air
and foam cushions reduced the anmount of high frequencK vi bration
transmtted to the subject's buttocks. That both cushi ons showed
simlar responses is not surprising because the foam wedges and
air support primarily are over the thigh region. The subject's
buttocks are supported by a simlar covered foam material for
both cushions. This reduction in transmtted vibration also is
suPPorted by the subjective responses with a significant
ifference found in favor of increased vibration absorption
between the prototype cushions and the standard cushion.

Subj ective responses also showed significant differences in
overall confort with the prototype seat bottom cushions deened
more confortable than the standard seat bottom cushion.

The seat back transfer function data showed that, for the
Z axis and for the back cushion, the air and foam cushions had
significantly greater attenuation over that of the standard
cushion back for the lower frequency range of 4-8 Hz. This



indicates the air and foam cushions reduced the amount of gain in
the low frequency range and transmtted less vibration to the
subject's back. =~ Subjective confort data also supported the
prothptype seat back cushions in favor of the standard seat back
cushi on.

Care nust be taken when interpreting the seat back
transfer function data showed in Figures 1, 2, and 3. Transfer
function calculations for the seat cushions assume constant
contact between the input response surface and the output
response surface. A break in the contact of the subject's back
with the seat pad accelerometer would render the transfer
function calculations invalid  Care was taken to ensure that
data records used in the seat back transfer functions had good
contact between the subject's back and the seat pad
accel eroneter. Even with this effort, contact was often tines
light and subject to error.

A subjective response that was not assessed in the
questionnaires, but was volunteered by a mgjority of the
subjects, was that the prototype |unbar supports needed to be
"butterfly" shaped simlar to that found in the standard seat
cushion lunbar support. The rectangular shape of the foam filled
and air filled lumar support had a tendency to push the subjects
out of the seat pan, as opposed to supporting the [unbar region
of the back.

The final questionnaire surveying the arm support, the
| unbar support, and potential interference with the control,
I ndi cated stron? responses from three questions.  Subjects
appeared to dislike the arm attachment to the thigh, dislike the
f oam adjustable |lunbar support, and found no interference wth
the foam wedges with the cyclic.

Concl usi on

(bjective transfer function results indicate the prototype
air-filled and foamfilled seat cushions perform better than the
standard AH 64 seat cushion for the seat bottom cushion in
attenuating higher frequency vibrations. Low frequency gain is
reduced over that of the standard seat cushion set for the air-
and foamfilled prototype seat back cushion. Subjective
responses indicate significant differences in confort assessments
for seat back and seat bottom cushions, and inproved vibration
absorption for the seat bottom cushion.
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Figure 1.

Pl acement of seat pad acceleronmeters (rectangles) and
seat pan acceleroneters (squares) with axis orienta-
tions. Seat pan acceleronmeters have the sane orien-
tation as the seat pad accel eroneters.
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Low frequency integrated response

Legend
Back
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40
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Figure 5. Low frequency integrated response for the seat back
and seat bottom te that a positive response

i ndicates an anplification.
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High frequency integrated response
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Fi gure 6. H gh frequency integrated response for the seat back
and seat bottom te that a positive response

i ndicates an attenuation.
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Seat bottom subjective responses

Legend

Comfort

D Vibration

Thickness

0 ] T - I
Air Foam Standard

Figure 7. Subj ective responses for the seat bottom A lower
score indicates a preference for the specified
characteristic.
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Seat back subjective responses

Lumbar
Thickness
Comfort

1 —
Air Foam Standard

Figure 8. Subj ective responses for the seat back. A |ower

scores indicates a preference for the specified
characteristic.
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Table 1.

Results of subjective evaluation of the arnrests, |unbar
supports, and thigh wedges.

estion ’ Response
QJ | mean (SD)
Attachment nethod of the arnmrest to the seat 4.8 (6.6)
bott om
Attachment nethod of the arnrest to the thigh 50 (2.8
Rate the interference of the in 3.6 (2.1)
| support with the control stability of the
cyclic
Rate the interference of the hean bag with the 2.6 (2.3)
control stability of the cyclic
Rate the interference caused by the _ 1.1 (0.4)
support wedges with the operation of the cyclic
|f you do not use the thigh support wedges, (--)
rate their interference (when stowed) wth the
operation of the cyclic
If you do not use the thigh support wedges, - ()
rate their interference (when stowed) wth the
seat height adjustnent
Lumbar support: inflatable fixed 3.3 (2.1)
Lunbar support: inflatable adjustable 2.9 (3.5
Lumbar support: adjustable foam 57 (1.4
Arnrest: bean bag 3.0 (2.4)
Arnrest: foam 4.0 (1.9

32




Appendi x A

Li st of manufacturers.

Accel eroneters:
Bruel & Kjaer Instrunents
185 Forest Street
Mar | borough, MA 01752

Charge anplifiers: _
Kistler Instrument Corporation
75 John denn Drive
Anmherst, NY 14120

Wndows & DOCS:
Mcrosoft Corporation
16011 NE 36th Way
P.O Box 97107
Redmond, WA 98073-9717

Signal Processing Software:
HEM Data Corporation
17336 West 12 MIle Road
Southfield, M 48076-2123

Tape recorder/playback:
TEAC Corporation of Amrerica
7733 Tel egraph Road
Mont ebel | o, CA 90640

A D Conversion PC card:
Keithly-Metrabyte Data Acquisition
440 Myles Standish Blvd
Tanton, MA 02780

Analog filters PC card:
Onsite Instrunents, |nc.
855 Maude Avenue, #?2
Mountain View, CA 94043

Statistical software:
Stystat, Inc.
1800 Sherman Avenue
Evanston, |L 60210
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Appendi x_B.

Li st of contact addresses.

Commander

Aviation Applied Technol ogly Directorate
ATTN.  AVBAT-R-TV (Kevin Nol an)

Fort Eustis, VA, 23604

LME, Inc.

ATTN. M. Barry Shope
P. 0. Box 6637

201 Defense H ghway
Annapolis, M 21401
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Appendi x C.

Medi cal screening questionnaire.

1. Nane
Last First M
2 SSN:
3. Date of Birth:
4, What was the date of your Tast nedical (physical)
exam nation?
5. What was the type of phy5| cal exam nation %lven?
Class | A" 11 _1I'l _Arny Entrance Physical __ Qher
Don't Know
6. Do you have, or have you ever had, any of the follow ng

medi cal probl ens?
Yes/ No
%h bl ood pressure
heart probl ens
Recent broken bone (within last 6 nonths)
Miscl e spasm
Back pain
Sprai ned or strained neck
Arthritis
Epi sodes of dizziness
Epi sodes of nuscle weakness or paralysis
Headaches
Hornonal or gl andul ar
Wi p | ash

—~RU Q"o QQUe

7. Physical activities:

a. Are you actively engaged in any physical training progranf
Yes No

If so, hownany hours per week do you spend in the follow ng

activities?

Run or jog ____ hours
SwW m hour s
Tenni s — hours
Sof t bal | hour s
Wrk with weights hour s
Foot bal | hour s
Basket bal | ~ hours
O hers —__ hours
Descri be:
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b. How nmany hours have you flown in a helicopter in the
last  nonth?

Type of aircraft? UH-1 UH-60 _ OH58 _ AH-64
- CH-47__ ot her

8. Do you wear glasses or contact lenses to correct your vision?
Yes No

If so, please renenber to wear them during this testing.

The above subject exhibits no evidence of nedical conditions that
could be adversely affected by participating this research
protocol .

Medi cal  Mbni tor Dat e
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Appendi x_ D

Ant hroponmetric neasurenments.

Dimension Descriptions Design Values
Minimum Mean Maximum
12 BIDELTOID BREADTH: The maximum 42.80 cm 49.57 cm 57.30 cm
horizontal distance between the lateral
margins of the upper arms and the deltoid
muscles.
27 BUTTOCK-POPLITEAL LENGTH: The 44 40 cm 50.26 cm 57.70 cm

horizontal distance between a buttock plate
placed at the most posterior point on sither
buttock and the back of the knee.

31 | CERVICALE HEIGHT,SITTING: The 59.00cm | 68.89 cm 76.50 cm
vertical distance between and a sitting surface
and the cervicale landmark on the spine at the
base of the neck.

38 CROTCH HEIGHT: The vertical distance 73.00 cm 84.18 cm 95.50 ecm
between the standing surface and the crotch.

49 | EYE HEIGHT,SITTING: The vertical 70.70 cm | 80.99 cm 90.30 cm
distance between a sitting surface and the
ectocanthus landmark on the outer comer of
the right eye.

55 FUNCTIONAL LEG LENGTII: The 98.10 cm 108.73 cm 122.50 cm
straight-line distance between the plane of the
DOWOM OF UIE FINL [0t WILth UIE (68 eX1enaca
and the back of the body of a seated subject.

66 | HIPBREADTH, SITTING: The distance | 31.90 cm | 37.18 cm 45.30 em
between the lateral points of the hips of
thighs.

93 SITTING HEIGHT: The vertical distance 81.90 cm 92.95 ¢cm 102.10 cm
between a sitting surface and the tip of the
head.

99 STATURE: The vertica! distance from a 157.90 cm 177.10 cm 194.10 cm
standing surface 1o the top of the head.

106 THUMBTIP REACH: The horizontal 70.50 cm 80.48 cm 92.60 cm
distance from & back wall to the tip of the
right thumb.

124 WEIGHT. Measure of heaviness or mass of | 56.90 kg 79.97 kg 113.60 kg
subject.
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Subj ect nunber:

Subject's measurements.
Bi del toi d breadth:
Buttock-popliteal [Iength:
Cervicale height, sitting:
Crotch height:
Eye height, sitting:
Functional leg |ength:
H p breadth, sitting:
Sitting height:
Stature:
Thunbtip reach:
Wei ght :

38

cm

cm

cm

cm

cm

cm

cm

cm

cm

cm

Dat e:

49.
50.
68.
84.
80.
108.
37.
92.
177.
80.
79.

57
26
89
14
99
73
18
95
10
48
97

cm

cm

cm

cm

cm

cm

cm

cm

cm

cm



Appendi x_E.

Preride questionnaire.

Apache seat cushion study - Experience survey.

1. Total rotary-w ng
Flight experience: How nany AH- 64

hours do you have in the AH 64 past 90 days
foll owi ng categories?

2. No.

Do you have any history of Yes.

back pain injuries or back
problenms that are NOT related
to flying?

If yes, describe.

3. No.
Do you have any back Yes.
disconfort that IS related to

flying?

If yes describe:

Aircraft:

Frequency:

Location of disconfort:
Duration of disconfort:
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4. What problens have you noticed in the AHG64 seat cushion that
my be corrected with a new seat cushion?

Cushion Rating for seat bottom:

characteristics Too About Too
much right little

Contour at buttocks

Contour at inner knee

Overall thickness

Length

Width

Firmness

Covering material coarseness

Covering material thickness

Air circulation

Hotness

Seat pan angle (too much = slide out)
Vibration  absorption

Add your own criteria for the seat bottom
cushion:
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Question 4 (Continued)

Cushion
characteristics

Rating for seat hack.

Too
much

About
right

Too
little

Contour at lower back

Contour at upper back

Location of lumbar support
(too much = too high)

Thickness of lumbar support

Location of headrest
(too much = too high)

Thickness of headrest

Overall thickness

Length

Width

Firmness

Covering materid  coarseness

Covering materid  thickness

Air  circulation

Hotness

Seat back angle
(too much = leaning back)

Vibration  absorption

Add your own criteria for the seat bottom
cushion:
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5. If you designed a new seat cushion for the AH64, what
features would you change or include?

—_——————————________

Raing for seat bottom:

Cushion g " Tk

" out ake

characteristics a lot right a lot
more out

W

Contour at buttocks

Contour at inner knee

Overall thickness

Length

Width

Firmness

Covering material coarseness

Covering material thickness

Air circulation

Hotness

Seat pan angle (add more = knees
lower)

Vibration absorption

Add your own criteria for the seat bottom
cushion:
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Question 5 (Continued).

Rating for seat back.

Cushion

characteristics Add

alot

Aboutt Take
right.

Contour a lower back

Contour at upper back

Location of lumbar support
(add more = make higher)

Thicknesss of lumbar support .

Location of headrest
(add more = make higher)

Thickness of headrest

Overall thickness

Length
Width

Firmness

Covering material coarseness

Covering material thickness

Air  circulaion

Hotness

Seat back angle
(add more = lean back)

Vibration absorption

Add your own criteria for the seat back
cushion:
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Appendi x

F.

Apache seat cushion

st udy

postride  survey.

Subj ect numnber

You were just exposed to a candidate seat cushion. Please rate
e cowarald. nerformmnce. _of _that_seat cushion.
: Rating for seat bottom:
Cushion g
characteristics Too About Too
much right little

Contour at buttocks

e e A ———

Contour at inner knee

Overall thickness

Length

Width

Firmness

Covering materid  coarseness

Covering materid  thickness

Air  crculation

Hotness

Seat pan angle (too much = dlide out)

Vibration  absorption

Overdl comfort (change your rating
here):

Too much = very good

Too little = very poor

Add your own criteria for the seat hottom
cushion:
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Postride survey (Continued).

. Rating for seat back.
Cushion g

characteristics Too About Too
much right little

Contour at lower back

Contour at upper back

Location of [umbar support
(add more = make higher)

Thickness of [umbar support

Location of headrest
(add more = make higher)

Thickness of headrest

Overall thickness

Length

Width

Firmness

Covering materid  coarseness

Covering materid  thickness

Air  circulation

Hotness

Seat back angle
(too much = lean back)

Vibration  absorption

Overdl comfort (change your rating
here)

Too much = very good

Too little = Very poor

Add your own criteria for the seat back
cushion:
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Appendix G

I nterference

questionnaire.

Rating
Cushion . .
. Indif- .
characteristic ik ey Dis
very like
much ent
Attachment method of the armrest to the seat
bottom cushion
Attachment method of the armrest to the thigh
Wat is your preferred location for the _thigh support inflator
bul b? Right side of seat bucket Left side of seat
bucket Ot her:
Wat is your preferred location for the _lunbar support inflator
bul b? Rght side of seat bucket Left side of seat
bucket Ot her:
Rating
Cushion No Minor un-
characterigtic inter- but et
fer- toler- 0l
e
ence able

Rate the interference of the inflatable arm
support  with the control stability of the cyclic

Rate the interference of the “bean bag" arm
support  with the control stability of the cyclic

Rate the interference caused by the thigh
support  wedges with the operation of the cyclic

If you do not use the thigh support wedges, rate
their interference (when stowed) with the
operation of the cyclic

If you do not use the thigh support wedges, rate
their interference (when stowed) with the seat
height adjustment
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You have conpleted an independent evaluation of two candidate
seat cushion sets along with the standard ache seat cushion
set. We would now like to know how you would conpare the |unbar
supports and the arm rests against each other. will introduce
a third candidate seat cushion at this time with an integral
inflatable |unbar support. The lunbar supports you wll conpare
are:

nflatable fixed
nflatable adjustable
0

i
[
foam adjustable

[ |
]

Simlarily, we have three armrests that we would like you to
conpare to each other. The three armrests are:

a bean ba
m inflatable
s foam

Please let us know if you would like to see the equipnent, or
try them out on the seat, without ride notion, to help you nake
your eval uati on.

Rating
Cushi on Like Indif- Dis-
accessories very fer- like
much ent

4 1 1 1 - 1 1 1
Lumbar supports:

Inflatable fixed

Inflatable adjustable

Adjustable foam

Armrests:

Bean bag

Inflatable

Foam
I ——— - | —
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Appendix H
Data tables.
Table 1.
Low frequency integrated response for the seat back
and seat bottom Note that a positive response
indicates an anplification. Standard
deviations given in parenthesis.
L Qushion type
Cushi on Air Foam St andard
| ocation
Back 12.3(6.9) 19.6(7.5) 35.6(8. 1)
Bottom 7.3(3.1) 6.3(5.0) 5.6(2.8)
Table 2.
Hgh frequency inetgrated response for the seat back
and seat bottom Note that a positive response

i ndi cat es an

attenuation.

Standard deviations

gi ven par ent hesi s.
| Qushion type
Cushi on Air Foam St andar d
| ocation
Back 122.9(70. 8) 123. 3(111. 6) 139. 7(56. 4)
Bott om 61.9(39.9) 71.3(33.5) 24.1(18.5)
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Tabl e 3.

Subj ective responses for the seat bottom A |ower
score indicates a preference for the specifed
characteristic. Standard deviations given
i n parenthesis.

Cushion type
Cushi on Ar Foam St andar d
characteristic
Conf ort 3.9(0.4) 4.4(1.3) 6.6(0.7)
Vi bration 4.3(1.3) 4.5(1.1) 5.9(1.1)
Thi ckness 3.3(2.0) 4.0(2.2) 6.3(1.5)
Table 4.

Subj ective responses for the seat bottom A |ower
score indicates a preference for the specifed
characteristic. Standard deviations given
i n parenthesis.

Cushion type
Cushi on Ar Foam St andard
characteristic:
Conf or t 3.6(1.1) 3.3(1.7) 5.5(1.1)
Vi bration 3.9(0.4) 4.3(0.8) 4.7(0.9)
Thi ckness 3.1(1.4) 4.6(1.5) 5.6(1.4)
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