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AN INVESTIGATION OF THF. FIVE POINT RESTRAINT

SYSTEM POR AVIATORS

! INTRODUCTION

The Advanced Attack helicopter (AAR) Technicel Management Office re-
quested the US Army Human Engineering Laboratory (HEL) anness the Five
Puint Restrain Harness lap belt anchoring location after receiving con-
flicting {nformation on leg motion restriction.

AAH contractor test pilote reported that the lap belt crossed too far
forward on the thighs and restricted leg movement during pedal operation.‘
In response, the Human Eungineering Group of the AAH contractor investigated
the problem, and suggested that the anchor location be moved aft and lower
than the preuent position.
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Before requesting that the szat be modified, the AAH office contacted
gseveral Army test pilots who have flown the AAH to verify the problem.
However, the Army test pilots did not verify the problem, and subsequently ]
the HEL was contacted to provide additional data.

The initial study performed by the AAH contractor evaluated the re-
strain harness while the pilots were seated in a wooden seat which was ad-
justed to the design cushion compreassion lines. To provide a more realistic
evaluation, the HEL inveutigated the restraint harness by using a set of
production cushions while the pilots wore body armor and a survival vest.
Cushion probes were used to locate the seat refarence point (SRP). The
procedure 13 explained in the appendix.

ot QN bl L LA G it

OBJECTIVES
The objectives of this invastigation were as follows:

1. To determine if the presently designed restraint harness, as at-
tached {a the AAH, provides sufficient leg movement and anti-subamarining
restraint.

7 2. To invegtipgate the interaction of the restraint harness with body
) armor and the survival vest.

lHugher, Helicopters. YAH-64 Advanced Attack Helicopter Report, Crew Station
Geometry (Report No. 77-HP-0008-2). Prepared for Projact Manager, Advanced
Helicopter, St. Louis, MO, December 1979.
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DESCRIPTIONS

The Five Point Restraint System is shown in Figure 1. The web widths
for the shoulder, lap, and crotch straps are 2, 2-1/4, and 1-3/4 incheas,

respeactively. The shoulder and lap straps are relessed by a quartar turn of
the release hub.

Figures 2 and 3 show the body armor and survival veet used during the
evaluation. The vest contains actual and mockup survival gear except for

the weapon and holster which are normally mounted under the pilot's left
arm.

To evaluate the lap belt anchoring points, a fully ad justable AAR crew
seat and anti-torque pedal assembly was constructed which exposed the pi-
lot's torso while providing correct cushion support (Figure 4)}. Alternate
anchoring points were used which ranged from 2 inches forward tc 3 inches
aft of the present position. These were arranged in a line parallel to the
seat bottom at l-inch intervals.

Six-inch long cushion probes (Figurz 5) were inserted through the seat
cushions to check the SRP since the lap belt anchor point location is ref-
erenced from the SRP. The probe arrays were designed to colocate with
epecific body points and reconstruct the two planes which define the SRP.
Additional information relating to the location of the SRP is contained in
the appendix.

Figures 4 and 5 show the lumbar support can be adjusted in height with
hook and file fasteners.

The forward and aft AAH crew stations contain the same fully armored
seat except that the forward crew seat is canted three degrees rearvard
with respect to the horizontal. Both seat backs cant 10 degrees rearward
with respect to their seat bottoms.

METHOD

Subjects

The subjects used during the evaluation were stationed at Aberdeen
Proving Ground, MD, and no preliminary criteria were used to select them
for participation in this evaluation. Table 1 lists the subjects and a
series of anthropometric measurements.
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a. Tull bhody view of restralnt systen.

Close-up of restralnt system anchoring polnt.

Figure 1. Five polnt restraint system.
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Figure 2 Body armor fragmentation small arms protective vest,
5 alrcrewnan, M-73.
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MF | 183.8 [ 200} S3 | 1
DY [ 174.3 | 187 | 37 | 1
HB 1 181.3 1195 | 31 | 1

4 9.0 { 38.2 | 102.5| 94.0 | 104.8 | 174,0
6
8
TF | 186.5 } 228 | 36 | 19
2
7
3

2

6 | 63.0 | 36.6 | 102.5| 90.0 98.2 163.5

2 | 64.7 | 38.2 | 107.5| 89.5 98.5 | 166.5

4 | 67.8 | 40.0 | 108.2 | 102.0 | 116.5 | 182.8
JW | 172.8 | 155 | 43 | 12.6 | s4.0 | 34.0 93.0| 81.0 98.3 | 154.0
63.5 | 35.2 | 103.0§ 92.8 98.0 | 163.0

PG | 177.5 | 182 | 32 2
4 | 59.8 | 36.9 99.4 | 94.¢ 103.6 170.0

1
CP | 176.4 | 180 | SO | 1

Procedure

The subjects weras esked to sit in the crew seat and adjuet the lumbar
support to where it felt comfortable. The seat was then adjusted to place
them as close as possible to the dceign eye position. They were then se-
cured in the seat with the harness adjusted to the desired tension. An ini-
tial attempt to provide aqual lap belt tension through the use of a thigh
blood pressura cuff proved futile because the cuff could not ba positioned
correctly under the lap belt. The anti-torque pedals were then adjusted to
the subject's desired position for flight and full brake actuation.

Figure 6 {llustrates the measuremsnts that were obtainsd. The angle of
pull for the lap balt was found by aligning sn Abney level with the anchor
point, and the crotch belt angle was obtained by placing ths Abney level on
the belt itself. The lumbar height was messured to =“» anchor position on a
line parallel to the seat back. The SRP was calculated by locating the
longest protruding cushion probes within the probe arrays.

As the subjects opaerated the pedsle, they were asked if the helt would
either hinder their leg motion or provida undue pressurs on their thighs.

10
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The lap belt anchor point was then varied and the sudbjecte comaented
on the alternats position. Bach aubject did not evaluate all anchor posi-
tions. Lap belt poeitions forward of the presant design position were used
to find if additional restriction te lag movement could be detected. If no
differences were detected, intermediate positions wera not used. They weare
then fitted with the sppropriate protaectiva gear and resecured into the
seat.

RESULTS AND DISCUSSION
The following resulte were obtained from this evaluation:
a. The lap belt did not bind the subjecta' thighs.

b. The body armor and survival vest significaently intersct with the
fit of the restraint system.

c. The seat reference point was found to be 0.75 inch forward and 0.25
inch above the designad point.

The subjects' cummente relative to the interaction of the seat belt
with their legs are listed in Table 2.

Table 3 gives the lap belt tension angle measursd at the anchor point.

There is a general decrease in the lap belt angle as the anchor loca-
tion was moved farther aft from the design position. The angle wvas de-
creased an additional seven degrees vhen the gubjects wors both the body
armor and survival vest. The inflection in the data which occurs 1 inch
aft of the present position was caused by the release mechanism beginning
to reseat against the subject's torso and body armor. The gaps in the
table occur bacause the subjects could not discern a difference and data
was not obtained at those intermediate conditions. '

Table 4 gives the crotch atrap tension angle measured from the hori-
zontal.

In general the crotch strap was not in tensior when the subject wore
the body armor and eurvival vest. The reversals in the dats (subjects show-
ed a lesser angle with body armor) occurs becauss the top of the attaching
mechanism rests on the body armor and is canted forward. This results in
the crotch strap attachment rotating rearward and decreasing the angla.

Figures 7 and 8 show subjects "TPF" and "DA” with the lap belt anchored
2 inches aft of the present location. This position was suggseted by the
contractor as an alternate anchor position.

Pigures 9 through 16 display the general fit of the restraint harness
while wearing the body armor and survival vest.
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sSubjects' Comments

Record Condition® Abchoe Poist fub jeots' Comments Qesavy) Commemts
|8, I\ +°° Doss not bind Croteh strap 1o lesose
v av i Feels that the Wit to pulling Ciach 1s farther aft e thighe -
. his iato the sast mors - Delt crotch etrep oot o8 lowes
N sterting to vind e top
) 190w AV ” Crotck otvep Lo leoss
. 10 1} -2" Doee not bad Ceotch otrap s tight
. 12 1 +° Dose not bind Crotck etrap 1s tight
H kR 2y | 1] r Doee oct Wad Crorch etrep is tight
: U [] -3° Doss ot bind Crotch otrap is tight
' i n -3 Iapinges at the tubd from latchas Crotsh strap is tight
on inmst thighs
ATY 'y ~3° Sone binding Wit vill not hinder Crotch etrap 1s loess - belt wder
fatght breset plate - lar Wit all the wmy
eut
sTY A *)" Tesslon folt ou taighs, sspecislly Orateak etrep tight - delt umder
on &lech dreast plate
60Y ” . Pesle god, 0s problems Croteh estrsp tight
70Y A " Pesls good, ms prodlune Bsck 4o remadad La ssat, predes st
coatacting eck
H DY A * Mo restrictioms Cretch atrsp lseee
f me ”n *l” Presgure folt oo outer thighs Subject required wore pedal
on pedsls sad oa lomsr thighs sijustment thas AAN previded -
whet on bWwakes thie resulted La = wmessfevtadle
thigh taagent angls =ad sore Wit
btuding
1008 n -1° Pressurs ien't as great oo i{mser felt bindiag wp is Wb lacches
[} and suter thighs
: 1188 AV -3° Balt sterting to cut oa tap of
\ thighe
: 118 AV -1 Chafing om neck Crotch strap looss - plats puehing -
on wuskle
1311 AY -1* Siund{ng o outer portion of upper thighs
1408 AV Lo Mote comfortable whea clach wnder plats
thaa over place
1308 4] L 1% e prodlems Cretsh strsp tight
, 1408 Av L4 % Pressure but ne Madlag Croteh otrep wery 10000
H 150m [\ -1° Doasn't feel any uWinding Bub pad ridiag adove redto ea right
] eide
, 1507 ] r Mo restrictions
¢ 160 AY ” o restrictiens Crotch strep loese ~ clash wdu?
P plate while plate rwstiag om bolt
: 1o I\ -1 o diffareuce 1a feel thea precent Croteh otrap lasee
i position
L 1607 AV +0° ¥indiag & little woree Crotch otrep leose
. bE1.4 n -2 e dading Croteh strap tight
: 230G n rn Wo Wndiag Crotel etrep tight
24PC AV n Sindiag om top of thigh but cowld last Crotah strep laese
! the flight
P31, AV -2° Bot se wueh comtsct om thigh Crotch strep laees
' 26Cr 3 -2 Po Modiag
o arce [ ] +1° Tosls the preseuts from the Wit
. . 18Ccr ] 144 Bo objectinas
) 29%Cy AV 14 Some binding is crotch over thighs Croteh otrap tight -
’ joce AV ~1" Bindiag o 1ittle werse Chea present Balt riding wp 1is Wb latchag
l ’ position
' S *AV @ Arwor pleted + survivel veor; 73 = Plight suit] § » Btreat alothes. .
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TABLER 3
Lap Belt Tension Angle

i (Degrees From Horisontal)
Anchor Location Measured Froa Present Position
-2" -1" PP
Body Armor W' wo® W Wo W WO
: Sub ject
JW 48.0 45.5 43.5 53.5 44,0 56.0 60.5
. TF 55.0 59.5 - - - - 764.5 -
; DY - - 55,5 = - - 70.5  63.6
HB 54.0 57.5 58.5 66.0 - - 68.0 73.5
DH 45.5 - - - - - 65.0 71.0
MF 99.5 - - - 55.0 55.0 61.0 -
PG 6[5'5 45.0 - - 5305 6105 - -
CF 4l00 73.0 ﬁa.S - - 5305 - 6105
3 49.4 56.1 51.5 59.8 S0.8 56.4 66.6 67.1
\ S 4.3 11.6 6.8 8.8 6.0 3.6 5.5 6.6
’ N 6 b] 4 3 k] 4 6 5
A 6.7 8.3 5.6 0.5
*W = With body armor; WO = Without body armor. i
TABLE 4 3
l F
' Crotch Strap Tension Angle q
H Anchor Location -2" -1" PP +1" f
o Body Armor We Wo® W ) W WO W Wwo ]
" Subject 7
) JW 57.0 54.0 L 53.5 L 56 58.5 57.0
¥ TP Lb 7.5 - - - - 79.0 -
} DY - - 6600 - - - 7300 7805
) HB L 68.0 67.5 72.5% - - 71.0 70.%
! DH L - - - - - L 58.0 ‘
(! MF L - - - L 67 L -
: PG L 69.0 - - L 69 - - !
CF 67.5 53.5 78.0 - - 73 - 15.0 !

. *W = With body armor; WO = Without body armor.
PL = Too loosa to measure.
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Figure 7. Anchor point 2 inches aft of present position, subject TF.
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? Figure 8. Anchor point 2 inches aft of present position, subject JW.
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: Figure 9. Subject MF, side view, forward anchor location.
; !
]
; |
. 3
P i
1
3
. i
M £
! Y
\ H
) ‘
’ H
i
¥
i
1 11
E £
1
N Figure 10. Subject MF, front view, forward anchor location.
[
1 !
; [} 16
o ‘
i




y
7

e L ——— e

PR G

Fir 1.

Figure 12.

Sub ject MF,

Subject MF, front view, aft anchor location.
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Figure 14.

Subject CF, side view, aft anchor location.

Subject CF,

front view,

1R

aft anchor location.
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Figure 15. Cinch buckle riding over body armor.

Figure 16.

Cinch buckle located under edge of body armor.
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Flgures 9 through 14 show at least tihree variations on how the shoul-
: der straps were positioned by the eubjects over the survival vest. Subject
i MF (Figure 10) positioned the straps outboard to keep the straps from chaf-
ing his neck as seen in Figure 12. Figure 10 also shows the straps riding
over the survival radio and first aid kit which could become damaged under
high "G" loading because they were sandwiched between the subject's torso
and the straps. A loose crotch strap may allow the subject to move placing
Increased pressure on the gear.

. Filgure 14 shows the straps inboard of the survival vest gear with the
. straps bearing on the subject's neck.

; Flgures 15 and 16 show two positions of the lap belt take-up buckle.
i Figure 15 shows how pressure is exerted by the edge of the buckle, and
Figure 16 shows belt pressure distributed across the webbing. The position

of the lap belt take-up buckle will depend on how the subject 1s strapped
intc the seat.

Several subjects had difficulty inserting the attaching spades while
wearing the body armor and survival vest because they could not see the
{ release mechanism (see Figure 17).

Tables 5 and 6 list the data obtained with respect to the lumbar sup-
port and the subject's eye position. The erect eye position corresponds to

: MIL-5TD-1333 at the 14 degree back tangent angle, but is approximately 1
: inch less 1in eye height.

CONCLUSIONS

1. The current lap belt anchor position should be retained for the
following reasons:

a. Comments by the subjects did not reveal a positive effect from
moving the attaching point rearward as was indicated to be a solution prior
to the initiation of this investigation.

: b. The measured SRP is forward and above the design position which
). moves the anchor position aft and downward with respect to the new SRP.
Hence, the recommended relocation has been compensated for to some degree.

)
ri 2. The crotch strap Jdoes not maintain tension across all subjects.
1

3. Normal wear of the retraint harnegs was adversgely affected when the
subjects wore the sur ival vest,




Vislon restricttion.
1

Figure 17.
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TABLE 6
Seat Referance Point Summary Data
(Inches)
Erect Eve Position Slump
Lumbar Support Without® With® Without With
Height Vert Hor Vert Hor Down  Porward Down Forward
X 0.1 29.7 5.4 30.0  S.% 1.2 1.8 1.1 1.7
S 0.8 1.6 1.0 1.5 1.0 0.5 1.3 0.7 1.0
*With « With body armor; Without = Without body armor.
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APPENDIX

PROBLEMS IN LOCATING THE SEAT REFERENCE POINT

With reference to MIL-STD~1333, "Aircrew Station Geometry for Military
Afrcraft,” the seat reference point {(SRP) is the singular point which re-
lates the dimensions of a person to that of the airframe. The design eye
‘ position, while fixed within the crew station, tends to be of secondary
: importance when motion envelopes and seat design are being inscribed within
' the crew station. Unfortunately, the SRP is not a specific point on the
i human torso, but instead, is located in space behind the seated pilot. 1t

ie defined by the intersection of two planes, the back tangent plane and
the horizontal buttock reference plane, which is formed when a subject is
seated.

The specific problem involved in this investigation was to insure that

thke relaticnship between the lap belt anchor point and the SRP was correct

. and according to specifications 85 that a valid judgment could be made

' whether to move the exiating seat belt location. It was also suspected that

the SRP would move from the design polint when the subject was outfitted

k with body armor and survival vest. If this were to occur, then the rela-
: tionship between the SRP and the anchor point would change and perhaps in- !
troduce unknown variables when ihe ancher point was moved. '

Claggical anthropometric measurements are made using unclothed indiv-
iduals seated on a hard flat horizontal surface. The SRP {8 obtained by
constructing a second hard flat seat back surface at the desired angle

; (normally 13 degrees) and having the subjects sit in the seat. The gub-
Jects are asked to square their shoulders and sit erect against the back
surface. Both surfaces define the reference planes by contacting the most ¥
aft and down protuberances of the subject's back and huttocks. Of primary
concern was to transpose this definition to subjects wearing clothing and
seated on molded cushiong. This was done by inserting probes through the
: cushions and seat structure, which could be measured and related to the two
v ' reference planes. The desired location for the buttock probes was below the
! tuberosity protubances on the subject’'s pelvic bonea, and there was no
), guarantee that these would be rhe lowest parts because of the interaction
: of the buttock muscles, cushions, body armor, and survival vest.

)

) A reference polnt for a back protubance ig not defined in efther MIL-

! STD-1333, MIL-5-58095, or USARTL-TR-79-22D.! It was initially thought that

i portiont of the upper pelvic bone and scapula bones could be used as the

: aft protuberances. But when the individuals were seated in the AAH aseat,
portions of the major trapezlus muacle on elther side of the backbone pro-

' ruded farthev afi than the scapuls honea. The back cushinn molded the

3
Afircraft crash survival guide. Vol IV, Alrcratt seat restrainte, litters,
and padding. Junc 1980G.
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: subject's shoulders to a more rounded shape when seated erect in the design
! eye pogition. When the subjects had their right arm in a position to handle
, the cyclic control, their backs wera further rounded. The torso was held in
a more rigid shape when the subjects wore body armor and survival vest. The
lumbar support then became a fulcrum which prevented the upper torso from
testing in the back cushion unless the subjects forced themselves into the
cushion. These factors resulted in back tangent angles of 11.2 to 14.3

degrees.
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