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SUMMARY

Three MPES ejec tion sea ts were evalua ted for weight

and cost. The three seats were the “Baseline” which corres-

ponded to the existing prototype from a previous contract. ;

the “Modified” which was a slight redesign of the “Base line”

to reduce cost even at the expense of increased weight; and

the “Composite” version which was directed toward reducing

the seat struc ture cos t through the use of composite ma ter ials.

A decision was made based on weight , strength and stiffness

considerations to use graphite fiber in the Composite version .

The lightest weights for each of the three seats , where a

number of options are described in the report regarding

material type and component design , are as follows :

Baseline : 30.75 lbs.

Modified: 35.52 lbs.

Composite: 37.50 lbs.

The corresponding projected cost numbers for these same

weight configurations are :

PRODUCTION COST PERCENTAGES INCLUDTNI~
TOOLS (BASELINE @ 100 EA —S M~~

100 SEATS 200 SEATS

BASELINE : S MAX (100%) .~l. MAX
MODIFIED: 2. MAX ~~~~. MAX

COMPOSITE: S1~S MAX ~~~. MAX
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NADC-79011-60

The total estimated prototype cost for one and five corn—

posite seats are $270,000 and $395,000 respectively . A number

of potential methods for reducing the prototype costs are

t briefly mentioned.

The ~wo metal Baseline and Modified ejection seats must

be considered as proven struc tures because of the success of a
tested prototype of the Baseline version. The Composite seat,

jS on the other hand , is expected to be structurally acceptable
but it does require some development effort to establisfl the

V manufacturing process.
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An InvestIgatIon Into the p o t e n t I a l  of u s in g  c o m p o s i t e

mater Ials to d e ve l o :~ .i s t r u c t u r I l  c c n c e t~: for c “ Mux imum ~e : —  
V

:‘o rm an c e  ~s c c ~ e ~v s t e m ” ( M F E ~~) eJ e c t  I o n  seat  was  ~ er : ’ ~~~~~~ a .

a p r e v I o u s  p ro gram ~~~~~ sc:’ t~c :‘y t h e  ~n I t e d  ~ tc t es  . l :a

AIr evelop ment c en t e r , The ~udd C o m p a n y  d e v e lop e d  .i:: a c c e p t  ‘ib e

metal MF~ S seat structure , FIgure i—I , w h I c h  w I l l  b e c om p ared

to the compOsIte seat on a weIght and cost basis. The b a sI c

meta. structure utI .Ized a s a n d wI c h  constructIon of a l u m i n u m

honeycom b core wIth alumInum facIngs w h I c h  yIelded an excel..ent

ligat welgnt s tr u c t . .r e . The s t r u c tu r e  was further enhanced ~y

the smoota  c l e a n  e xt e r I o r  w h I c h  It  t ’r e s e n te d  f o r  m I n I m I : i n ~
Interferences w i t h i n  tue  c o c kr It  . ThIs  was accom  I s h ed  in part

by e m t e c i l n g  V l l  c o n t  r o d  cab des In the u c n e y c  ~mb s t r ..~c

The ::~et a l  seat  s t r u c t u re ~ r e v Iou s l v  f ab r I c a t e d  i t a s to o d

t h e  c o m r l n e c  cr a s n  test load of ~ g and successfull p a s se d

a l l  of ne t est lug . :his J~ s Ign , s h o w n  In F’lgu~-e — . , is

considerec .ic the “~~ase d ine ” sec t fo r t he c . r r o nt  s t n d y  *

‘o co nslcer a mass cr : d u c e i  v e r sI o n  of t h o  ~a se i I n e , ~~ : *~~*~* t~ .

poss l b Ic , :‘cr~z i n gs  , cc s :In~ s ani ex t m c  ions  ~ere  su b s t I t

and a r e s u l t in g  p r o d u c t I o n  co s t  e st a b l ! s n e d.

A n a l t e r n a t e  desIgn  t o  t he  E~cs e I I u e  h as  been  cev o p o d

durIng thlc s: udy . Is c o n sI d e r ed  t o  be t h e  “ V O i  f I e i~

desIgn becauo e It Is ~cslc.tll: t ue baseline sec t ctnno t ..

some ~han~ os. ‘The ro un de d c o rn er s  of  t h e  b o t t o m o:’ the coat

b u c k e t  as seen In F igur e  I—:  have  been :‘er aced by
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corners and other features have been incorporated to reduce the

cost of a production seat even at the expense of a weight penalty.

With the increased acceptance of the advanced composite

materials for use in aerospace structures , the MPES ejection seat

became a potential application . Therefore , the thir d vers ion of

the MPES sea t to be cons idered is the “Composi te ” one . A number

of fabrication techniques were considered for the Composite V

version with the final selection based primarily on attempting

to reduce cost. The concept chosen involves the use of eleven (11)

compression molded components which are subsequently bonded and

riveted together. Each molding consists of continuous graphite

fiber skins with chopped glass or graphite fiber ribs. The main

load carrying members are aluminum extrusions or machinings which

are connected to each other thus avoiding highly loaded metal—to—

composite joints .

_ 1 4 _

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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V 2.0 Aluminum Honeycomb MPES Seat Structures

2.1 Baseline Seat

Comparison of the three (3 )  types of MPES seats on both a

weight and cost basis requires that they be in a production status .

For the Baseline seat this would mainly involve replacing those

machined fittings with forged , cast or extruded ones where possible .

By possible it is meant that the existing strength must be retained

especially in considering extrusions where another alloy may have

to be used. Where it is not possible to retain the proper strength ,

then the machined fitting will be retained for the Baseline seat

structure. The weight of the Baseline structure is 30.75 pounds .

2.2 ModifIed Seat

In establishing the design of the Modified seat structure ,
V 

the seat bottom went from a rounded corner to a square one. This

resulted in simplifying the lower attachment between the bucket

and the seat back. In addition, fittings and joints were simplified.

The results of this phase of the study are shown in Figures 2—1

through 2—15. FIgure 2—1 shows the details involved in going to

a square bottomed bucket. A 2024—T4 extrusion runs from the seat

back to the front of the bucket and satisfies the corner structural

requirements. The actual connection to the seat rail structure is

V accomplished with the 7075—T6 angle extrusion shown in Figure 2—2.

V This approach eliminates the fitting shown in Figure 2—3. Returning

to Figure 2—2 , the angle extrusion is connected to the closeout of’

the seat rail structure . This closeout , which used to run across

the entire back and rail support has been modified to just include

the rail area as displayed in Figure 2—4.

LA .

~~~~~~~~~~~~~~~~~~~~~~~ 

H
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FIGURE 2-1

Weight Increase Resulting From Modifying The
Rounded Bottom Of Bucket (Ref. Eudd Dwg. J 2 5 4 5— l o l 0 0 0 )

I I t i

~‘~T N .’ ; 
- 060 r

_ _ _ _ _  

E n

Single Piece Skins — No
Center Splice Required 

V

1 in.
V I V

Increase In Weight Per Seat : 0.966 lb.

L — 6 —
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The remainder of’ the seat back closeout is replaced with a

6061 angle extrusion shown in Figure 2—5. Also seen in Figure 2—~

are the closeout for the seat bottom and the reinforcing angle

between the seat bottom and the seat back. This angle has been V

simplified to a 7075—T6 extrusion as displayed in Figure .2—6. The

closeout seen in Figure 2—5 was simplified into two ( 2 )  solid pieces

shown in. Figure 2—7 .

Figure 2—8 displays shifting the lower attachment of the leg

side support to a lower position. By doing this , the one piece

bulkhead on the Baseline structure can be replaced by a top and

bottom piece as shown in Figure 2—9 . The lower piece ties into

the lower attachment point of the leg side support . Each of the

two (2) vertical members of the bulkhead of’ Figure 2—9 are re—

placed by two (2) angles which are bonded In place after assembly .

The closeout member of the leg side support was , on the BaselIne , 
V

a one piece machined fitting . It is to be replaced by a built—up

structure consisting of two (2) castings and a channel extrusIon

which is to be subsequently slotted and bent as shown in F igure

2—10. The closeout for the bucket’ s bottom can also be sImplI fied

because of the previously discussed alteration of t he  leg side

V 
support . The details are shown in Figure 2_il where the

solid bar replaces the previous ly curved machined pai”

The proposed redesigned j o i n t  be tween  the seat b - t c .~. and  10

V 
raIl support is detaIled in FIGure 2— 12 . The E~ase1Ine - .‘~.‘c

luvc ves gur. d r Il ll nh  and c h em — u l i l I n C  of the  f I  t t  !n~t t o

reduce weigh t . The redesi~ ned joint involves the

-

~~~~~

0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ V~~- - ~~~~~~~~~-- -
~~~~~~~~~~
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FIGURE —5

Weight Increase Resulting From Adding An
Angle Reinforcement Between The Bucket 3ase
And The Seat Back (Ref. Budd Dwg . J25~45— 1OlO00) V

_ _ _
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I I 1 i~ c- 7I
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6061
Extrusion

Increase In weI ght Per Seat : 0.293 lb .
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FIGURE .2-7

Weight Increase ResultIng From Modifying The
Bucke t ’s Rear Channel FItting (Ref. Budd Dwg .
D2379—0030 & 31)
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FI GURE 2— 8

Weight In crease Resui tj~~ Prom MOd1fy j~g Th e Leg
Side Support (Ref. Budcj Dwg . J2545_ ?010 (1Q)
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FI GURE 2—1 0

Weight Increase Result ing From Modi fying The
Bow Channel Fitting (Ref. Budd Dwg . D2379—0032)
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FIGURE 2— 11
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Weight Inc.rease Resulting From Modifying The
Bucke t ’ s Fron t Channel Fitting (Ref. Budd
Dwg. C2379— 0028 & 29) 
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FIGURE 2—12

Weight Increase Result ing From Mod ifying The
Corner Fitting (Ref. Budd Dwg . C2379— 0013 & 14)
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use of two (2) extruded 7075—T6 shapes . The skin thicknesses

are equal to the skin thicknesses of the  Baseline where c h e m — m i l i —

ing was not performed on the fitting . The Baseline rails also

involved chem—milling , which again is being eliminated in. the re-

design effort as shown in Figure 2—13. Here the rail will be a

7075—T6 extrusion which is then bonded and riveted to a plate

V whose thickness is equal to the nonchem—milled portion of the

Baseline rail.

The main fitting of the bucket is shown In Figure 2~~114 . The

• redesign effor t Involv es a built—up structure using a forging , an

ex trusion , and a casting which are bonded and riveted together.

One final change Involves the bucket’s ring fitting which is to

be a solid cross—section castIng as shown in Figure 2—15 .

In the previous discussions , wherever rivets are shown it

should be interpreted that both rivets and bonding will be used

together. The total weight increase per seat for those changes

depicted in Figures 2—1 through 2—15, is ~4 .77 pounds . Wh ile it

is felt that detailed layout drawings would indicate saight v a r t a —

tions to what has been proposed , the we Ight increase obtained

should still be considered a very reasonable estimate of a modified

production MPE3 seat structure . In the redesign effort , no ctr u c—

tural compromise has been required and it is anticipated t ha t the

modified seat would satisfactorily meet the same 1oadin ~ re~ nL:’e—

ments as the baseline structure .
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FIGURE 2—13

Weight Increase Resulting From Modifying The
V Rail (Ref. Budd Dwg . C2379—OOl1. & 12)
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Two additional modification s were considered to thos~-

already presenteu in Figures .2—1 t h r o u g h  2—15 . The firs t

additional modification Is shown in Figure 2— lb which  re-

places the built up leg side support with a casting. The V

casting is attached to the bucket the same way that the

built up leg side support was. The side skins from the

bucket , however , now on ly lap over the casting approxi—

mately 0.60 in. to insure a good shear tie. If the modifica-

tion shown in Figure 2—16 is used in place of the previously

described version , the weight Increase ot’ the ejection seat

would go to 6.38 pounds up from LL77 pounds for a weight

delta of 2.11 pounds . r
The second mod float ion Involves the one pie ce corner’

fitting shown in Figure 2—17 whIch would replace the two

piece arrangement of Figure 2—12. The weight delta , over

the 4 .77 pounds , incurred by using the  arrangement ~f Ftgu:’e

2—17 is 2 . 3 9  pounds . If b ot h  Figures 2— Ir and 2 — 7  we re

utilized then the total ejection seat weIght Increase would ~~~~
-‘

9.27 po~ tiJs . In the product ton cos t  evaluat Ion of Sec t t on ~~ ,

the modificatIons shown In F igures  2 — I  t h r o u g h  . 2 — l~ ~re ‘b oa

out as one comp lete p i c k a ~~e. Then tn  •idd . t t no *~~~~~~~
. -~

be modified for Fbgure . 2 — l b  and for :~‘bgur e 2—U .

— 2 3 — 
V
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FIGURE 2—1 6

Weight Increase Resulting From Modifying
The Leg Side Support (Ref. Budd Dwg . J25115_lOl000)
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Weight Increase Resulting From Modifying
The Corner Fitting (Ref. Budd Dwg . C2379—0013 & l~4)
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3.0 Composite MPES Seat Structure

The unique features of composite materIals , both as to their

differences in fabrIcation and ability to easily tailor theIr

struc tural properties when compared to aluminum , require a rea~ —

3ign of the MFE3 structure . In the aluminum designs , for exazr.p e ,

the honeycomb core was chosen to provide the required shear

strength at the critical section with the remaining sectIons

being overdesigned . With the Composite design , howe ver , every

section becomes a critical section in order to mInimIze weight.

The scope of the effort did not allow for an in—deptu analysIs

and therefore the weight of the Composite design may not have

been minImized. The resultIng chosen Composite desIgn utilizes

the proven major load—carryIng aluminum components from the metal

designs wIth the sizIng of the composite accomplished accordIng to 
V

the following structural consideratIons:

— Match strength of baseline desIgn

— In critioa . rail support and seatback structure , V

match stIffness of baselIne seat to avoid add !—
tional drag on rails caused by excessIve det’o:’ma—
tlon

— Match the stIffness of the  baseline bucket top
and bottom to resist hiCh norma l e~ ect!on lcadlnc

— Match axial stiffness for the rest of the bucket
cons t ruc t ion

In additIon , tne following guidelInes were followed:

— For those or! t ica l  areas where b en d I n ~t I c •~d~
exIst , a sandwIch , w~~.ch Is the :rc5t effb
c o n s t r u c t I o n , wI~~. he :~in ! n t a I n e a.

— For those areas whero no sIgnIfIcant bendIng
loads exIst , a rIbbed s t r u c t u re  wil , be
acceptab le

V - 
V 

- 

-

- —
~~~~M~

- 
~~~ 
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3.1 Composite Material Properties

Prior to evaluating the potential composite designs , an

understanding of the various composite materials is required. V

Table 3—1 lists - the properties of several composite

materials and 7075—T6 aluminum whIch is used extensively

in the metal designs. The data for the compozite

systems represents woven balanced cloth. The cloth data is

presented because of the availability of the data and because

the composite will be used primarily in the areas of shear

transfer (where a + 45° layup is required) or in areas of a

bi—directional loading (where a 0/90 layup will be used). r
For actual cons truc tion , non—woven angle—plied material

(i.e., + Q fiber direction ) can be obtained from the fiber

- manufacturer or prepregger and the material will be used in

this form.

All of the composite systems of Table 3—1 have specific

tensile strengths which equal or exceed that of the aluminum .

The compressive strength magnitudes for the graphites are

basically the same as for tension while there is a modest

reduction for the E and S glass composites. The Kevlar ~J9

composite has relatively poor compressive strength , approxi—

mataly 30 percent of its tensile strength.

Comparing the specific tensile modulus from Table 3—1 ,

V only the graphite exceeds the aluminum value , with Kevlar ~49

fairly close. From the standpoint of impact resistance and

energy absorption , the Keviar L~9 Is much better than the

— 2 7 —
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relatively brittle grapnite. However , the structural properties

of Kev lar , especially the compressive strength , are on the whole

not as good as the graphite. In addition , the design chosen

places the higher load reactions in the aluminum frame without

the need to go through a highly loaded aluminum/composIte joint.

This shou’d prove beneficial in an impact environment .

The conclusion is that the graphite system appears to be

the best choice to match the structural characteristics of the

aluminum seat . While Table 3—1 presents material data for Type

A graphite only , there are actually two other types of graphite ,

namely the High Modulus ( HMS ) and High Strength (HTS ) graphites.

The HMS fiber was not considered because it has a much lower

ultimate tensile and compressIve strength , than the Type A

graphIte , along with its increased modulus . The HTS f ibe r  has

slightly higher strength and even a higher modulus than the

Type A graphite , but Its cost is considerably greater. n any 
V

detailed desIgn , all three graphIte types would be candidates

and the dIfferent fibers may be used at different locations

on the seat whIle utIlizing the same basic resin system. For 
V 

-

this study , however , the use of the Type A graph ite f ib er wa s V

considered exclusively .

3.2 Design Concepts V

A number of concepts were cons idered In desIgnIng uith

composite materials . The most promIsing ones are presentei

in FIgures 3— 1 through 3 — 3 ,  where  t he  signIfIcant a d v a n t a ge s

and disadvantages are noted. In Figure 3—1 is presented a

— 29 —
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FIGURE 3—1 
V

CONCEPTS FOR COMI’OSITE EJE CTI ON SEAT

Aluminum and/or N omex Core With Continuou s
Fiber Composite Skins (Cocure P’abr lcatlon )

Woven Clot h or
Unidirectional

V Prep r egged
Composite Skins

H i V

I IW H 
~~~~~~~~~~~~~~~~~ ,

Nome x or Aluminum
Honeycomb Core

Advantages Disadvanta ge s

—— Lightest Pesign — — No S ign if ica n t  Co~;t
Savings

V —— Can Easily Change Thickness
of Skin Locall y —— Require s Au toclav e Cur t-

—— May i~equ! re 1’ ~~~~ t e c t
A~t :iinst V h u 1 V u I ~~1~~ ~

‘
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FII]URE 3— .~

CONCEPTS FOR COMPOSITE E J E C T I O N  SEA T V

Reservoir MoldIng

Woven Cloth or 
-Unidirectional -

Composite Skins

V Flexible Urethane
Foam F i l led  W1~ hV 

V A Resin Wi-itch
V lmpregna~es ~“.‘mi~ ~-Y

V 
V 

Skins and A1s4 ’ ‘up e: -
- V In Foam To ~

‘
~~
‘
~~

- •
~~~ ~~

Ri gid C4V’ 1 4 ’

Advantages Disadvantages
V 

—— No Machining o t’ Core —— DI ff’icu i t  t e ~~‘‘  at o ‘.‘~~
- 

~

Required Rein for’cement ~~~- ‘~~~
‘ 

~~~~~ 4 ’

Bolt ~ng an d H v et  ink -
—— Works Wi th  Dry Fabric Sk ins

—— High 4 ’rt ’ I~~t~~~U -  ~ t. V ~-~e4~ U—— Can Easily Change Thickness to Car ry  ~he;n ’ ~~V~~ ’~~ l~~ft V
of Skin Locall y

—— R est r ic t ed  t~~ a “S ~) ” F’
Curing Hes in ~ ‘ 4 - a w V 4 - - -

Foam Pegr:i4i:it on
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FI GURE 
V

CONCEPTS FOR COMPOSITE EJECTION SEAT

Compression Mold . Halves and Bond Together 
V

Taper to E l imina t e
W ip In g~~~ Adhes ive

V 
_____ 

During J!~” BondingBond Chopped Fiberg1a~.:- -

V V ( HMC~
_ _ _  V

Woven Clo th or
Unidirectional
Prepregged Composite Skins

Advantage s DIsadvantage~

—— Potentially Low Cost —— Heavier Than Baseline

—— Can Locally Change Rib
Spacing and Size to Match
Loading

—— Can Locally Provide Reinforce-
ments For Use in Bolting and
Ri veting

—— Uses Relative ly Low Cost Tooling

—— Can Easily Change Thickness of
Skin Locall y
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sandwich concept where the aluminum skins are replaced by

graphite.  This approach produced the l igh tes t  design of the 
V

ones considered but it afforded no s igni f icant  cost savings .

In Figure 3— 2 , the honeycomb core of Figure 3— 1 has been re—

placed by an open cell f l e x i b l e  foam which has been sa tu ra ted

with  re siii . The assemb ly is placed in a closed mold and pres-

sure and heat applied. The pressure forces the excess resin

out of the foam to impregnate the (woven )  skins.  Upon cur ing ,

the remaining resin lef t  in the foam causes it to become r igid.

Unfor tunate ly , if the shear s t rength of the a luminum honeycom b

core is required , the foam density needed to match this  s t rengtn

becomes much too high .

3 .3 Selected Composite Design Concept

The concept presented in Figure 3—3 appears to  be the one

which has the most potent ia l  for reducing the cost of the e j ec t i on

seat . It u t i l i zes  a grap il te  f iber  ou te r  skin which  is s i m u l t a n e o u s l y

cured wi th , and bonded to , the ribs which  are made from the HMC

chopped glass system.  The resin used w i l l  be a r e l a t i v e l y  ‘.lu ick

curing po lyes te r  sys tem and matched m e t a l  molds w i l l  be used t o

provide the heat , pressure , and component shape. From Re fe rence

the interlaminar shear strength for the chopped fiber sy~ tenis t s

approximately 14700 psI. Using this value it was possible to size

the ribs shown in Figure 3—3 such that the rib shear strength

would be equivalent to the aluminum honeycomb core .

— 33 —

______________ —



1
~~ ç. 90fl (~0

Two separate com~resston moldings would be designed so V

V that they could be subsequently joined by bcnding the ~MC

ribs together using a quick cure cap filling adhesive ,

thus forming a sandwich structure . The ribs shown in Figure

3—3 are tapered for two reasons . First , the max imum shear

strength Is not required along the entire height of the rib

and so to save weight the thickness at the tip is reduced

to the minimum which can be commercially molded. Second ,

by tapering the rib , the adhes ive will no t be wiped away

when the two halves are bonded together. When the struc ture

is not a sandwich , then the rib will be a constant thickness

except for the draft required to remove the part from the mold . V

Figures 3—14 and 3—5 give the proposed Composite version

of the MPES ejection seat. A total of eleven aifferent mold-

ings are required to form the basic structure . The eleven

moldings are :

• Side Structure — including rail support , bucket side ,
and knee support — Right and Left requIred.

• Rail Support — bonds to the side structure to form a
sandwich structure — Right and Left required.

• Seat Back — consists of a Front and Rear moldIng w h I c h
are bonded together to form a sandwich structure .

• Bucket LId — consists of an Upper and Lower moldIng
which are bonded together to form a sandwIch structure .

• Bucket Bottom — consists of an ~Jpper and Lower mc dlng
which are bonded together to form a sandwIch str-~~t o .’e. V

• 3uo~ et :rcr .t — a sIngle mo~ dIn~ .

In addItIon to the basIc e even nclJI~~:s then-~ ire -
~ ~a l n

aluminum structural member s , 3 of whlcn -ire ext ’-~~ s t V ’ns
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V

one is a relative ly simple machining.

As noted previously the HMC ribs were sized to match the

shear strength of the honeycomb core In the critical areas .

Outside o~’ these areas , the ribs were allowed to reduce in

thickness as the load decreased. Th orde r to assemb le tne two

halves of the sandwich , the ribs must  nes t .  Figure 3—6

provides the type of nesting which is envisIoned .

3.4 Manufacturing Process

The following is a brief descr ipt ion of the ant ic ipated

V 
product ion sequence along with  an overview of the required

equipment :

• For large quant i ty  produc t ion , up to a maximum
range of 2000 seats , zinc or aluminum molds can V

be used.

• The minimum taper on the side walls wi l l  be 1 to 3° .

• The mold will be provided wi th  a means of hea t ing
to 1400° F .

• The total  mold (bo th  h a l v e s )  is es timated  to be
10 inches th i ck  wI th  a 3 inch boundary around the
part perimeter for adequate high temperature unI-
f ormity .

• The mold should be mounted in a hydrau l ic  press
whose tonnage c a p a b i l i ty  is equal to 1000 P Si
of plan view of the molded p a r t .

V • The graphite prepreg is tr imme d to fIt the  mold
using a steel rule die and the variou~ pl ies  are

F then s t acked .

— 37 —
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• The Hi4C material  is cut to match  the pattern
of the r ibs using a steel rule die.  V

• The die cut HMC piece can be placed on the
graphite prepreg for  support and the complete
charge is then t ransferred to  the mold.

• The mold temperature  should be maintained at V

300° F and the charge placed w i t h  the HMC
mkterial facing up.  

V V

• The mold is closed and the pressure is maintained
during the complete cure . The cure t ime generally
is one minute for each 0.125 in. of maximum thick-
ness.

• During the cure cycle , the next charge can be
prepared.

• After  the cure time , the mold is opened and the
part removed.

• The excess flash is trimmed from the molded par t .

Af te r  the basic eleven parts  have been molde d then those areas

to be bonded wil l  be e i ther  primed or abraded and solvent wiped

and then bonded together  using an adhesive , such as Goodyear ’s

Pliogrip adhesive system. This sys tem has a quick  room temp e ra—

t ure cure (a l though an exothermi c reac t Ion  is encounte red~ us ing

V light pressure . ThLs  adhesive is a f l ex ib le  one and dI sp l ays

a relatively stab le bond strength over a wide range of’ bond line
V 

thicknesses.

3.5 Estimated Weight of Composite MPES Seat

The Composite MFE S seat w h i c h  is detai led in Figure s $—- ~
and 3—5 and described in the previous  sect Ions  Is estimatod tc

weigh 41.0 po unds . The weIgh t c o n s I st s  of -~.3 pounds c:’ ~t:’aphite

prepreg,  lb . - pounds of HMC chopped glass p o l y e st e r  ~n c I .

of adhesive . The remaInIng  l 3 .o pounds are in the alumInum ex—

trusions and mach ln lngs  and miscellaneous hardware .

V 1~T
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Some weight reduction is anticipated after a detailed

stress analysis of the proposed Composite seat is corn—

pleted. It wi l l  be possible to eliminate some of the

4 1.0 pound weigh t by reducing some of the conservative assump—

tions used in arriving at the total we igh t .  Even if’ the 141.0

pounds is a realistic number then another poss ib i l i ty  exis ts

fo r reducing the weight . If the chopped glass In the HMC

material is replaced by chopped graphite fiber, an additional

savings of 2.3 pounds can be achieved for a composite seat

weight of 38.7 pounds . While HMC using graphite fibers is not

presently in commercial production , the re is no hesitancy on

the material suppliers par t to indicate that such a system is

possible . Another potential  benefi t could be obtained by using

ch opped graphite fibers in the HMC , whi ch is the possibility

of a higher shear strength.  The standard HMC has an inter—

laminar shear strength of approximately 14700 psi which was used

in the design of the ribs. Very limited test ing indicates that

HMC wi th  graphite fIbers  could have an interlaminar shear strength

of 5200 psi.  If this hi gher s t rength is possible , then an addi—

V t ional 1.2 pounds of material could be saved resulting in a fInal

composite MFES seat design weighing 37.5 pounds .

3.6 Potential for Success of ’ Composite ~-IPES Seat

V The proposed c omposite seat fabr icat ion concept represem:~
a s ignif icant  depa rture from most aerospace s t ructures  and as

suon would require scme development effort . The poIn t of uni-

queness en:al l i  the  mIxIng of two dIfferent compos Ite s~ ot e-’ 

one beIng ~i C  w u l c h  is expected to flow readIly under pressure

to fI l l  the r Ib cavI t I e s  In the mold. The other m a teml a l ,

— 40 —
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the continuous fiber graphite prepreg, should not be allowed

to flow in order to maintain proper f’iber orientation and

to be free of fiber wrinkles which would reduce its strength.

Some development work is necessary to estab lish the techniques

for satisfying these requirements. Prior to suggesting

the choseh approach some trial runs were made using an

aluminum mold containing a single rib . Figure 3—7 presents 
V

photograpns of the results of these trial  runs . It appears tha t

the previously noted object ives were obtained for the two dif-

ferent composite systems used.

Upon removing the cured part from the mold , there will  be

some thermal distortion as the part cures to room tempera ture . V

This distort ion should be reduced If the chopped graphite fIbe r

Is used in place of the glass in the HMC mater ial .  In any event ,

it is anticipated that the therma l dis tor t ion  will  be small and

that when the molded parts are bonded to the aluminum fittings 
V

or to each othe r to form sandwich constructions , the distortion

can be e lln lnated .  The resIdua l stresses r e s u lt ln C  from

f la ten ing  the molded part  dhould not be c r i tic a l .  Another

alternative is to machine the mold to account for the resultIng

thermal distortion such that the molded part w i l l  be r e l a t I ve ly  
V

flat after cooling to room temperature .

The two basic load carrying structural materials used in

the c omposIte  seat , namely a luminum and g r a p h I t e , have extre ::~c

differences In their coeffIcIents of thermal expansi on. ~~~ V

aluminum the coeffIcient of thermal expansion ,~~~ , is l~ x li

in/in/°F whIle for a C0/90 graphIte epoxy Iayup the C on

_ - V V V 
~~~~V V V ~~~~~~~~~~~~~ V~~~~~~~~~~~~ V V V_ V~~~
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value is 1.7 x 10 6 in/ln/°F. The difference can cause thermal

stresses in the room temperature cured bondline joining the two

materials . The proposed composite seat design involves a number

of such aluminum to graphite bonds which must be analyzed. To

obtain a rough estimate of the resulting thermal stresses consider

a bimetallic strip which is prevented from rotating and which

has an aluminum thickness of .060 or .090 inches and a [0/90

graphite thickness of .036 or .060 inches . The worst condition - V

for each of the aluminum , graphite and bond does not occur for

the same thickness geometry . The maximum aluminum stress for

V 
a 130° F temperature change from room temperature is 7080 psi.

For the same tempera ture change, the maximum graphite stress is

9970 psi and the largest average shear stress in the adhesive

is 840 psi.

The adhesive mentioned as a possibility, Goodyear ’s Pliogrip ,

is a relatively flexible one . This is an advantage for toleratinG

thermally induced deformations without failing . The stress

values indicated do not represent a potential problem by them-

selves - . In reviewing the load history on the seat it appears

that the mechanical load and the thermal loads do not act at t he

same time. When the pilot ejects , the maximum forces are

applied to the seat. The seat, however , has been in a tempemn-

ture controlled environment prior to ejection . Due to the sliont

auration oV t:ie ejection , tne seat does not have suffIcient tI :~e to

develop the the rmal loads. It is only during the relatIvely unloacec

freefall conditIon that thermal stresses begin to develor . y e n c e , V

it should be satisfactory to perform a thermal stress an a ly s  lo

__ 
- -— - 
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V independent of the mechanical loads stress analysis.

No formal stress analysis has been performe d on the pro—

posed composite ejection seat. As such the dimensions and

weights can only be considered to be estimates. An attemp t ,

however , was made to develop the composite seat using

concepts which proved satisfactory with the a luminum sea ts .

The main reactions from the ejection thrust are taken by the
V 

upper and lower aluminum fittings of the bucket. The [t 145]

graphite skin between these two fittings provide the shear

transfer capability while the ribs prevent compressive in—

stability .

The aluminum rail from the baseline aluminum seat is

retained . In addition a major structural fitting at the

junction of the seat back and rail support is made from

aluminum . A slight departure exists where the upper and lower

aluminum fittings of’ the bucket extend through the just mention-

ed aluminum corner extrusion back to the rail. All four aluminum

pieces are subsequently riveted together to form t he  t ’: ickhone of

the seat. in addition , because the side of’ the seat Ls molded

as one piece , an excellent shear tie is provided by the graphite

between the rai l support and the bucket. The rest ci’ the struc-

ture is very similar to the aluminum design except the previ ously

discussed compression molded p ar t s  replace the aluminum hcnt ’y—

comb core and aluminum skins.

In summar y, t t. is thought that by has lug he des i~ n on

existing su c c e s s t’u ~ aluminum seat  t h a t  t h e  co iposlt e V ’ n :;  I on c m i

be designed to  be s t  ruct ura l ly e q u l v a 1 e n t ~. ~Sorne deve ~rm (-flt 
V
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work is required for the comp ression moldings but based on the

trial runs performed it is expected that the proposed approach

will be producible as described previously .

3.7 Environmental Effects V

Mos t of’ the published work involving environmental et’fects

utilize epoxy resin systems . The results presented here will

be for such resins even though polyesters are being considered

for actual production fabrication . If polyesters prove t o  be

unsatisfactory then the slightly longer curing “snap cure ” epoxy

systems may be an acceptable alternative . The results to be

presented on coated systems should pertain somewhat to the coat—

ed polyesters although actual testing is required. p
The first environmental condition considered is high and

low temperatures. As mentioned previous ly , the ejection seat

is nearly room temperature at the time of ejection which Ls the

time of maximum loads . At other times the seat is minima lly

loaded and temperature extremes are not expected to create much

of a problem since the graphite epoxy system can operate from

approx imate ly  — b~~~’ F to .250°F. Due to the lower loadings at

the tempera ture  ex t reme s , the  changes in m a t e r i a l  p r o p er t I e s

should not cause any sign i f i c a n t  problem.  The e f f e c t  c t ’ -~~ soak

at the temperature  extremes and the  e f f e c t  ci’ c y c l i ng b e t w e e n

these extremes should  prove to be of no p rob lem.  This  L o p r l n o  I-

pa l ly  because th e  normal t emper a t  ure ex t remes  en c o u n t  ered art’ n ot

t ha t  severe and would  pro bab Ly cc cur  d u rin g  g round  t i e — d o ~~n

— —

- 
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- ‘V Humidity effects are next considered. For unprotected

graphite/epoxy laminates, Reference 2 provides the information

presented in Figures 3—8 through 3—10 . In these figures the
V 

baseline represents specimen tests where no weathering has -

taken place. The thermo—humidity cycle consists of the basic

98 (+ 2)% relative humidity plus 1—1/2 hour exposure at —65° F

each day followed by 1/2 hour at 250° F. The accelerated 
V

weathering used a weatherometer. As can be seen in Figures 3—8

through 3—10, the graphite system tested shows very little de— 
V

gradation in the mechanical properties tested. One might argue

that the tests may show a greater degradation if the exposure

nad been performed with the specimen under load. However, when ‘V

the seat is subjected to a moisture condition, it is relatively

unloaded and the test results presented are therefore applicable .

Two further comments are required: where actual test data is pre-

sented , the data represents the response of a particular graphite/

epoxy system and it is not necessarily typical of all graphite

composite sys tems . Secondly , effe cts of moisture , where detri-

mental , can be minimized with the application of a suitable

surface protection coating.

Moisture may reduce the graphite composIte bond strengths

V through the potential galvanic corrosion problem when such

J materials are in contact with the aluminum portions of’ the

seat structure . In Reference 3 the problem was investigated

using two env ironmen ts , ASTM 5% salt spray and synthetic sea-

water plus sulphur dioxide spray . The effect on the adhesive

bond between the graphite laminate and the aluminum honeycomb

— 1 4 6 — 
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core was tested with flatwise tension tests. There were signifi-

cant measured strength losses for these tests aver’aginC

141.3% for the 5% salt spray and 78.0% for the synthetic sea-

water plus sulphur dioxide spray environments. Similar re-

sults for aluminum skin bonded to aluminum honeycomb core

were also very high at 29.8 and 69.1% respective ly . In addition

the adhesive used was slightly conductive which may have con-

tributed to the poorer showing of the graphite. For both

types of specimens however, it appears that the bonding may

be the more critical component , rather than adherer-id degradation ,

which needs further study to establish the environmental effects.

The effects of galvanic corrosion according to Reference 14 can

be minimized by the application of an epoxy primer and a poly-

urethane paint in addition to using standard wet fastener in-

stallation techniques when metallic fasteners are used.

The effect of natural weathering , including moisture and

sunlight , was studied in Reference 5 where coated and uncoated

graphite specimens were subjected up to 18 months of natural

weathering. The effect on tension , compress ion , and short beam

shear were established for the specimens which  were subjected to

the natural weathering while loaded to an approximately

in/in tensile strain. what was found from the tests was t~~~~ t

certain ~raphite s~’stems are less affected L~y the weatIierin~: - : :V m

others but that In most cases proper surface coating prov~-~iec

sufficient protection .

— 5 0 —
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FIgure 3—11 presents the data from Reference 6 where V

coated and uncoated graphite/epoxy specimens are tested at room

temperature in compression and short beam shear after exposure

to one of the environments noted. The effect of immersion in 
V

typical aircraft solvents is seen to be small , with coated

specimens , in mos t cases , yielding better results than the F

uncoated ones .

Graphite/epoxy composites can be ~tbraded by wind , rain ,

dust and sand. The ai~tount of erosion can be related to particle

size , quantity, velocity and duration. Experience gained

through the use of graphite/epoxy on automotive structures has

Indicated that the damage from these low energy level impacts

can be negated with the use of coating materials such as neoprene

or polyurethane. It is assumed that the erosion potential for

V 
the ejection seat would not be more severe than for the auto—

motive structures tested.

During ejection , the composite seat could be subjected to

a thermal shock at the same time it is undergoing very high

mechanical loadings. With a 15,000 psi. preload , a thermal pulse

caused a 20~ degradation In the tension and compressicr-i strengths

for the graphite/epoxy system of Reference 7 while the stI ’:~e~~

was unaffected. The actual reduction for the seat would be re—

duced considerably due to the large amount of Insulating ma:erL~is

surrounding the seat ; inc luding  the pilot , seat padding, pa~’~ chn:e ,

and electrIcal equIpment .

- 
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Other env ironmen tal con dit ions , wh ich have received less

emphasis and which will be mentioned briefly here have been

radiation exposure , lightning strike and fungus attack. From

Reference 7, no degradation in flexure or interlaminer shear

strengths were observed for unidirectional graphite/epoxy after

exposure ~o nuc lear radiation. Graphite filament/organic matrix

composi tes are susceptible to lightning damage . The composite

does not dissipate the result ing P—s tatic electrical charges

nor does it provide electromagnetic shielding . The results of

a lightning strike can be in the forts of severe laminate damage

although it is generally local in nature . Finally through the

addition of sui tab le chemical compounds, most epoxies and poly-

ester can be formulated to be resistan t to any fungus attack.

F
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~4 .0 Comparison of Costs for Aluminum and Composite
:-;PES

V 

Table 14—1 presents the cost Information for the three

MPES seats considered in this study ; the Baseline , Modified ,

and ComposIte as initially differentiated in Section 1.

14.1 Production Costs V

In projecting the productIon costs for the two aluminum

seats the costs of the Modified version was based or-i the rnodifi—

cations of the Baseline seat presented in Figures 2—1 through

2—15 while the Baseline seat costs were established by applying

standard production practices to the existing prototype seats.

On t~tIs basIs, the productIon cost for the Baseline seat is

observed to be 9.0% more than the cost of the Modified version

for a 2000 seat production run. This is to be expected because

of the sI~i1arity of the BaselIne and Modified seats.

For productIon quantIties as low as 100 seats It turns out

• to be cost effectIve to employ the use of castings , fcrglngs and

V e~trustons as opposed to machInIng. Hence , there are no sigr ~i—

:‘Icant price breaks at a partIcular number of seats for ill

three designs . The reductIon In price wIth Increased nu~ cer of H

V 
seats comes about because of normal economIc factors I~ c udl:’.g V

lower material costs wIth larger quantity purchases and :i-le

benefIts of a learning curve . The cost for the composIte seat
V 

Inc~~~oes ~rapiiIte materla . costs o~uoted f-c r current p:’~ -ces.

— —
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Mowever , in less than a year there is a very strong possibility

that the prices for the partIcular graphite/polyester system

considered will drop from $148 per pound , used in preparing

Table 14—1, to $33 per pound which would result in a $170

material cost savings for all composite quantities listed in

Table 14—1. An estimated increase in cost of approximately

$150 per composite seat would be experienced if graphite fIber

reinforced MMC was used to save weight compared to the glass 
V

MMC uzeu in the costs in Table 14—i. 
V

- 

For the addItional change to the ModifIed :~iPEs seat des-

cribed In Figure 2—16, the delta reduc tion in cos t from Tab le ~4—l

is $100 per seat. While the actual reduction will vary slightly 
V

V with the number of seats produced , the $100 value Is a reason—
a~1e estimate. Similarly the delta reduction in cost attributed

to the modification shown in Figure 2—17 is $160 per seat.

14.2 composite Prototype Costs 
V

Including the detailed en~irteerin’~ effort arid - set of too 1~ to

fabricate the composite ejection seat , the estimated cost of one (1) proto-

type seat is 34% greater than the cost if purchased in quantities of 100 and

V the estimated cost for five (5) prototype seats is 60% greater than the cost

of an equal number of units if purchased in quantities of 100. It is felt 
V

that the only way to accurately assess the tuolding techniques , the nesting

configuration and the overall structural integrity would be to build a set

of ~io1ds even f-o r the prot otype seats. With these tooling costs of approx—

~~~ta1’- ~~~~~~~~~~~~~ 
~t i~ ~ot unexpected that the ~r-ototvpe costs ~re high.

k
V V -. V - • ,
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• 5 .3 Recommendat ions  and C o n c l u sI o n s  - 
V

The pr opose .~ -Composi te  :-IFES seat concep t  is believed to be

struc tura l ly  accep table , and It o f f e r s  a cost r e d u c tIo n  over

V aluminum MPES seat structures. The Composite prototype cost L3 , H

however , high, due to the necessity of making a full set of

molds and also due to developing the required moldIng technology . 
V

V What Is needed and also recommended is to investigate

alternate fabricatIon approaches while retainIng the overall

Composite structural conf igura t Ion  as proposed in thI s  report .

The objectIve of this recommended study would be to simplify

the Composite concept by evaluating al ternate  core fabrication

details. ThIs study would result in a lower cost prototype

development and WOUld possIbly lower the weIgh t  and cost  I:i

production .

WIthout  t u e  benef i t  of tes ts , the approach chosen in th I s

report for the core construction was faIrly conservatIve . A

number of Ideas , IncludIng compression mcV1dIn~~ ust the rIbs ,

or using a buIlt—up egg crate constructIon have been sugges:e~I

for redesigr.Ir~g the core . Some of these s u g g e s tio ns  ~‘r vIV ~e

V excellent  poss ib i lIt Ies  of success but must be mcre cx—
V 

plored and slmple mechanIcal tests should be o c n d u o t e o  t o  -:all—

date the approaches . When this proposed phase -of s p - IfyIn ~
the ComposIte  seat desIgn Is comp le te  :nere ;~o u d  be o~~~~~~~ e:’

as su ran ce  o:’ su c c e s s  m u  a o rea t er  ~ u s t If  at  Ion  f o r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

V

a :roto:’.:e d eve .cp n ent  or :~~ran .

— — ~: V :V

- - - - - -V
~~~~ ~_ V V  - V V 
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