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mTRODUCTION 

T:le appendix cont/\ins R. det,.\il '\n'llysis of tm wei.f;}1t and 
space of the eloments comprisinc nn nircrqft hydrR.ulic system. 
Othor inforrr.'l.tion of interest to tho study is also presented. 

In the I\nA.lysis of 1;he elements, nany assumptions have 
been made i'clr the derivlJ.tion of the formul'ls for weight and 
Bpace. Justif:!.cf:ltion of these 8.!lsumptionc; Vlhere necessllry and 
posnible is also prosented. 

A weight comparison between 3000 psi 'lnd ~OOO psi for 
a typic~l subcircuit has been made by Uorth American Aviation. 
A presentation of the analysis of Lou Berthelson is presentad 
in Appendix A. 
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~J A-2 

·t I D"rivA. ti on of the Theoretic!ll lo'ormulll to Determine the Plwnbing ''Ieight 

j 
The equation:; whlch consider fll~lcl wl'lieht. tUbint; weicht. Ilnd fittinc: 

I 
• 1 ... eight h~ve been .derived 1\5 an Ilpproach to expre:;s tot'll weir;ht rtjquired 

to instA.ll se(;tions of tubing in an llirplf\nC'l -. in one t'lqw\tion. consisting 
of pertinent v!\rinbles such 'is prt'lssure, densl ty of fluid. density o;f 
fitt:i.r.g and tubinr; materi'll, and diameter of tubing. The reflulting composite

I ~quA.tion is written to ~how the effect of rhest'l variables. Their derivntion
j wi 11 rollew. 

1 
! The equl1tion:~ "res. 
I 

+ ,"I WT (I)·f 

(II) 

(IV) 

(III) 

Btl - GP . 
Stl + OP 
2 GP 

'Yo • 

WI 

Wf • 

Whore. 

WT Combined Averuce Plumbing WeiGht Per Inch of TUbi~g (Lb/ln) 

Wo • Avarar;e Weight of Fluid Per Inch of Tubing (Lb/ln) .. 
WI • Av"rage W~ight of Tubing Per Inch of Tubir-e (Lb/In) 

11'1' • Avorage Wdicht of Fitting Per Inch of Tubing (LE/ln) 

D Outside Diameter or Tubing (In) 
'0. • System Workinc; Pres:;ure (Lb/ln) 

po • Fluid Density (Lb/In3) at St~ndnrd Conditions 

a • Density Multiplier Bused on Temperature MIL-o-5&16 

Stl • Ultimllte Tensile Stresll(LB/IN2 ) 

pl • Tubinc Material Density (Lb/In3) 

,. pf Fitting Material Density (Lb/ln3) 

G • Applicable Safety Factor 

11' Stutistioal Avera~e Fitting Woif;ht (Lb.) 

I 
I. 
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When	 the value of W hus bOCIl calculated by the foreC;oio~~ formulae,T 
a system conr,tnnt is obtuined. which when multiplied by any similar system 
lon~thyielus its plumb1nE weicht. 

a.	 Fluid Weight 

Tho following method wus apf,liod in ttle uorivu.tiuo of 1'ormuln II, the 
fluid weight formula. 

Fluid	 WQ1{;ht in the tt:bing oqualc'its volume tilT'f's its density. 

Volume • lId2L 
~ 

Where. 

d· inside diameter of tubing (In) 

L· tUbing length (In) 

Dens i. ty • apo 

Where. 

Q.	 multiplier (See Ref.' 1) 

Combining.
 

2
 
Wo • T cpo per inch (V) 

It is no-ted that, the. exprB3sion (apo) tukel.' into account the effects 
of compressibility of fluid due to an increns"" in pressure. 

It is desirable that the inside diameter be COnV91"tud to outside diameter. 
A conversion is possible through tho use of the thick wall formula. (Ref. 2 and ~) 

St • GP~2 + d~
~2 _ ~ (VI) 

When Dolved for the inside diwuater, the equlition becomes I 

(VII) 

Thus	 Formula V becomes. 

•	 ftD~ poa rst~L"",,---__GU (II) 
~tL + .G:.J 

I " 

\...-	 I'
I. 

~	 ,. 
L L 
! 

• 

..
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.' b. TuM ng We.l.ght 

A-4 ![~~ 

Formula II I, the tu!J~ nr: \.I.':l vht formula, was rler t ved ElS fo 11ows: 

Wetrht of tUbinr.: equllls the cross-section prell 
length times the matedal density. 

Cross-section area = ~ (D2-d2 )
4 

timtHl thA tubing 

(VII) 

f 

(IX) 

Again formula 
becomes: 

VII is utilized to simplify. Accordingly formula IX 

( III) 

For one inch of tubing 

c. Fitting Weight 

The fitting weipht fornmla, c<msisted of the product of cross-section 
area, fit.ting le~th, fitting mat~riEil riensity, and a constant which includes 
miscellaneous factors such as number of fittings per tubing lengths, , etc. 

Most important, at first, is td correctly define the following: 

herel 

11 = wN 
L 

(X) 

w = individuelfi tUng wtlight (lb. ) 

N == number of fi ttinp,s c~nsidered 

L = length of tubing involved (inch) 

W = average fitting weipht per inch of tubing (Lb./In. ) 

A theoretical expression for individual fitting weights was first derived 
on the basis of strengtb required for internal pressure only, and on the 
ass~~ption that it was affected by the 38me variables which affected a section 
of straif~ht tubing. ThUS, its cros's-section area becomes: 

Where K Recounts for difference between tubing outside diameter·and fitting 
outside diameter. And if formula VII is introduc~d to eliminate the variable 
d {l,D.h 

, 
i;
 
I I
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2 GP ) 2A = K ll. (-,,- + GP D 
4 0tf 

To obtain 8 hypothet1cRI l~n~th the followin~ relntionship was utilized: 

SepElra ting Load = Shear Art·a x Shear Stress 

= xJL 
4 

Solving for L': 

LI = Op-"--=-4 Ssr 

It is assumed that the effective seGl b~tween the fi ttinR and the tubing 
takes place at a point, of t.he inner wall of the "AN" type flare attachment 
which. is approximately eqmll to the outside diameter of the tubing. In the 
care of the "ER" type fitting, the seal definitely takes place at the outside 
diameter of the tube. Fore this reason the separating force is expressed as 
the internal pressure times the croes-sectional area enclosed by the outside 
diameter of the fittir~. 

When area, length, and densit7 are multiplied toeether: 

= K!. 2 G03p2p.!: (XI).' . 4 SSf(Str + ~ 
. G ,. 

If the \'aluefor the defining material, MIL-S-675S, condition F, or 
Str .- 180,000 psi is intrcduced, the factor of safety (G) h set at 5, 
snd all the constant quantities are called K, then formula becomes: (XI) 

;.. = KlOJp2 (XII)
\11 3600 + P 

And this weight ia that portion of fitting weight wh'ch is required to 
withstand the effects of internal hydraulic pressure. This is shown more· 
effectively in figure A-I as beinp, 21.25t of total fitting (for 1/2" fittings 
at 3000 psi only) weight, and is represented by the darker cross hatched 
portion. 

It is possible to arrive at a value for K, for P = 3000 psig by 
assuming the diameter and getting the fitting weight from Table A-I. 

From Table A-I it is seen that the statistical ~ver8~e fitt1n~ weight· (w) 
equals 0.0251 lbs. for a 1/2 inch diameter fitting. 

So: 

WI = .212'5 (0.0251) = 0.00531 lbs. 
f 

,t\ 1 \ ~i '" l ,I 
I
 
\
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, 

and, from formula XII: 
'(( ,\" 

f36000 + JOoo) ~O.005.lll = .0001585 
(. 5 )T (':lOOO) 

Therf!fore, 

= 

The sketch, figure A-I was drawn for a 1/2 inch diameter fitting since 
this size and fitting p,roup is most common. It provides a means to estimate 
the percent of lll1lterlal requl red to .... i thstand interllal hydraulic pressure, 
l.lnd to estimate th(· percent of mat-erial required to withstand torqueing 
preload which appears li.gntly ~ross hatched. The remainder of the material 
must logically he b'llk. Bul'/{ materiel can be defined as that weight which 
includes unst~essed muterial found in sho~lders, wrench flats, and other 
spaces resulting from the nature of the desirn of the f1.ttings. 

In an attempt to arrive at a mathematical eApression for the extra 
weight, formula XIII, and actual datG, Table A-I, were plotted together for 
pressure at 3000 psig, figure A-2. It was observed that the difference 
between these curves I'as a straight line. This permits us to write: 

w' = 
:3 2 

.0001')850 P 
36000 + P 

= "K'O (XIV) 

Where w' = actual data,' Table A-I 

In order to break the term KID down into two expressions, one for the 
material weight required to withstand torqueing preload, and the other for 
the material weip,ht which 15 bulk, figure A-I was reexamined. The torqueing 
weight, composed of the cap and unionthrcad enp;apement region and the cap 
shoulder region (lightly cross-hatched) is denued as a percent of t.he total. 

This percent of the total is nependent on the difl:neter of the fitting 
and on the internal hydrauli~ pressure tending to separate the fitting. 

The remBinder which is pur~ ~ulk, is a function of fitting diameter, D. 

Accordingly we may write: 

W' .OOO153DJp2 = KID = r,2Dp + K)D (XIV)36000 + p' 

' = ~00Ql2~50:3p2 -' K DP + K D Wor: 36000 + P -'·2 J 

Again from TableAl, D = l2w' = 0.0251 

So for torqueing: 

= .:n( .0251) = 0.00677 lbe. 

formula XII 'becornes: 

.0001585 D3p2 
(XIII)(36000 -I p) 

<# ) • 
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1. 

For bulkl 

1 - (.2125 + .27). 0.0251 .. 0.01295 Ibs. 

Since tho w(li[;ht proportion is doflned, it is I,ocsible to solvo ~or 
K2 and K3 by seLtinf. lhe appliclJblo BoctiC'll:! of formuln XIV equal to its 
respective wei~ht. So for K2 1 

w2 .. K20P 

v ~~ .000677 00 4 2
1""2 W .. W;s-rrooo) ...0 00 5 

I 

l 
I. 

0.q1295 ...0259 
0 ..5!
 

tbe valuos o~ ~ /)1)d K, into i'ormula XIVa
Insert inc 
"'r 

.. 
1	 w .. O.000158~03z:e + 0.OOOOO1+52DP +0.0259D (xv)

i.	 38500 + 

A plot of Equation XV fij'IJel1rs in fic;ure A-3 lln<.l shows graphically what
i' 

has gone before. 

From fie;u-., A-4. 

t.	 Nr .. 0.18798
 

J
 
Combininc formulae X, m,und XVI, the final formula becomesl 

2.98 x 10-51'302 
W .. 3E!>OO + P- + 8.50 X 10-701' + 4.87 x 10-3D (IV)

f 

u,'~ ''1 . 



i 
i 
I 
1 

I
 
I 

I
 
i 

1..-71.. 

TABLIl: 1..-1 
RWD w • W,-r;t ~ 

.250 

.375 

.500 

.625 

.750 

1.000 

1.250 

.0021840 ~21Bea27 

.OO}2878 .2014873 

.0056159 .2239316 

.•0062842 .0742637 

.0119478 .24452~ 

.0114928 .21223°3 

.015925!. .lhosoa3 

.VV-rt, /'.1"-+/W ~ 

.01631765'76 

.02507864008 

.0846200768 

.0488611817 

.0541524937 

.1133Ll~70 
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A-12 

II Determinlltion of the .'eil:ht of 1·rn.n~1l11flfl;On Lin"'B 

The throe typos of tr'1m:misidon 11:10(1 flrl'llyzoa nrc fJresl'lure, 
return n.nrl suplJly. The elltlFltions evolved in socti on A-I IlfJply to 
fl.] 1 with VIl,"iOUIl ~DlHlmption6 1\8 to tho pr"flsllre to bo used and the 
line 101;3 to be pe -mit-ted. A dot.nilod Ilccount of tho C'llculfl.tion 
of th'j v.eight of pressure tIl tnf, follows \"Iith the V'lrifltion of 
conditions for return 'lnd Gupp1y lines pointed out. 

IIono Pro6sur(' Linu'!l 

The totA.l I.oj Ght of pros sure linea ha a been cIl.lcu11lted for 
2, 10, r 0, nnd 100 horsepoViers. Tho re1:ults hflVO bRon t'lbul'lted in 
Table ' n.nd presentud grflphic'llly in fi e;ure A-So From the I:'e cur \C sA-3 
it is 1l.1l1l11ront til'lt the optimum ,Jres!"llr " for pressure lines at 
all horsepollors and at tho conditionD givon, rA.nt;EJB botl/een 3500 
fl11d 4000 psi. 
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Tho wei{~ht of til'l tuhinc CUlL bo calculutod J<rolll the followinc equutionr 

(Appendix A Section I) 

Where I 

W \\'oil;ot of TubinG por IllchTubiuC; (Lb/In) 
D Out.s ido lJil.UlIO t.er of 'l'ubinG (In) 
P TtliJinf, Muteriul Density (Lb/ln}) 
G SUfety ¥~ctor -
l' .. ~:orninal. System l'r'lssura 

This equation i~ equivalent to tho followinG equation. 

The ID for the vllrir;\ls prossur<--s and horsepowars was found by ust' of 
f"i{;Uro A-6. The require:1l'lnt.:: f';>r u::;e or this churt ror tho flow and the 
1JrOSSU1"8 drop per foot. c 

The flow W,t:3 obtuined froti. the equutionl I.;, 

Where. 

1 
~ . Flow (GB.!) 

Horsepowor 
P • llominul Opel'a1..1ne; Pressuro (Lb/In2 ) 
HP • 

The avorug;e efficiency of tho trun;,;mi:;::;:Ion line::; W:.l.S found to be 00'''. 
1 in a survey of the industry. The avcrut:e length of tubing in l.. circuit 

w... s found to be 52.25 feot ror tho HiM-I, 15M-l, ....nd B-57. Tho percent pressure 

I 
drop por foot thon beco/llos. 

.20 
52.25 

With these two vulues the inside dinmetercnll be found from figure A-6. 
The interection of the flow and prossuro drop is found. If it is below the 
t.ransition line corrl"lspondinr; to tho press lire used to determine the flow and 
pressure drop, it ia in the laminar region. If this is the case aline is 
drown parallel to the dark lines (With tuba size rna -kings) to the t.l·uns'ition 
line at the pressure usod to dotenllino flow. 'J u r,ot tho inside reading 
1'rom the scale given u line must bodr,twn pl.lrallel to the dotted lines to 
the scale for correct reudinl:s. Correct values may be found from the 
equl1tions. 

(TURBULENT REG IOrO I
I 

• 



T 
A-IJ~ 

(LAM IN/I.R REG rON)5S1n.8 

Whero I 

d inllide diruncter. (In) 
f .. friction factor ,J 

density (lb. sec2/in~)P 
.~ flow ([;al/min~ 
V • Viscosity (In /MC) 
p pre~nuro drop (~b/1fi2/f.t) 

From these values of the inside diametor the outside diameter 
can 1Je found from the thick walllJd f'olmu1a.

i 
I,
i 00 
~ 

Where I 

outside diameter00 • 
inside diwneter 

St ultill.ute tonnile streneth of matorial (105.000 psi) 
G Safety factor (5) 
p nominal oporatine pressure 

10 • 

'The weicht of the tubinr; cnn then be found by& 

• 1f (002 - ro2) 

The t&bulll.ted vo.luon for tho woil;ht of tubinc; at various pressures 
and 2. 10. 50 und 100 horsepower is presellted in Tuble A-~. The graphical 
results are presented in fieure A-~. ' 

From 1~ir;ur8 A-a it is e viden t tha.t tho minimum we 19;ht for tubinG alone 
at various horsepowors is slir;htly los;. than 3000 psi. 

11.&.2. Wei~ht of Fluid iu Pressure Line8 

The weight of the fluid can be found from the following equation. 

(Appendix A Section I) 

Where. 

Wo fluid wai{.;ht por inch of' tubing 
D outside diameter 
St ultimate tensile stren(;'th 
G ~ safety f'actor 
P nlVllinal oper ating pl"8 ssure 
p density 
II density corl-oction for pressure (Soe figure 8) 

" 

i ,,' 
J 
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I A-ll) 

r Or, if thfJ insiL,e di::lJllcto.- is usedl 
• 2 

t1rl "d
"4 

The jnsido diEl1netor is the slUno H:J the ono found in the previous 
:;oc'.:ion. For this cnlculation tho donsit.y At 00 0 F wus used. 

'f!D tabul utad ro suIts are found in Ta.ble A-}. 

The r;raphical reaults are presentod in fiCures A-lOA and A-lOB. It is 
clear from these cW'va;; thllt "there is !i weit~ht savinc; for the nuid with 
any increase in pr~BDuro. 

Fitting Weic;ht 

The weight of the fittings was calculated from the equations 

Wt 2.98 x 10-?03p2 
!ii' 3tDOO + P " 

I. " as outlined in Appendix A Section 

Theae wei~hts are tabulated in Table A-} of the appendix and presented 
graphically in f~ gure A-ll. 

For fittincs alone tr~ minimum pressure occurs at 2500 Fei. A line 
on figure A-ll is drawn for the fittin~ weicht for 3/16 00 tubin~ which is 
a practical limit for fabrication cf tubing. 
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II.b. Detorminqtioll of i:hA Weir,ht of Return LlX~s 

The ·.... td Eht of return lines h'l.S :::een detel'lnined for 2, 10, rjO, 
"'nd 100 horsapowo!" in the B'llr,e lllanrl€lr as' for pressure lindS. For 
return linos II. Lur:.t prossure of oll£'-h'lll' th'lt llsed in t.:,e proRsur'! 
1: r.os is \lRnd to clAterrnine '1;,\1) lhicknoss (See fiGure A-,,). 'rhe 
prooslJre drop :-er foot of' tuhinG is '1ssumed teo' he tho S'len., !is in 
the pr(lssure 1 il10s '\TId the 1'i t.ting weir;ht 1s tho S'UOO a.s for pressure 
lines Hnd the ftttinr: weir,ht ill tho S'\/Il0 lIS for pre:;sure lines of 
correspondin~ outside tube ~i!lmeters. 

Tho tot'll wej ght of the return lines is tf\buhted in Table A-h 
R.nd prcstlnted [;rnphiC1\lly in f1 "ur", A-12. From these curvos it is 
evident that thElre is '" m1n1mmn .weight per horsepower r!ll1ge from 
7000 psi for lCO horsopovlHr ':J 3000 !,si per 2 horsepower. 

IT.h.!. Return Lines Tubing Weieht 

The weight of the tub1nt; in the return lines was clI.lculatad 
from the equlI.tions 

With the pressure drop and th", flow the.·3'uoo for the retllrn lines 
ae tho preesure linoll, the /lAme inside di'lmeter can be used. The 
outoide di!unetflr WfiS calculated using tho thick walled formula wi th 
b'..lrst pr.essure in the ro'turn lines one-h": r th.9.t of the pressure lint:ls. 

\ St + C ~ 
i) • d -\ 2 

P
 
St - G '2
 

D Outside d1Anetor 
d Inside dil\meter 
St • Ul tirrnte tcnsi le strent;th . 

Safety f'lctorG •P • Sys tom Prosi!"Jre 

TIv: weight of the retl.·rn lines tllbine; is bbuhled in To.hle A.4 
and presemod r;r'l.phiclI.lly in figure F-l'. 
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LA I ILb.2. Return Lines Fluid Ijeight 

I 
J -1 

1 Tho fluid weight in the rotu_'n lines W'l.S determined from t.he 
equ'l1;ion, 

If \'It(1 IN. 

I ..0. Density correction for preRBure
o 

\ 
P • Density '\t 0 psie; fll1d80 F 

1 d .. Inside di'lmeter of tube 
I 
;
; (1 is determined at one-hC).lf the 1J'y9tem presnure. 

1 

1 
The Vl'lhleS of the fluid weir,ht are t'lbul'lted in TIlble 1.-4 

and presented t;raphioally 1n fic;ure 1.-14. 

II.b.,. Return l.,in08 FittinG rieigh ts 

The wei(.ht of the fittinr;s hll!l been c!\lcu)'\tod from the sarre 
equation used-to find the weight of pressure lines fitti~~s. 

iit .. 2.qB x 10-503p2 + 
TR ,6000 + P 

..D Outside diameter of tub~ 
p Nominal system pressure. 

The weighto of th" fittint;s at 2, 10, 50, lind 100 horsepowers 
anj various pressures are tabulated in Table 1.-4 and presentod 
graphically in figure 1.-15. 
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II. C. Detol"min!\tion of the '.eight of Supply Linea 

The weicht of supply linen h'\s be on det··rminod on R LJ'lfllD of
 
roystom hor:Hlj)OW, r, in t,l~ H"lme mo.nnllr '\s the wui[ht of pro~::::ur9 'lnd return
 
line3.
 

The mnturial uBod for this cRlculation wg,s 5250 o.ltunin1lm all~y. A. 
minimum '!/9.11 thickness of .035 inche:i and 'I. minimum tubing outsi(~o diameter 
of one-half in('h ViOlS f1ssUlned. Tho [wallBUre uflerl W'1S the rn'\xirnum of '80 tl8ia 
for pump pressuriz'ltion 'lS outlined in MIL-P-771~o with 'I. s'ifoty fl\ctor of five. 

The flow in the supply lin'- s, for the horsepo"lor chosen. WQ.8 the t>~ne 

liS the flow in the pressure linos for the s'\me system pressure. 

Flow .. HOrflQpOW~r x 1714
 
System Pressuro
 

Tho averaL;e len{;th of tubing between the res~rvoir 9.lld the !lump was 
found to be 20.8 h ..ot. ':he pressure drop in the supply lines W'lS determined 
'lS the differenco betwuen Ill.'lximum lind minimwn p'Jmp inlet preasure5. Tho 
pressure drop ~r foot of tubing VI'lS four¥! flS folloNs, 

_ l>hx. Pwnp Inlllt Prosa - Min. Pump inlet PressPre~aure 0 rap Per For)+_ - 
System Pres:lure 

.. 3.52 pd/ft 

The inside diameter iY'1S determined from 1\ craph 3imllar to the ono 
(fi gure A-6) used for prossure and return lines excC'lpt that the temper'lturo 

Vi!l.3 'lssumed to be ..;200 F. The floW's and pro8!:ure drop found abovollre used 
to find the inside diarr.eter. . 

The weight of the supply linos fi ttinr;:: i:J the n'l.!1lO 'l':J for ~r03tlUre lines 
fittings of the 3ame tubinG outside diametors •. 

Tho weights of supply li~es !l.ro t!l.bul!1.tod in Table A-3 and presented 
gr'lphically in figure A-16. The weir;htll of the tubir.g, fluid, and fittings 
!lro plotted separ'ltely in fjeMres A-17. A-18, and A-19. 
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I	 TA.HLE A~3 

A-)6
- TOTAL dEJ'arr OF l'In~SS"\.iRE LIl~3

I	 'SYStt3f'l Tubint; --n\l~d Fltting Tot'll Ileight-
Pros flU re HP 10 00 •• TCif~ "T (lffl n L__!~'T.. C1i.inl.. mf!. _-

100,,! 2 .273 "51} "00';2 , OCll 782 .00181 . QOu 792I 10 .S08 • ')1-iB .aO'lJJ3 .00617 .00327 .01892 
c,O .(")01 .qll6 .0107 .019i, ,,00609 •OU.I 19 

100 1.1(0 1.219 ~0;21 ,0)22 .oOB41 .07271
I 

15CO 2 .221 .261 .00}1;3 • DOll r:; .001'59 .007105,	 10 .401 .:~111 .00876 .o03e6 "00277 .01';;9 
so .721 .773 .01745 .012h9 .00557 .035S1 

100 .gl.o 1.010 .0309 .0212 .00805 .06015 

3000 2 .1SS .1'13 .00;2 .000601- .001')2 .005;21 
10 .2"(2 ,~13 .005;8 .001784 .002~ .009694 
SO .!~l);:= .'166 .0176 .00S81 .009 .028135 

100 .6;2 ·728 .0293 .00962 .OOR05 •OJ. 697 

4000 - 2 .1}i7? .1375 .00301 .000523 .00163 .00S163 
10 .2;2 .281 .001)65 .001;Oc; .00259 .00(jI~S 
SO .418 .1)06 .01821) .00423 .00572 .0282C 

100 .s42 .ISS6 .03065 .00711 .00879 .0461)5 

tiOOO 2 .11.7 .1975 .003~ .0001j21 .00183 .005391 
10 .206 26e .00600 .001035 .00213 .009765 

'C72 •,0 .47 .019,'. .00336 .00(,26 .02902 .. 
100 • 132 .61) .03275 .00'565 .oOQ84 •04824 

7500 2 .129 .197'5 .0~16 .000406 .002(8 .006946 
10 .176 .2S1 .00743 .000751) .003'13 .011615 
50 .;00 .4}S .0223 .0021Q5 .00806 .032555

ioa ·3135 .51)8 .0367 ,,00362 .01297 .05329 

10::>00 2 .112 .1875 .00508 .000309 .00293 - .008319 
10 .1~? ·<!75 .0108", .000667 .00502 .Oh~557 
50 .260 .1~32 .0267 .00162 .0l09Cl - .03931 

100 .3~ .557 .0447 .0027,5S .01865 .066085 
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TA.BLE	 A-4 

A-n
I 

TOTAr~ WEI"P1 OF RETURN LINES11 

System Back Tubing nuid Fi tting Tot'l1 vlt • 
Ptessure Prof's. HI' 10 OD ilt(!fIIN) tit (/f/IN) '(/tOr/IN) (if/IN)\1 

1000 C,OO 2 .273 .j13 .00'}2 .OOln fj .0olGlh .000709 
10 .S08 •C,!,8 .OC<:!L8 .0061S .Oo;r..M .018R99 
so .001 .9111 ,. 01f,}~8 .01<)47 .00606 .0)1201 

100 1.16 1.20 .0212 . 0 .32oJ~ .003:::5 •(J61L,9 

lS00 7S0 2 .221 .261 .00435 .001164 .00163.3 .007027 
10 .401 .J~l ] .00876 .0038;6 .00286 .01S47'; 
SO .721 .761 .013, .0124 .ooS)69 .OC069 

100 .9Lo .<JOO .0172) ·°3105 .007702 .0 798? 

3°00 1500 2 .178 .1')8 .00;'2 .000S78 .Ocn723 .005281 
10 .2'72 ·312 .00523 .001765 .002S2'; . .009C,20 
')0 .1192 .532 .. 00919 .005';4 .004987 .019717 

100 .632 .670 •01353 .0095~ .007173 .030233 

4000 2000 2 .11a5 .1871:) 'OOlol .000521 .001628 .001:)159 
10 .232 .272 .00 74 .00126 .00249 .00849 
50 .418 .Mo .0082Q .001:16 .00'-1964 .017414 

100 .742 •SOb .0138 .00700 .00745'; .0282C;5\..,	 
. I

I
I 

5000 21:)00 2 .147S .1075 .oolol .000s24 .0018[,11 .00S31S ! 
10 .206 .246 .00 02 .00101 .002S15 .007?4C; 
so .h20 .008,;4 .• 003.30 .00S182 .017022'e 72 

100 • 82 .S42 .01Lo .00S1:)2 .007816 .027?jtF, 

7S00 37?0 2 .1h75 .18Tj .003°1 .000s26 .002362 .00S8Q8 
10 .176 .216 .00352 .0007~9 .00291.,6 .00710C; 
SO 0300 .008'18 .0022 -IS .00S828 .016653•-cl:)8

100 ·385 .~60 .01423	 .OO8q2 .o26S9·°°3:4 

10000 5000	 2 .147 .1875 .00304 .000528 .002932 .006500 
10 .165 .210 .00380 .00061-19 .0031107 .00"18C;6 
SO .260 .00943 .00161 .006765 .017805·R31 

100 .334 • l26 .01546 .00266 .010735 .028855 
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Pressure 
1000 

lS00 

tiP 
2 

10 
50 

100 

2 
10 
SO 

100 

ID 
:TiT-\) 
.MO 

1.aho 
1·3S0 

·1.;30 
.620 
.9'.25 

1.160 

TOTAL 

00 
.1)30 
.760 

1.. 110 
1 0 1120 

.500 

.6<10 

.925 
1.160 

II EI GIi! OF SUPPI.Y LINES 
T~bin~ Fluid 
(!&in2 ) (iF&,ill~) 

--. O~--·.() ')02 
.00781 .0113 
.0116 o02lj6 
.01J~93 • Q1.~)) 

.00SOl .00439 

.00629 .0091} 

.010y; .021 

.01200 .03195 

TABLE A-5
A-;,e 

Fitti~B Totfli 
(~in2 Uf(in2 )

-P"5 
:oOl.,o 

.0 349 

.02381 
.oo6!~ .ol.JJ32 
.Olol~ .06865 

.0033° .01270 

.00483 .02025 

.00797 .03'132 

.01009 .05tJ74 

3000 2 
10 
50 

100 

.430 

.S20 

.777 

.922 

.!j00 

.S90 

.847 
.9')2 

.00501 

.00598 

.00075 

.01031 

.00}J39 

.00642 

.01432 

.0202 

.oolJ07 

.00S79 

.01047 

.01408 

.01,3L7 

.01819 

.0~54

.0. 59 

c 

4000 2 
10 
50 

100 

.'~30 

.48tj 

.72}

.861 

.500 

.555 

.793 

.931 

.00SOl 

.oor;60 

.00817 

.00966 

.00439 

.oor;sa 

.0124 

.0176 

.00563 

.00663 

.01251 

.Ol73? 

.01503 

.01781 
,Oe308 
.0 361 

5000 2 
10 
50 

100 

.430 
·.460 
.690 
.814 

.500 

.530 

.760 

.1384 

.00501 

.00535 

.00781 

.00915 

.00439 

.00502 

.0112 

.01373 

.0068~ 
.00';74 
.01h93 
.02062 

.01623 
.01791.ge404 
• 55 

7500 2 
10 
50 

100 

.430 

./-130 

.620 

.737 

·500 
.500 
.690 
.807 

.00501 

.00!jOl 

.00706 

.00831 

.OoJ~3C) 

.00439 

.00913 

.0129 

.010}~3 

.0101-13 

.02040 

.02917 

•.01983 
.01983 
.03659 
.05037 

10000 2 
10 
50 

100 

.430 

.1~30 

.?BO 

.6qo 

.500 

.1)00 

.6!j0 

.760 

.00501 

.00501 

.00664 

.00781 

.00439 

.00439 

.00800 

.01130 

.01479 

.01479 

.02649 

.03866 

.02419 

.02419 

.0411} 

.05777 
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A-40 

III. Dot.onnin·lt~on of the SPr\co Occupied by tho Tr"nsmissi C:1 Lincs 

I 
Tho tot'll SF'H~O occupiE.d by the tr'lnsmissionlines is considerod to 

lJe the effoctive volume of the fi tti.ncs, plus the block vol'.Jme of the bends 
plus tlle volumo of tho tubinb ns illustr'ltod in f1curo A-20., 

I 

\ Vol/In .. 7.811 x 1O-7V3p2 ., 2.24 JC lO-BDP l' 1.28 X 10-40 

I
 
26000 +P-

+ • 760D~ + _}- 02 
.~ 

D Tubing outside di~meter 

P System pressure 

All of the se v'llues 'lre dependent on the out3ide dl 'lmet~r of the tUbin~; 

t.here fore, the spnce occupied by the plumbing will decro'lse as long '\s the 
outsidd di'\meter of th" tubing decrenses. Since tho inside diameter of the 
tubi ng decre'\503 wi th /luy increl\&e in pressure, the outside diBmeter will 
decre'lse unti I tha 'N'lll thicknens of the tubing irlCre'lSes flister than the 
inside dinmeter deCreftS6s. 

The diameters used for spl\ce Ilre the same liS those detcnnined for weight. 

'i'he 3!Ace occupied by pressure, return, nntl supply lioos is t9.bulatod 
in Ta.bles A-6, A-7. and A_O respectively. The spnca is presented graphically 
in figures A-2IA. A-2lD, A-25, nnd A-29. 

For pr'ossure 11nos thero is no exact minimum sp'lce per horsepower. Fer 
two hornepower the minlmum sp'l.ce is ne'lr 4000 psi due to ~inimum tube size. 
For ten horsepowor the mini:num is ne'lr 7S00 psi whi Ie for' 50 and 100 horsepower 
no minimum is reRched in the ranbe investig~ted. 

~or return ~nd supply lines no minimum 1S rC/lched except r~r those 
horsepowers that bocome minimum sizes. 

III. a.· Tubing Sp~ce 

The splice oc-cupied by the tubing, 'is :lhown in figure A-20 is the actual 
\ volume of the tubinb and C'l.n be c'ilcul~ted from the equation. 

2 
Vol/In • f D 

D Outside Diameters of the Tubing 

The space occupied by tubin~ for pressure. return a.nd supply lines 1s 
tabulated in T...;"les A..(,. A-7. 11m A-8. The results 'lre presented graphically 
in figures A-22. A-26, and A-}O. 
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I III. b. Bond S~nce 

The 
The np'lco occupied by the bends is illustr'\ted in figure A-20. 

volume of this block can be cn.lcuhted by the follo-ling C14ufl.tion: 

Vol/In 

R 
D 
N 
L 

'R + 0 )2 x 0 x N 
'~ 1: 

Bond Rniiius to cented ina of tube 
Ou tG i de Diamo tor of tube (IN) 
Numbor of 900 Bends 
Lonr,th of Tubing (IN) 

(IN) 

The minimUl!1 bend 
tho outside diameter. 
it becomes. 

rF\dius of pro~ent tubing w'\s fourrl tv be 3.5 times 
If thie value is substituted in tho above equation 

Vol/In 16 03 x ! 
L 

StfltiBtical d'l.tF\ W'l.S collected from Deveral 
that the aver~Ge number of 900 beudA per inch of 
the oquation becomes • 

'1irpl'1ocs !lnd it W'l.S found 
tubing was .0475 Therefore 

Vol/In •76. 03 

The bend spRce of pressure, return, Rnd supply lines is tabulated 
Ta.ble 8 A-6, A-7, and A-a respeeti vely. The results are presented 
gr'l.phi CFll1y in fig-..lres A-23A, A-23B, A-27A, A-27B, fU1d A-31. 

in 

The space occupied by the fit-tinEs, 'is illustrR.ted in figure A-20, 
is the effective volume occupied by tho fitting. 

The	 volume of the fi ttin~s is cons idered in thr ee socti OM I 

1.	 The actuo.l volume of the sl~e'Ve extenr:lir:g beyond the. nut. 

2.	 The volume of the cyl1ndflr th'\t would enclose the nut. 

3.	 The volume of a cylirrler tha'; would enclos-e the fitting 
betwean the nuts.' 



l~ 
...•...~

J J __'I 

~~ 

1	 The effocti~e volume of th~ fittin~s w~s found for a n~~ber of 

.~
 
airplanes for the l/e inch rub5ng. J.)ividir~ this colume by the lenr;th of
 
1/2 inch tubin~ wo obta in too l'1ffective volumo por inch of tubing - 
.082 IN3jJN. . '
 

The equlltion for the Wl3icht of fittinr;s hf\3 alre'l.dy been ';'eveloped. 
(Appendix A. Suction I) 

I
 2.q8 x 1O-5D~2
..Wt/In 
36000 .. P 

The weight divided by the density ~nd multiplied by an a2propri~te 

."	 constant oquals the volume of the fitting3 per inch of tubing. Th's equ'l.tion 
is set equal to tM volume of fittings for 1/2 inch tubi.nr; lind 3000 psi. 
found above. a.nd tm new cons tants evaluate d • 

Vol/In .082 . ! 2.q8 x 10-7(.7)3(3000)2 
p 36000 + P 

+ 4.87 x 10-3D 

K • .026}
P 

Solvi.ng for new oonstl\l1t Sf 

Vol/In 

The values for 2. '10, 50, and 100 horsepowor pressure. return. and 
supply lines are tabulntod 1n Tableo A-6, A-7. A-8 and plotted in figures 
A-21~,l-28, and A-32. 
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TABLE A-6 

A-49 
( -- \ 
( 

TOTA.L SPAcr; CCCIJPIED BY PRESSURE LINESI -SY:Jtem OD Tu1Jli~i-; -Blm,]s--TITtl neB Totar-'-
Pros sure HP (IN) (IN)) (IN) (!N~) ( r.N» 

---WOo 2 .-)B --;0157--~·uJ)- •OuuOI4 !:f- .100048
I 10 .1;48 .238 .1?S .000086 ·363086 . I 

'30 .q1(6 ·702 .61JJ .00016 1-34616 
100 1.119 L17 1·38 .00022 2.C:;S22 

lS0Q 2 .2(,1 .05)6 .01)? 000043 .0571J~"j 
10 .h!a .157 .0679 0000076 .c;2}1976 
SO 0773 .469 .)S15 .000147 .820647 

100 1.01 .800 .702 .000212 10582212 

3000 2 .1<':)8 •0308 .0059 .000040 .036740 . 
10 ·31; .077 .0233 .000067 .100367 
ljO .566 .2S3 .1378 .0001L} ·390943 

100 .728 .416 .293 .000212 .709212 

4000 2 .187~ .027 .OOS9 .00043 .032943 
10 .281 .062 .01685 .000062 .078912 
ljO .506 .201 .o9s4 .0001!;9 .2Q6?49 

100 .656 ·338 .2116 .000231 •CjS2731 

SODO 2 .187S .0276 .OOSQ .000049 .033S49 
10 •26t .0543 .01382 .OOO07j .068193 
50 .47 .1765 .0810 .000165 .257665 

100 .615 .2Q7 .1768 .0002')9 .47401:.9 

'7500 2 .1875 .276 .00S9 .000063 . .033563 
10 .251 .0495 .01202 .OOOQO .061610 
50 .1-135 .1485 .0625 .000212 .211212 

100 .558 .2JJ~5 .132 .000341 .376841 

10000 2 .1675 .0276 .0059 .000087 .033?87 
10 .275 .O5~ .01573 .000132 .075262 
30 .432 .147? .000269 .208089.06~ 

100 .557 .24J~0 .13 .000491 .375891 
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1'ABIE	 A-7 

"--:;5 
TOTAL SPACE OCCUPIED BY REl"~'RN LINES 

• 1 \ 
SY3tOlll . Bilek OD Dends F'itbn[s Totar1 Pros GLJ"e Pross liP (IN) T(~:/J1 (IN) ) (IN3) (IN;)

i 1000 500 2 •31t .0767 .02;25 .000048 .OQ<l998 ,.	 
10 .58 .<::)6 .~25 .000091 ·361091 
SO .::)41 .6<1t; .6:;3 .OOO1S9 1.~28159I 

\	 100 1.20 1.13 1·513 .000217 2. 1)217
I 
i 

1S00 7'50 2 .261 .0'?35	 .013S .000043 .067ol.(~1 
f	 ;'0 .1J.~1 .1')68 .06S1 .00007'5 .2219'7'5 
1	 so .761 .4 rJ8 ·335 .00OlJJJ .789141. 
I 

·1	 
100 .980 •754 .715 .000203 1.469203 . 

I 

3000 lljOO 2 .lqa .0;.77 .OOC;q .000041 ·°36711I 
l
2 

10 ':;12 .076h .02303 .000066 .oqtl496 
50 ·'532 .222 .114 .000131 ·336131 

100 .6S8 .;61 .237 .OOO13Q .598189t I 
" 4000 2000 2 .187') .0276	 .oo'? .000043 .032643 

10 .272 .OS81 .01S3 .000065 .073465 
'50 .460 .1Mo .074 .000131 .•240131! I 

100 .sq6 .278'5 .161 .0001cn .439691 

5000 2'500 2 .187'5 .0276	 .005 .000048 .032648 
10 .246 .0457 .01l3 .000066 .0'58866t\. 
50 .420 .1365 .0563 .0000136 .192936 

, . 100 •')42 .23°5 .121 .000213 ·351713 

7'500 3750 2 .1875 .0276	 .OO'? .000062 .~~66210 .216 .0:;665 .00766 .00cx:n4 • 384
50	 .0983 .0;485 .000154 '~3304100 • 0 .166 .°74 .OC023 • 023"ll
 

10000 '5000 2 .1375 .0276 .oor, .000077 .~2677
10 .210 .O~6 .00696 .000092 • 1652 
')0 .086 .0276 .000178 .11~778.~1

100	 .lJ425 .0586 .000282 .201382• 6 

i 

I 
! 
I 
I
 
I
 

I 
\ 
I 
I 
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I APPENDIX B 

\. 
THE liBIGK1 AMI ~Pf.Cr: OF... 

HYDRAULIC CYLIIWEi;S 

I' 

AT 
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B-2 

HYDI\.,i'UG C'fL1NIJgk i'1~:lGliT STUIJ{ 

Wr 1'etlll II J,drJ.lul1c Cylincbr WoIcht (Lb) 

WJj Uni h:.ll llor,rilll: '1leif.:,ht (Lb) 

Disc Woicht (Lb) 

We • Cap W6ieht (Lb)
 

W • Barrel.Weight (Lb)
 

Wp Piston Weicht (Lb)
 

Rod Wei~t (Lb)
 

Gland WBi~ht (Lb)
 

Rod End Wei~t (Lb)
 

Fluid 'Weight (Lb)
 

Barrel Inside Di~meter (In.) (Bore Diameter)
 

D Barrol Outside Diameter (In)
 , , . i, . p · Syotom Workin{; Pro:: sure P.S.I.
 

P' • l'roof Pressure (1.5 P) (P.S.I.)
 

~ Durst Prossuro (2.5 1') (P.S.I.)
 

S Stroke (In .)
 

St • LonGitudinal Tens11e Stress P.S.I.
 

5tt· Trallsverse Teuai Ie Stress P.S.I.
 

Ss • ShebT Stress (P.S.I.)
 

p • Material Specific WeiGht (Lb/rn3 )
 

G • 3nfety Factor (Number)
 

I lI,l ,I, "'l' ~ ~: 
"
, ,. 

\ 
.. 



.... 
h 

B-3 
f.. 

,.	 Out::;ido Dinml3tar (In.) SUbscr:rtDooit:nu.tos Part, 11h1ch WillDx 
AGroe With W'31r;ht S'lbscr1pt 

Inside Dilullotor (In.) Subscrip. Jesi[;ontes Pur+.; Which Will 
Ae;ree Wi th Wei~ht Subscript 

F Load ThrouGh Axis of Cylinder (Lb.) 

A .. CronG Soction Araa (In.2 ) 

Thread Lon~th (In.) 

Longth (In.)L •
 

t ,. Th~.ckness (In.)
 

Dc	 Cylinder OutBid" Diameter·
 
(Spa.ce). (In)'
 

. Rod Outside Diameter (SfUce) (In.)~ 

e	 • \.I.uantity Added to Stroke to Yield Cylinder Ler..gth (SpaCB) (In) 

,.6 Qll'Ultity Added to Stroke To Yield Rod Length (Space)' (In)
L 
I.	 Pr-R" Critical Column Loud (Lb.) 

.. a" Cylinder Length (In) (Column) 
1. 

b ,. Rod Extension Longth at Hal!' Stroke (In.) 

r' 
L	 .. a+bI. 

,. Young's Modulus l<'or Cylinder and Rod Maturial. Respectively
PSI 

• Mon~nt of Inertia Cylinder and Rod. Respectively (In4) 
•	 Sti!'!'nesB Factors (In.) . 

..	 Radianll 



..., 
I It W.lS tho object hero to obtllin the woichtoQul\1...ion of·oLlch cylinder 

part i~ '.-erms I)f bora dinl1lotnr, sy:.:tem prossure. i •.nU utl"oke. 

For purposEll> of cnlculnti on II cylindor 01' tho tYl t , illustrl.o.teQ. in 
fi.gure B-1 was assu!ned. 'i'his choice is hlcDOU on st:.llL;ticnl Elvidonco that 
tt;i:: tYlJl3 predomj IInte s al] Qthcr type El in curl'('Tlt U:i6 iu tho uircrl.lrt 
industry. (SOl) f'igure [j -2) The cy 1imlnr Vlun su l:)(11 v.idod into re [;ular 
geometric solidn und nnmed for ideutifice.tion. 

First is t.litJ uniblll bo-,rint; u.t helld olld. A plot. !'iLure B-3wc.s 
lIHH.ie of benrinc; weiGht vorsus. lead und !J,jCUUS-' the points api-rOXilllutod 
a slr<:.i[;ht line, the following relution is true, 

W 1.1 x 1O-5Fa 
Buts 

'.> 
ft d""l"F • 4' 

So:i 
I. 

WlJ :: 1.297 (l0-5)d2P (I) 

Next is t.he web. From G~ta it is loCi cal to assume the web weight 
to be twice tho unibl.o.l bl:l .• ring weir;ht, whereupon there results. 

(IJ) 

Next, the diDc is considered. Bo.:;icully its 'Nel~ht cun be said to be I 

• 

F'rom Lame's formula (Mark's Mechan! cuI Enc;ineerir,g Hu.ndbook He!'. ~) .!
 
it is evident I
 

d2 (St +
 r-)
Sf - l' (III) 

From the equution for etreRs in a circ'.llar pla'te under uniformly 
distributed load (Murk' B Mechliuica 1 Engineerine; Handbook Ref. 3) 

( IlIa) 

AlBol 

p • 0.1 Lb/In3
 

2
St • 50,000 Lb/ln

. )
 ".
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r B-5 
1. 

Finally: 

.000215 3 1/2 (20,000 + p)
d P ~~::-y. ( IV) 

The busic CHr weicht oquation is. 

AL • KALr (v) 

Fo:" nrea the followine: nlOthod was used, 

TeIlllile Load· Tonsil Artia x TOllsile BtreB5 

A. 

And ror' threa length I 

Shear Load· Shenr Arl'a x Shear StreB8 

• IIDLr x S. 

(VI), . 
j 

L 
K is aseumed to be proportional to pressure and thread length. 

So at 3000 psil 

L • ~. Lt + C (VII) 

From The Glenn L, Martin Compeny Hydraulic Design Manual it is eeen 
tha t •. 

C Irs d 1.5 In 
P • 3000 psi
1'" 7500 psi 

Also. 

;'/.000 pBi

1t 50.000 psi'
 

Subtitituting in equation VI. 

• MJ750§J ,r 50.000 - 7500I

I LT ~37. 0) V ~.OOO + 7500 • 

''-..: I 
\. ! 

I 

1: ,I····!l'
I 
J 

I 
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From Equ(\tlon VII ~ 

K
 

Finlilly r
 

dP" (Stt; - P" 1/2 

.. " r;-s-;- Stt .. I,n ) 

I(VIII) 
\ 

rll'izton wai(.ht WHS IiG3UllICd to be r 

Ora 

I 
1 

To obtain thicknesll ('>1' the piston, n plot -1'011.:; rnudo which is a 
plot of 'V'E:lu65 from Tho Gloml L. Martin Com;xmy Hydrnl.ilic D~sie;n Manulll, 
Figure B-4. e.nd from it it was obsorved th:lt. 

(IX) 

.. 
closoly approximatod .. ~tunl couditions. 

For stOlJla 

..p 

Consoquently • .. 
; 2 .. Wi' • & d (.l54d +.56$) (.283) 

(x) 

The uurrel wei£;ht was considered to be. 

(XI) 

But. 

(XII) 

• 
1 

..
 
..
 



-

\.,
 
I',
:1
 

i •	 B-7 

And: 

L = :.; I Piston Thickness (Equ~tion X) 

(XIII)L = S + •54d+ .569 

= 0.1 LB/IN3 (Ai-., :~:um)	 ( XIV) 

Combining Equations XII, XIIl, Bnd XIV, Equation XI becomes1 

3
W = ~121 d + (.07fl54 + .0447) d

2J(10~OO(\ _ .5P ) (XV) 

In order to calculate thG ;-;:d IJeieht it wa9 neCe9i'Jary to C'lstabli:;'.: criteria 
reir rod physiclll rUmension:l to obtain comparativ~ vIllue3 up t.o 10,000 P.S.r. 
system pressur'e. 

In order to detormine the proportions of diamoter and wall thickness of 
the piston rod, rererence is made to figur~ B-2 which indicatos an area ratio 
of .75. (This "ICf.lnS 1I rod dlnmeter equal to one half the bore diameter). The 
maximum colurr~ strength of a cylinder with such proportions could be obtained 
by using a solid steel rod, and a plot Was made of this ca8e for 3000 P.S. L 
However, much r,reater weight efficiency 1s achieved without appreciable loss 
of colurr~ strength by use of B hollow steel ,rod having a \Ja1l thickness 
approximately one oighth of tho rod diameter in larger sizes with a minimum 
\JaIl thickness of .094 inch in smaller sizes 115 a manufacturing practice 
limit. A ctrrve repre~enting the column limit of .094 wall thickness rod has 
been plotted on figure B-5 up to the point \Jhere it also eq\lals one ei~hth 

,the rcyj diameter, and beyond thllt point the curve for column limit wns plotted 
,\Jith a rod .lall equal to one eighth of the rod d~Rmeter. It should b8 ' 
observed that the nollo\J rod column limit is very close to the solid rod 
colUllUllimit et the slime p1'9SSuro. From figure B-6, it should be noted that 
the majority of cylinders in usc today at 3000 P.S.I. fall very close to the 
colwnn limit. This mp.Hns that to be fair in the analysis, design of cylinders 
to a higher pres~ure necessitates, in many instances, usin~ a shorter stroke 
and a correspcndinBly F-roater load in order to produce the same quantity of 
work. This same optimum rod design of .094 minimum wall and an increase in 
thickness equal to one eighth the rod diameter has heen used at all pressures. 

The graph figure B-S p~esented an excellent correlation bet\Jeen bore, 
stroke, and pressure for each prensure renge considered. Thes~ values were 
established and inserted i.n t.he weight and space equations. 

The critical column equa~ions were calculated by the follOWing equationSl • 
! ' 

•	 "Critical Buckling Loads for Hydraulic Cylinders" by Fred Hob11t, Ju1;r 1950 
issue of Product Engineering magazine 
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B-8 
( 1.1: ) KJ.. K2 . 

:::
PeR -~~-2~-K2 ~+T~~c12r 

~l~! K = E2 12Kl = 2a b 

fCC 

~l 

=

= 

The~e equations toke tuto account inittal offset of the rod as it emergos 
from the cylinders. This 15 sometimes referred to 8S "spring action". 

It :Is evident that t ....o rc.od equations I"re .·e-quired, one for rod 11 . 
thickness of one eighth the fud diameter,' and another for a constant al1 
thickness of .094 inch. Further, the former equflt.ion then appl1es if the 
bore diameter is over an inch and one half, and the latter belo.... this value. 

The basic equation for all cases is: 

= .:II (XVI)
4
 

Assuming rod ....all = llg rod diameter
 

Ora
 

. t = DR - dR = DR· 

2 8
 

From which.:
 

And a 

T· 
i 

I. 
I 
I 



1 

AmI: 

(XVII ) 

The rod l~ngth iSI 

LR	 :: S 1" Gland Length 

GlBnd length is sholo1l1 in figure B-'7 811 Deing .929 DR + .9142 \lhereupon~ 

L =S + .929 DR + .9142 

And if length equal to one quarter inch is 6~ded for this nut: 

L =S + .929 DR + 1.1642 (XVIII) 

r = .28) LA/IN3 (Steel) ( XIX)~ 
~ d 
DR = "2	 (XX) 

1 . ,/, I. Combining equations XVII, XVIII, XI1, and XX, Equation XVI becomes: 

WR (.0244 + .028) d2 + .011) d3 

r 
! 

When rod \011111 = 1/8 (roo diameter)
 

, Assuming roo \1811 = .094
 
1. 

Or: 

'i •~.-- -	 ", 

I ' 

!~ 

,Ii
• I 

B-1?
( 
(	 \ 

So~ 

Then: 

And: 

(XXI) 

Comhining	 equjtions rrIII, XIX, XX, and XXI, Equation XVI becomes: 

WR = (.0417d - .00784) S + .01938d2 - .003644d + .03946 

(XXII)
When rod w.11 = ~m 

Gland \leight is expressed as: 

2 
. Wa = -f (Da - da2

) L P (XXIII) 

# )	 
"-- ---,~•• " # ~.~. 
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B-10 

Referring to flgure B-7, it ie .jean that: 

( XXIV) 

And: 

(XXV) 

Also, it i8 obvious that: 

(XXVI) 

(XXVII) 

Combining equations XXIV, XXV, XXVI. and XXVII, Equation XXIII becomes: 

, . We =.00265 d) + .03711 d 2 + .0806 d + .0352 (XXV'!I) 
I 

Rod end weight ia plotted, as a function of the load in figure 8-S. Thus 
the relation below occurs: 

n
 
But load 1a I
I, .
 

LOAD, = 11" d 
2p
.. , 4 

Accordinglyl 

WE = 1. 795 (10-9) d4 p2 (XXIII) 

Fluid weight.&qua1~1 

2
W - { dF 

Or: 

WF = .0238.d
2 d- S (XXIV) 

And O(i6 a pressure coefficient, see figure A-9.L 

All the foregoing equations Were chec~ed with data. and it was found thBt 
so:ae coefficlentshoo to be amended filightly. Tho correct equations Hre listed 
below. 

Final welgh~ equations for hJ~raullc cylinder parts: 

Uniba1 bearingl 
~. 2 . WB = 1.297 (10"') d p
j I. 

Web I 

W = 1.343 (10-5) d2 pw 

i 



B-ll 

Disc: 

Capi ··· ..-------.--.-
20.0\1.12-::-2. SP 
20,000 + 2.5P1 

Piston: 

Rod: 

1. Rod wall = Rod8°.Jh 

W = (.02625 S + .03045)d2 + .01217 dJ 
R 

2. Rod wall = .094 
2

W = -(.0522d .00985) S + .0243d - .OO457d : .0495R ... 

Barrell 

W = ~012ld3 + (.07g54 S + .0447)d~(~~OO _ 2.5P) 

Gland I 

WG = .OO36d 3 + .0436d2 + .1097d = .0478 

Rod elml 

WE _. 3.015 (10-8) d4p2 

Fluid I 

II " given in figure A-9 

The final weight equation iSI 

WT = WB + ' v+ WD + 2WC + W + Wp + \.1R + lola + ~ + W, -

and thtR equation 1s shown plotted in figurAs B- 9 and ~-lO 

..
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8-12 

HYDRAlILTC CYLINDER SPACE STUD! 

The ~PI\CC occupied h.f a llydrRullc cyl1nd.,r iJRtl been considered to consist 
of t...,o .:yllndricbl sPAces. end to 3nd, on the [wooe 10ngitudinal axis. Thft 
largor spoce 1s of a length Aqual to the dIstancE'; from \.Ieb end of the 
hydrauUc cylinder to the glaml end, (see fip;uro 8-11) and \.lith a diameter 
equal to thl!! outside diamettJr of the berrel nut. The smaller cylinder has 
a length equal to the distance from the gland end to the extreme rod end wb",n 
the rud 113 extended to full stroke. and i ttl di/lmeter is equal to the largest 
diameter of the rod end. This arrangement provides for ports, etc. 

From the for~f,oing it is evident that four dimensions are necessary to 
solve for the speCI! ("101ume) requiremente of 8 hydraulic cylinder; namely, 
large cylinder diameter, large cylinder length, small cylinder diameter, and 
small cylinder length. 

To simplify this section of the \.Iork a semi-graphical method \.185 

utilized. This method consiests of solving for general equations e Id using 
plots of these eqUtltions BS the criteria in succeeding volume calculations. 

As previously stated, the large cylinder dian:etel is that eq'<lal t·o the 
outermost dimension of the barrel lock nut.. This is justified, sInce space 
enclosen by this ~imen8ion is mos~ nec~ssBry for port allo~an~e3, etc. 
Referring to figurd B-1": it i5 seen·that this dimension iSI 

DC = d + 2t + fj, + 2(1.2 t) + C 

From The Glenn L. Martin Company Hydraulic De151gn Manual, data vaa 
plctted Bnd from this plot it \.las seen t.h~tl 

50,000 + 2'2P .1789= .0793 d t
50,000 - 2.5P
 

Alsol
 

C _. .385 for the range from .750 to 4 Inch diameter barrel 

From ihe thick vall (Lame') Formulal 

t = d ( 
29,000 + 2. 5P 
50,000 - 2.5P i 

) 

, 
And this 811 combines to yieldl 

150,0<.:0 + '2 5PDC = d ( '2 21'" - - •• ~ 50,000 - 2.5P 1.2) + .5639 

A'plot of Which is sho\.1O in figure B-13. 

I 
I
! • 

1 \. i 
j_. I. 

The length of the large'cylincier \.las 

= 1. 5d + tD + S + L 

con~idered to be: 

I 

1. ,. 
'1 

(xxv) 

(See figure B-14) 

...... ,.- .. 



,. 

I 

1.5d \lEIS considered to bl~ a Reod allowunc9 for the web 

From Equation IIIal 

t = 0.6 d~
D 

Frolll Equation XXV: 

B-1) 

length: 

Finallyl 

= e + S ( XXVI) 

Where: 

e = (1.9645 ~ .001583 P d + 1.1642 (XXVII) 

is plotted in figure 

For the smaller cylinder (rod) assumptions \lere made based on data. A 
T quantity" J " to l~ added to the stroke to yield the SJllHll cyUnder length,
I was considerod to be equal to the bore. The small cylinder diameter was Bet 

"at 0.85 t1.nes the bore diameter. This informatioJ. 1:1 plotted in figure 8-15. 

For the total volume occupied by & hydraulic cylinder 

(xXvnI) 

(The vtilues from the graph!! are inserted along with kno\l1l quantities) 

The valu&s for equation \lere solved and are plotted (figure 8-16) ~~ 
show the minimum preseure. 

J 
J 
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r TABLE B-1 
B-32 

I \' 

CALCULNl'ION OF 'mE WEI GilT OF JlYV!;. ULlC CYLINDF.HS 
--------~Vi	 I 

(WOHl{) d	 }> S TOTAL
'-'-

3.000	 .1~79 . 3.000 5.51f .39BOD 
.1~(-2 J~ .000 Jf .J~8 .3 (f;lL+6 
.J148 5.000 3.82 .3(JJ776 
.~2' 7.500 2.<35 .381+008 
.406 10.000 2·32 .1~tJ) 

20.000	 .935 3.000 10.30 ,1.W~936 
.B68 4.000 0.45 1.331672 
.840 5.000 7.22 1.310100 
.792 7.500 5.42 1.5~0750 
.757 10.000 4.44 1.79~504 

100.000	 2.255 1.500 16.7 ' 8.91810 
1.747 2.500 16.7 .5.&J07 
1.593 3.000 16.7 .5 .2{j:)71 
1.~38 4,000 13 .5 5.37050 
1. 93 5.000 11.4 5.76279 
1.1.~05 7.'00 8.6 6.95838 
1.325 10.00q, ,7.25 8.27974 

too.ooo	 4.015 1.500 31.6 43.9658 
3·11 2.500 ,1.6 31.1106 
2.84 3.000 31.6 29.65390 
2.725 4.000 25.8 29.94380 
2.th7 5.000 21.8 31.95175 
2.52 7.500 16.2 hO.2212 
2.39 10.000 13.4 49.1201 



....I.- , . "-~. ~">, t',... p.r' ~	 . ~, 
7.iBLE B-2	 [

B-3320,000 !NCH LE. OF hORK	 •I' 
t 
fi 
I' 

UNIBAL CUINDER HEAD END IDLYroP EAP.REL PISTON 
I 

d P S BEARING E~l) CAP OVER	 I: 
.935 t,ooo 10.;0 3.40 (10-2 ) 3.52 (10-2) •10120
 
.868 ,OCO 8.45
 .. .02074 . .2684 .036286	 r

I3.9 
It 

4.04 .. .1277 •02735 .2725 .0;1122	 .. 
•840 5,000 7.22 4.58 4.74 ~ .1653 .03755 .29~ .02<)11It	 ~ .7CJ2 7,500 5.42 6.11 - 6.32 ~ .2616 .0668	 <.3655 .02583
.7" 10,000 4.44 7.44 It	 t- 7.€$ • .3505 .0989 -4670 .023534	 r, 

t~ 

!I
~ 

! 

ROD END t:CAP ROD FLUID TOTAL	 ~ 

't.2~t4 .46747 .217 . 1.444936 
.ZTti16 .36334 .1533 1.331672	 r 
.30563 .25931 .12;6 1.310100 
ft1~ .23213 .0829 1.540150 t 

781 •19116 , .O~ 1.19~504	 ~. 
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i ~r' " . . r r l 
: 

'H.3 LE B-b. f 
Cl1.n:DEit DATA 

B-35BOEI1:G ~ 
t 

hst Rod Retrr.ct Beau- doa-Wi1 kea Access 
tT JIF? THe n.;~ c:: ... pnlra Lmt;th Aren. Are!! Ratio Heu.d 

!,;anoFY Latch 1.bI:! .75 2.78 2.(;61 1.0:19 • {OJ t 
:Jcnb Door 21·50 3.17 2.6; .830 
Spoiler 1.75 .88 32.36 2.1;05 1.796 .746 
Aile.' on 2.00 .75 ~i .10 2.05 2.CGf; 1.00 
Flat:eron fo\;or 2.00 .75 2.05 2.t98 2.698 1.00 
;;;lev. Power 2.00 .75 3·40 2.6)8 2·:..96 1.00 ",.,; 

5~('iler 5·92 .99 .394·39 
IFR. 2.5 ·.[9 .~ .494 
Ruduer rOWel' 2.00 .75 3.40 2.698 2.($8 1.CO 
Hyd. Lock .75 .5· 2.;0 .1~~16 .2455 .555· 
Aut. Brake .56 .58 .2:~6 ~326 .538 

r. 

~;;..in :ie:;.r 
B. D:or Front 
B. Door Latch '. 

B. Dc:or Rear 
Steerir:g 
IFR Door 
Fr. Recp. Toggles 

4.26 
2.24 

2.255 
3·875
1.000 . 
1.058 

1.312 
1.612 

1.620 
.474 
.t95 
.748 

21.93 
23·0 
1.5 . 

23·0 
10.50 

6.43 
2.77 

14.2:~ 

~.?4 
.ll 

}.99
11079 

.79 

.80 

12.88 
1.92 

1.92 
10.02 
.4l 
.44 

.904 

.1.+82 

.482 

.850 

.518 

.500 

B-52 

3-52 

42700 
ll?~)O 

3;Ci 
11950 
35300 
2370 
26M 

r 
K 
f 
i' 

f 
f 
r 
J 

!l 

i, 

r
f-i 

t 
r. 
f, 
r 
r",
£. 

E'
~ 

r 

t 
-.- "--"-----~: I. 
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CYLIUDEP. DATA TJ2LE B-5 r 
CHAliCE voucm a-56 

h st. Rod. Re tract Rea d 
f 

l<cc-S"'-:'i;":ld":'"e--};-.r~e':"'a --A'-:c:::-c':"'es:-:s~-';"'.c:-:-ce:-~-.s---------ft 
Nlt:.:& Dia. ~ia. Stroke L6ngth /..rea [,..ea Rati;;l Head f(oc. EJ::d. rl?ne L:Ja::: tV 

?7U-l t 
r;ose Gear 
.:e.iu Ge.. r 
.: a in Ge "r !JOCI 

3.25 
'3.25 
1.122 

2.5 
2.5 

.099 

17.657 
21.954 
4.00 

8.296 
6.296 

.9652 

3.387 
3.387 

.7096 

.408 

.h08 

.801 

1~~C 
l~OO 

psi 
~s~
• 

~~5 
~/;O 

f 
f
f 

Ii 0 se Ge", Doer . 
Speed Brake 
A1evator 
Canopy 
Inboar'i 51atr. 
Outboard Slats 
l7ini; Fold 
~'iin€ Ein6e Pin 
l'rr'est Gear 
GW1 C~lZr be 

2. tf-3 
1.997 
1.497 
1.497 
2.50 
.~8 

L74 
1.00 

1.7L7 
2.122 

.561 

.998 
1.373 
1.373 

.746 

.149 
1.165 

.499 

.748 

3.::,6 
16.;4
c;65

27:44 
12.490 
17.04 
15·2;1 
5·31 
9.80 

10.0 

2.405 
3·53 
3.916 
3.14 
1.65 
1.65 
4.909 

.782 
2·376 

.765 

2.1578 
2.7577 
3.916 
l.r..>b6 
1.1561 
1.209 
;.615 

.5865 
1.939 

.E97 

.7'60 
l.ee 
.531 
.701 
.732 
.776 
.75°, 
.e15 

Lock 
Lock 

Lock 
Lock 

Dash Fot 

l:~CO ~Isi 

1500 p::;i 
3020 ,:S i 
1.500 pci 
1200 psi 
1;200 i,si 
2600 psi 
2::00 rsi 
1050 "si 

. 505 
66:0 

2S65G 
19~0 
lIce 
nce 
9800 
11L5 
1t5C 

t:

r 
I' 
I~ 

I't 
t 
t 

BaH ie. ~as I; 

~ilevator Cr~r.be 

~Ting c. 

.625 
2.38 
4.273 

.249 
1.75 
103'13 

2.18 
1.25 
3.65 

.307 
4.49 

. 14.32 

.25B 
2.0B 

13.85 

.e41 

.446 

.967 
~~p oj 

131.6; t 
W,CO I~ 

Rudder ya.... Rate 1.125 .666 1.03 .(;40 .~~1 lEOO ~ 
Ganopy 2.00 1.375 3.14 1.646 .524 .' 3 Ir.t. Locks 2C75 :
40 G L:lck u.nrl Track Unlock .500 .311 .1963 .120 .611 lOCO 'lsi 2S; 

r 1.;:;"1'5 [t;ose Ge~r lhor 1.875 1.00 2.75 1.965 .714 Lock 4 .... 1 f: 
ijose GeAr ;.25 2.50 8 ..~0 3·39 .408 Lock Loek 45'~O ,1 
Arrest Gear 2.125 1.00 '.5~ 2.745 .778 Internal Dashpot 7320 ~ Gage and Reservoir I 
fling; Fold ;.00 1.50 7.068 5.;0 .750 Int. Seq. VaIn 161CC l 

l
Outer P~el ~lat 1.50 1.00 1.767 .982 .556 Lock 2740 
j"ower Control 4.50 1.75 15.9 13.49 .848 88170 
~ain Gear 2.122 1.123 ~.53 2.54 .720 6500 
iling fin Pull 1.25 .te4 1.227 .921 .750 1620 
Spaed Brake 4.50 . 1.375 1;.9 14.43 .908 427co 
~ain G~J.r Door 1.25 .500 1.227 . 1.°31 .8L2 440 
Center Sec. Slat 1.50 .750 1.767 1.325 .750 
Rocket :rack Door 1.}8 .625 1.496 1.189 .795 3080 
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I;· 

lIA.:E 

RudJer l300" Fsi) 
E1evon (3,,00 pi) 

-

Fist 
Dia 

1.126 
2.1~6 

Rod 
Dia . 

.623 
1.12) 

Retr&.ct 
Stroke, Len(;th 

4.35 
7.59 

cOJ;v:.m 
CY:..n::EP. DATA 

Ee"-d Rod O)iae 
A!"e S). Area 

.&.U4 .6t{)4 
2.STl8 2.577G 

1.rea. 
nati~ 

1.1:.0 
I.CO 

Acces: 
He ",c 

. ~aLdeu. 
Talll:e:r 

Boro 
B-37' 

T;2.LE 

r 
f 

r 
f' 
rc 
~~: 

...,A-c-ce-::;-:::----------~, 

~oc 3nd fl~e Lo~d. ~'-,.:-
~" .

-........,.".•••=;'V.,......,..l---,-,.."r,....."....~. -fr
.'.1'. <:::\,;~~~, 

XFY-l 77c:C"~ [ 

r\Qse Ge",r D"or 
l~os~ G~_r 

J..G.~ cre_r 
Ili~oard: Outboard E1evon 
~o~er S;eed Er~e 

U;-;:er Speed Brake 
Rudder 

1.00 
1.562 
2.00 
2.250 
2.25 
1.75 
1.625 

.75 
1.Ct2 
1.00 
1.062 
1.00 
1.CO 

.575 

.720 
10.50 
12.56 
6.45 
7,45 
6.28 
4.030 

.7t5 
1.911 , 
3.14 
3.976 
3.776 
2.405 
2.061 

.343 
1.029 
2.355 
,.0('.4 
3.191 
1.620 
1.1#) 

.l37 

.537 

.727' 

.777 

.:A:i2 

.673 

.705 

lander.. 
E£.ll Lock 
Ball Lock' 
hndem 

Sr:t..tber 
Sr;;.u::;oer 
B;;: 1;. Lock 

Ball Loc;C 
Ball Leek 

3all Leck 
3r.u'o::;er 
Sr::.uboer 

IF-lC,~ 

IF-ICc: "7-
<: ... :;::; 

:; i3C 
':1~lC 

11920 
1192(, 

7210 
c1BO 

r
Ie 
t 
i r 

t 
~ 

f' 

Elevon Inboard 
Elevon Outboard 
Engine Air Inlet Duct 
Rudder 
Ski Actue.t ing Fwd. 
Ski Actuntin b Aft 
Ski Down Lock 
lis. ter Rudder I Dive BrallB 

2.00 
1.681 
1.375 
1.375 
2.125 
2:625 

.625 
2.75 

1.125 
1.00 

.75 

.875 
1.000 
1.125 

.375 
2.25 

7.45 
7.35 
7.2 
4.26 
8.1 
8.5 
1.00 
6.00 

2.1548 
1.432 
1.L74 

.E;'r~ 

3·53 
5.~9 

.3°66
5.94 . 

, 2.1548 
1.432 
1.032 

.873 
2.745 
4.4048 

•i9t:4 
3.976 

l.OU 
1.00 

.701 
1.00 

.756 

.817 

.640 

.668 

Tande:n 

Tar:.ce:n 
Tar.clem 

i.F2Y-l 

J.r"""2Y-l 

t;~ 
L.42o 
2620 
1C~C 
16160 

020 

17eOO 

t 
1
f 
j
t
L 
tf' 
f' 
~ 
l 

l' 
£ 
IT 

t 
~: 



~ 4 ~:f·T;.P'" ,p • :r"" ".- .--'~--·~-·-U-----r"'"'lrp,,, ',}SJ;:>:;~: :. .'__ _~_ '=~_~h' _ ,~~......_._w~ .. .,~, ..._,....l~.J~_,'t'." t_· _- ---._.~-_. -..'---- -.--.-.-.-- --- ·---if 
: ~. 

'I 

Fist. Rod 

cnuwga DATA 

OOUGLAS (EL SE.Jtlli~) 

RetrHct HeO-d R0a Sfae- Area '.~ce5s 

TA3LE 3-7 
3-38 

*Extended L6ng~h 

Access 

rsge 1 

t 

! 
NRlE 

1;os8 Gear Link Lock 
;';aw Gear Bungee 
Coekpit Enclosure 
L(;.J:;ding Flap 
Cockpit Enclosuf5 
Cockpit Enclosure 
Landing Flap 
~nin Gear Link Latch 

Arrest Hook Bumper 
I,os,~ Vineel Door Latch 
l:os9 Gear DwL Latch 
·to~e Gear Door.Lock 
Arrest Hook Centering 

Dia. 

.500 

.625 
. •625 

.C:e5 

.750 

.575 

.675 

.875 

.875

.87, 

.675 

.812 
1.0 

. 

~;12 
.21; 
.375 
.312 
.,75 

.50 

.4,7 

.750 

.625 

.750 

.750 

.625 

.50 

Ilia. 

2.CO 
.562 

3.1[,7· 
.50 

1.062 

L.O 
2.::93 

~~.167 

6.0 
25.25 
24.437 

C.O 
1.25 

Strci::e 

7.562 
4.25 
6.93
4.2, 

no end 
beuring 

3.9~· 
15.937 
31.te5 
12.261 
33.25 
34.0 
12.281 
17.1e7 

Len~h 

.19to 

.3068 

.~068 

.;068 

.LM 

.CD.3 

.W13 

.&}13
.&}1; 
.&}13 
.&}13 
.5185 
.7854 

Area 

.4053 

.451; 

.1591 

.2945 

.1595 

.1595 

.2117 

.5E90 

-.lC95 
.2;00 
.1963 
.2:300 
.;,4 

Area 

.558 

.749 

.th 

.749 

.75, 

.675 

.750 

.2C5 

.1£:;1'0 

.2dj 

.2C5 

.408 
•749 

Ratio Rod 

Ext. Spnnf:
Ext. Spri;J.g 

Spring Louded 

Read End 

A3D 

;--.u~..:le 

XET2.D-l 

'Z,:
:-o/;J 

XY1..,D-1 

r.=,T2r-l 
1-lj-2-3 
;.r;-2-,-4 
XDT2D-l 
1.FLD-l 

A3 D 
x.Fl...D-l 
1.:3 D.l 
F3D 

lE05 
lEns 
lCCS 
1005 
lE05 
lE05 
1;: -c;./;1... 
20CC 

C:87 
920 
920 
920 

1;30 

Lc!!.d 
f 
r, 
!. 
~ r. 
I 
t 

I 
F 
t 
~ 

[ 
Landing; Flap 1.0 .625 E.O 12.25 .7854 .4766 .wo 

At-1-2 
)3T2[-1 20:;0 

}lain Gear Latch 

Landing Fl ap 
~ain Gear Door Latch 

. La.!lding Flap 
Nose Ge~r Own. Latch 
a.erg. Enclosure 
Nose Gear 
Nose Wheel Steer 

1.00 

1.0 
10 01:2 
1.062 
1.125 
1.125 
1.187 
1.250 

.500 

.625 

.5°0 

.562 

.312 

.875 

.750 

.5C2 

.312 

6.25 
1.00 
6.75 

.750 
6.375 
8.250 
6.i8~ 

6.0 

10.562 
5.125 

10·75 
6.C 

15.9;7 
1;.687 

no end 

.7854 

.7854 

.8866 

.8866 

.9940 

.9940 
1.1075 
1.'->272 

.L7E.4 

.4766 

.6902 

.6;81 

.9173 

.,927 

.f:/:f.;7 

.9772 

.we 

.700 

.720 

.923 

.;95 

.#}1 

.796 

.608 

SpriIlb Return 

Spr ing Los.ded IF3D-l 
F3 D-1-2 
F3D 
:uLD-l,A;D 
t.2D-l,.A.,O 
XFLD-l 
AD-5 
F3D-1-2 
A3D 

20CO 

2000 
2&:.0 
26t{) 

2'jOO 
29~ 

332(,
;680 

r 
9 

( 
F 

r 
.. bearing f

Tail Bumper 
Ta11 7ihee1 
~ain. Gear Door ,wtch 
L:ain Gear Uoor-~. 

Ilain ~ar Door.:;: 

1.250 
1.250 
1.312 
1.343 
1.375 

.625 

.875 

.500 

.625 

.625 

4.937 
12.937 
1.750 
5.50 
5.50' 

11.125 
2fJ.25° 
4.750 
8.56? 
7.812 

1.2272 
1.2272 
1.397 
1.4180 
1.4849 

.9204 

.6258 
1.;56 
1.1114 
1.1781 

.750 

.511 

.866 

.7E4 

.747 

Interr.a1 Sprit:.l; A;D 
}2D-l 
XA2D-1,F3D 
BT2D-l. 
lPT2D-1 

3650 
3tOO 
4000 
4250 
IJ60 

iO r 
~ ; 

Yaw Damper. 
Ya... D8IIlper 

 1J~37 
1~}7 

·312 
·375 

2.50 
4.0: 

9.625 
. 12.50 

1.5462 
1.62;0 

1.5462 
1.5125 

1.00 
.931 

F)D-;
n'LiD-1 

4630 
4W> ""I 

K 
Ii 

t 
~ 
I' 
~ , 
~
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rl..BLE 5-8 

CYLINDER DATA (Cont'd) 3-39 r 
DOUGLAS (EL 5&GUh~) Pa~;e .2 t 

~~ 
Fist. Rod Retrac'\;" HeaQ - Rod Side kea AccesE Access r ~
 

I'Il1,:E Dia. Die.. Strom Length Area Area ~atio Head Rod End 1'1;;n& Loa:;'! ~
 

-S-po-i-1e-r---·----::,-.4-3-7--.-50--2-.-{;Q-5--6-.1~25--1.-t2-3---'-1-.J-~-6t-" F3D-2 f
--.8-7"'--",--	 4870 

l.:~in 3ear Door 1 ~437 .50 5.125 8.687 1.t23 1.4266 .877	 :<3:-1-2 4870~, 

U!+D-l f 
S~eed 3rake 1.500 .750 8.125 1}.250 1.767 1.3253 .750	 I.F4D-1 52;-0 
SFeed 3rake 1.500	 F3 D-1 5290LO 17.0 24.0 ":...767 .9817 .556 
:':ain:;e:,;,r Door 1.500 .t25 6.187 10.343 1.767 1.4~3 .330	 ;"'A2:J-l 52:;0 ; 

-,..~:':ain :;~_.r Door 1.331 .892	 XF~-l 5 :::::.v t'
j)'

.500 4.9tR 8.593 1. f<.415 1.t451 
;':g,in ~ear !loor 1.5tQ ••750 7.,62 7.562 1.9175 1.4745 .770	 ;...D-2 5750 
I.:ab ';e ....r Door 1.562 1.062 18.125 2~.750 1.9175 1.0309 .538	 ........-",,,; ::;750
 
l.:ain Ge~:" Latch r1.625 ·500 1.250 10.~75 2.0700 1.8740 .9°6 Ext. Spring F3~-3 0210
 
Ec~b Bay Fwd. Door 1.625 14.t25 2.0700 1.t2ti> .765 A3D 0210
.750 7.250	 ~. 
Speed Brake 1.t25	 62101.CO 20.25 27.25 2.0700 1.284 .620	 ?3D-1-2 ...1;05e Gd;;r Door L~tch 1.657 .375 3.187 8.656 . 2.2305 2.12tO .955	 F3~-1-2-3 6700 t" 
:ail ,', hee 1 1.75° 1.375 19.;75 26.625 2. 1jC'5'i .9~04 .,82	 ).3:'2D-1, AD-l-2 7210 r 
';a.il ''';hee1 1.750 26.625 2.4053 .9204 .382	 .•II·~3-4 7210 f1.375 19.375
:':ain ':;e::ir Latch 1.E?5 .B86	 1.3D f"

t. 
.t2; 1.CO 10.093 2·7tJ:JO 2.3532	 S2SO 1<';:ose Ge3.r 1.875 .875 8.250 18.0 '?.7tJJO 2.1587 .783	 XE'4L-1 0220 r 

:.il. ;':ech. Advantage Shi:'t 2.00 .5t2 2.4~7 11.00 3.1416 2.8965 .920 Finger Lock	 F3::l-1-2 9410 ~, 
l;oze Ge::.r 2.0C .6t2 ~	 ~ .9206.781 17.875 ;.1416 2.8931	 F~p·1-2 94:'0 
Speed Brake 2.00	 ·'2 .... 
~ _. ,.. 1.50 25 .125 ~ ;4.0 3.1416 1.3745 ·438	 r./IJ 94:'0 f
"a""'lI! veo.r 2.125 1.00 8.0 19.312 ,.5465 . 2.7612 .700	 XF3D-l 10630
';ai1 Skid 2.125	 t:

1 0 25 7.250 21.125 3.546S 2.3194 .653	 XF3D-1 10630 
i.:ain Landing Gear	 t,2.12) 1.375 11.375 24.750 ;.5466 2.0617 .5&1	 uT2D-1 10b31.1 
l;ose Ge:;.r 2.250 1.062 8.2;jO 15.125 ;.9761 ;.08gS .778 ';3D 11900 
L.air. Geu.r 2.250 1.0ce 8.500 15.50 3.9761 '.O{$5 .778 FL..D-1 11900 t 
l.:ain Gear 2.250	 .628 t!,:.:1.;75 12.875 19.375 3.9761 2.4912	 AD·l 119::0 
~ain Ge:::.r 2.250 1.375 12.437 21.750 '.9761 2.9912 .~6 XET2D-1 11900 f
 
1.:ain G~ar 2.250 1.;75 13.156 19.;15 ;.9761 2.4912 .628 X3T2D-l 119JO I:
 

l'AD-l-2 11900 I 
l.:ain Gear 2.25	 t1.COO 1;.156 19.50 ;.9761' 3.1907 .803	 AD-3-4 11900 ~ 
l7i:'lg Fo1li 2.;75 .875 5.750 12.687 4.4301 2.8288 .~9 IF4D-1 13300 [: 

J
Wing Flap .. ·8.~3
2.~75 1.00 6.562 11+.687 4.4301 3.t#+7	 A3D' -' 13300 t 
Side Diva Brake 2.375 1·75° 8.125 17.4;7 4.4301 2.0248 .4,6	 ~2D-l 13300 ~ 

AD-l-2 15300 

I. 
(' Ii 
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CYLINDER DATA (cont'd) B.-40 i' 

OOUGLAS (EL SEGUNDO) ..,1•...
!a~:e 3 7::1Pist. Rod Retract Hend Rod Side Area Accasa Access {':

N.allE Dia. Dis.. Stroke Len.5!.h Area Area Ratio Head Rod End FlWle Load 

Lain Gear 2.437 1.062 9.~~ 19.250 4.6664 3.7798 .810 F3 D-1-2 1330C ~:~ 
Bomb Bay Rear Door 2.500 1.000 7.250 13.656 4.9087 4.1213 _.E4l ;'3D 14730 

l
~ iLower Diva Brake 2.500 1.625 17.687 24.375 4.9087 2.8348 .576 Lock Xi:T2D-1 ~ ; 

BT2D-1 1473C ;.:: 

Lcwer Dive Is:oakB 2.500 1.625 17.781 24.375 4.9087 2.8348 .576 Lock }J) 1473C r 
~peed Brue 2.500 1.500 21.750 29.500 4.9087 3.1416 .t1JJ JA>Ck I\2.D-1 14730 l'La-in Gear 2.500 1.875 35.562 43.437 4.9087 2.1487 .438 MD Ih73C' ~" 

~Escape Chute Door 2.625 1.375 1.937 10.1~r 5.4119 3.~ .725 Single feting ;"3D.: 1623C 
t>L:ain Landing 2.te5 1.875 nJ+06 16.375 5.4119 2.65C7 .490 J.2D-1 ' 16230 
I 

Spoiler 2.625 2.00 4.00 10.437 5.4119 2.2703 •420 F3I:-3 16230 
Speed Brake 2.(Q5 1.750 18.250 26.562 6.5000, 4.0947 .630 A3D 19500 ~. 
Fin f'e1d 3.000 1.250 8.437 ' 17.062 7.0686 5.P414 .828 lBT2D-1 21200 

f",ling Fold 3.00e 1.500 14QOOO 21.7;,u 7.0686 5.3015 .751 ~.·T2D-1 2120C rWing Fold 3.25° 1-3"75 12.12; 19.250 8.2958 6.8109 .822 F3D 24850 
lilhg Fold 3.250 1.500 12.125 19.250 8.2958 6.5287 .787 F3D-1-2,A2D·'1 24850 t 
liing Fold 3.250 1.375 10.937 20.437 8.2958 6.6109 .822 IA2D-1 24850 f,,
Wing Fold 3.500 1.:625 10.937 21.750 9.6211 7.5472 .7f4 .AD 28850 r; 

I ' Wing Fold 3.625 1.5°0 10.812 20.312 10.700 8.11392 .834 F3D-3 32100 ~..Wing Fold 4.,75 1.!l2S 12J+,7 23.150 15.100 13.0,0 .Bf:4 A3D 4~300 
Ifing Fold 4.375 1.875 11.250 21.000 15.100 12.340 .818 A2D-1 45300 f 

t 
I 
t· 

~ 
r 

~.'. 
f· 

~: 
l 
~< 
}, 

r:',I,. 
r 
k 

~ 
r
F, 
E' 

i~ 

t 
~ 
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TA:112 3-10r I 

t~
E-41CYL n; lJl::R DATA F 

DOUGLAS (S!~:TA UCNICA) "r l" 

t 
hst Rod Re'tract lie_u Rod Side Area J..ccess .:.c-;ess L 

Nf.:.3 Dia Dia. Stroke len~h Area Area !t.atio nead f.od Er.d i-lane Load l'; 
Lower Caq;o :,cor 2':00 1.25 1$.5 ~.14 1.913 .DIC YKC-124£ 9~10 t 
Lair. Ge,.r 6.00 2.125 28.27 2L,.74 .674 Swivel Joints =3~CC . 't l; 
:;ose Ge..:.r 3.25 2.50 15.6 8.30 3.39 .408 2:.-;C: f : 
1:05e Ge,~r St;.~ur 4.375 1.375 15.0 13.53 .903 . L5CCC f 
Do.',n L", tch 1.000 •te3 1.CO .7e5 .480 .611 c;~,~ r 
Ja.;;. Lutch 1.000 .625 3 .~6 •7~5 • .~~9 .610 ~3~~ , J 
Center Latch .937 .562 10. 10 •&;9 .441 .t40 .:.GC? t 
l;cse Load Door 2.COO 1.25 12.5 3.11 1.913 .fJJ9 94lC r 
Ra:r.p Up La teh .500 ·312 1.375 .1963 .1203 .613 .559 r 
I;ose Load Ret. 1.500 .375 180.0 1.767 1.657 .938 530C ~ 
Fwc;. .• RBI!Ip Ext. 1.}'l5 1.250 27 ~9 . 1.474 .247 .16~5 , I ~ ~~40. ,'S It!. 
Ramp Latch Adj. 1.00 .437 3·2 .785 .~5 .600 YKC-1240· ;:: .... 55 i. 

..
 
f 
~. 

~
 

,
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::.GW 2-i.l 

2-.~ t
CYLDIDER Dt.1A f 

THE GLE:~lj L. ),tARIU (;0;.:: i,!;Y [
i' 

l'ist • Rod Retract Heu.ci ~d-Slde Area A~cess Access f,; 
KAl.:E Da. Dia. Stroke Lemr:th Area Ana Ratio Read Rod Er-d ?lar.e: L(,ac. 

Car.0FY Latch .750 .500 5.00 11.750 .41+17 ' .21.,3 .555 3-57E 1135 -- t 
r::rdro Flap L,:tch .812 .5CO 3.50 .5178 .322 .621 '1.700 ps i r;":-1-2 l1~oo r 

t· 
j:ose Gear Latch Pin .636 .496 2.50 5.375 .54e9 .354 .E45 fL;:.:-l 1645 ~ 

[ 
~ 

Hateh Snubbir'.{; .873 .1';7 6.6 14.9 .5986 .1716 .1276 F;l~-1-2 1795 
Sonobouy Door .fJ75 ·5°0 2.00 8.593 .C£l13 .405 .623 l-~-1-2 1::03 f 
Tail o\;lDlper 1.000 .5°0 16.La .785 .569 .750 Pl).: .. l 27 :::1: t.1.1.-' 

I 
1'ilol;s Seat 1.000 .500 6.25 .78; .599 .7(£ XB-51 2355 [" 

Aft (Je... r Door Lock 1.000 ·375 5.00 .7E5 .675 .6t£> i.E-51 2.355 !' 
Aileron ~uad ~top 1.000 .937 .te5 .785 .C'95 .121 ~":-1-2 2355 ~:. 

Rudder Boost 1.O~ .750 3.6.:~ 15.216 .44D .440 .498 }~-2 1:320 I:
I' 

Jet Doors 1.116 .1.08 15.0 23.4 .965 .•790 .801 rL:.:-l 2950
 
;:ose Ge:\r Doer 1.125 .75 8.94 16.21 .99Lo .5522 ·556 B-573 1160 ,~ I,
 
~enter ITing Flap 1.125 .809 12.25 20.625 -'985 .471 ..478 Fl.;:,:-l 2950 [,
 
L: .• ir: Gear Door 111125 .75 9.-14 16.21 .9940 ·5522 .556 B-51E 80C " 
Elev. Boost . 1.183 .625 . 3.437 .767 .707 1.tO Xli-51 1180 l~
 
Stabiliur 1.312 .4375 . 4.1~7 ' 10.912 . 1.202 1.202 '1.00 Bahnced B-61 1000 (
 

c 
rIJihron Boost 1.375 .685 3.062 15.600 1.106 1.106 1.00 404 1661 
~.,
•
.

Elevator Boost 1~375 .750 L.oo. 19.00 1.03 1.03 1.00 ~~-2 3090 t
t 

[Demand Ass is t. 1.436 .799 7.167 1.~ 1.188 .730 FEJ.:-5A 2440 

l!omb Bay Door 1·500 1.00 13.437 21.218 1.767 .9~ .556 2700 psi l;:i.:-1-2 4750 ICanopy 1.500 1.25 31.29 41.56 1.767 ..540 .306 E-57B 2660 {
Aft Ramp 1~5 .745 8.75 14.0 1.767 1.33 .753 40:" 5300 ' • 

I, 
~ 

I 
I 
I 
I 

. --- ---- ._--------------_._--------
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TABLE B-12 
B-43 

r 
f 
Ii 
I 
I 
t:
f 

Dive Flap 

El'3v. Boost 
Dive Bram 

Spcil6r 
liOi"8 Gear 
.;ing G1ap 

llose Gear 

Rudder 300st 

1.56 

1.563 
1.625 
1.601 

1.50} 

1.503 
1.625 

1.687 

.687 

.687 

.75 

1.122 

.68B 
1.00 
1.125 

1.375 

6.718 

6.718 
2.00 

16.187 

5.375 
8.662 

14.791 

16.688 

27.73 

14.7 

14.7 
22.919 

21..382 
24.8 

1.5303 
2.07~9 

1.~'03 
2.'0.)739 
2.2.43 

1.a:;W' 

1~911 

2.24~ .715; 

.926 

1.53°3 

1.5305 
1.2285 
1.258 

1.5303 
1.6321 

.4c.'~ 

.312 

l.OC 
.7l,7 

1.00 

1.0C.
.cU 
.5LO 

680 psi 

1720 psi 

2700 psi 

FLJl-l 

f3.i-l 

f5M ..·l 
B-57B 

XE-51 
E-57B 
P9J.-1-2.. 
IE-51 

2WJ 
lOCO 

5730 

1050 

67,0 

2870 
1400 
f<)30 

!. 
It 
[1' 

f 
&i; 
t 
~ .. 

i 
t 

I 

Tip Gear 

Landing Gear 

Wing Flap 

Nose Ge&.r 2.00 

2.00 

2.00 

2.00 

.999 

.999 

.810 

.75 

7.687 

6.72 

15.437 

18.9 

~3.562 

26.74 

14.156 

.~ .14 

3.14 

3.14 

3.1.4 

2.625 

2·355 

2.355 

2.&18 

.836 

.750 

.~8 

.7~O 

Snubber· 

Snubber _ 

Snubber 

5nuo:Jer 

404 

404 

404 

IE-51 9420 

9420 

9L20 

94.20 

t 
ii 
" f 
h 
l' 
l !~ 

~Aft Gear Burg, 
Speed Brako 
Spoiler Ail 
WinE Flap Cy1 
Spoiler Aileron 
Bo~b Door 
Hydro-Flap 
Uain Gear Down Lock 

2.00 
2.125 
2.248 
2·375 
2.250 
2.250 
2.375 
2.500 

1 
1.250 

.747 
1.250 

.75° 
1.247 
1.750 
1·315 3.atJ+ 

1.875 
20.25 
7.11 
3.90 
6.07 

15.8 

3°.25 
14.76 
18.30 
11·37 
28.2 
15.00
30·5 . 

3·14 
3.5466 
3.538 
3.2029 
3.534 
3.916 
&.439 
4.909 

2·31~ 
3.538 
3.2029 
3.534 

- 2.749 -
2.025 
3.~35 ' 

•654 
1.0e 
1.0e 
1.00 . 

• f:!)3 
.4;7 
.700 

Bnlanced 

lB··51 
B-57B 
F~Il.-1 
B-57B 
f5Il-l-2 
It~-l 
F5L!-1-2 
?B~-5A 

9120 
0400 

11920 
11300 
11910 
11910 
1}300 
73tfJ 

~ .

i 
I
I. 

t.
I, 
l' r 

Yain Gear Up10ck 2.500 .ee5 2.0~ 4.909 4.602 .938 FBIL-5A 73t;) 

Fwd. Gear 2·500 1.2!) 17.61 4.909 3.~ .150 X:S-51 14720 

!lose Gear 2.750 6.625 5.940 5.155 Fml-5A 17800 

'" 
" 
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TABL3 B-13 fCn.UlDEh DA 7A E-U-.. 
L,

The Glem L. :.1o.rtin Cor..pany ft 
Fist. Rod - Retract Head Rod Side Area Access i.cce S 5 -,

N~E !lia. Dia Stroke Lenbth Area Ar'~a. Itatio He:ld Rod Eud t' J. :,!:e Load t 
Aft Gear 2.750 1.25 13.07 5.940 .713 .793 ArE-51 17[-00' 
1.1 0. in Gear 2.750 1.250 10.73 20·63 5.4396 h.7121 .868 B-573 E7CO  ~ Bomb Door 
Bo;::b Door 
Steer 
i, os f Gem- Steer 
l:ose Steer 
Landing Gear 

3.00 
3.00 
3.25 
3.38 

, 4.25 
- 4.~75 

2.12518.312 
2.125 18.312 
1.8a 8.375 
1.06 4.95 
1.0 . l.25 
1.50 17.0 

3h.1875 
7.0~ 
7.06eb 
8.296
8.m 

14.19 
15.0 

,.539 
3·322 
5.520 
8.091 

13.315 
13·233 

.500 

.498 

.667 

.901 

.939 

.883 

F-573 
D-51 

IE-51 
uO~ 

?Li.:-5A 
3:':-51. 

21':00 
11.,00 
24850 
26900 
21250 
225CO 

;r 

t; 
~ 

-

1 

~ -

r'f: 
f
[ 
~
f 
L 

" r 
~ 

l-
V 
J' r 
r 
t•r 
f•
! 
! 
L 
l 

t: 
i 
!:
t: 

I: 
i'

[ 
i 
I 

r 



,

_. -- ---~~: "--'-r-' --.-_._ (, --,i; ,....._~ iii 
:A.2LE B-:V~ Ii 

CYLTIIDER Dl::A B-45 I~ 
~. 

GR~AN [ 
.. 

.... """'I..'::):, .. 4. nou.D_... .... i;ractw;_" lie"d' Ro~dSide J.::-OO A::cess Access 

r, 
tf 
"ii, 

'lAME Dia. Dia. Stroke Leng,-th Area Area Ratio Ruad Red End Plane Load ~ 
Canopy 
Kose l'ihee1 
Dive Brake 

1.50 
_1.687 

3.125 

25.0 
5.781 

10.625 

1.767 
2.237 
7.07 

.9~ ·556 
1.775 .602 
5.902 .770 

F9R-4"" 2ti.6 
3355 

llenO •. 
~ 

! 
"..... ~ 

," '" 

.. 
Inboard Flap 
Outboard Flap 

1.313 
1.750 

3.984 
~.937 

1.353 
2.405 

.911 
1.eo4 

.672 

.749 
Ball Lock 
Ball Leck 

2030 
3610 

! ;
! -

k 
~ 

Aileron 300st 
'Ning lock 
Seat {~djust 

J.::ain Gear 

2.875 
1.875 
1.312 
1.500 

4.937 
4.925 
4.00 
6.063 

3.,6 
2.096 
1.353 
1.767 

3.36 
1.052 

.911 

.9f2 

1-,00 
.502 
.672 
.556 

Bale.r.ced Rod Ellen Rod 

Ball Lock 

5040 
3140
2030 
2cl.t5 

[ 

l 
Inboard L.E. 
~ain Ge~r Up10ck 
Uain Gear 
Mech. Aileron Boost 
Outboard L.E. 
Arresting Hook 
Win€; Fold 
Hose 1lheel 

1.125 
1.00 
;.25 

.750 
1.125 
1.125 
4.875 
1.375 

1.554 
2.625 

10.187 
3.00 
1.093 
3.562 
7.906 
7.612 

1.994 
.785 

4.750 
.44l 
.994 

1.227 
16.66 
1~465 

15.52 
1.042 

.&:-7 
.635 

1.230 

.687 

.832 

.701 

.691 

.809 

.25S 

.691 

Ball Lock. 

. Ball I.vck 

F9F-4-5 

_' 

~500 

2230 

1495 
1178 
7120 

661 
1840 

. 
t
it 
if 
II 
It 

Ii 
t 
r 
r 
f 
t 
i 
I: 
Ii 
", 
[ 

I, 
/

l 
I 
I 
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T,\3LE E·'5 ~:
CnmD&R DATA B-46 t 

~LO~KHEED t 

\ 
; 

NAJ.;E 
Pi:lt. 
Dla. 

-Rod 
Dia. Stroke 

Retract 
Leng;th 

Jury Strut 
Nose Gear 
Spoi~er 

Main Gear Up10ck 
1iain Ge""r 
Pod Actuating 

1.ai11 Ge:4r Jury 
Bomb Door },toter 
Wing; Fla.p l.lotor 

:785 
2.375 
1.375 

.:n5 
2.875 
1.0 
1.25 ' 

.5 
1.375 

.875 

.375 
1.5 

.5 

.611 

i.O 
8.16 
4.52 
5.3 

22.37 
3.5 
.~44 

• 

ne&.d Rod-Siae----Xrea Access A~cess ~. 
Area. 

.484 
4.412 
2.75 

.6012 
6.4tP. 

.785 
1.227 

Ar9a 

.2877 
2.938 
2.11;88 

.4812 
4.702 

.5887 

.7104 

Ratio 

·593 
.6C6 
.778 
.8C! 
.727 
.750 
.579 

Head itoci E~d 

f'ZV r 7 

?:ane 

vcr-7 

10 &.:1. 

1454 
1,200 
8250 
1803 

:::'9400 
23~ 
3~ f 

~ 

! 
t
to' 
" 
~" 
t 

f, 
~ 
f

f,
f, 
[
ii 

t 
( 

~. I 
E 

f 

~"2 

I 
J 
f 
i 
i 
t 
t 
r 
I 
I 
I 

I 
I 
I 

i 
j 
I 

I 
I 

i 
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. , 
1, 
I'I}.ELE B-16CYLINDER DATA I 

B-47 iKCOOHi;t:LL ~ 

t
Pist Retract He_.d Rod Sids Area AGcess Access it 

N}J:X Dia. Stroke Lent;th Area Area Ratio Head &ort End Pla.ne I.c·ad 1; 

--- 10.00 .705 .434 .5)2 FlO1 -,;;0 i 
1.90 .37'1 .174 .4t$ 16'(0 t 
2.78 1.108 .912 ·::.25 4980 " 

r.1.88 1.108 .912. .825 4980 
) 

~.12.72 8.946 6.541 .730 4c200 ,
1).14 4.43 3.322 .750 lS900 ~ 
2.F .857 .691 .780 L.oco j,.

23 .68 7.0&1 3.522 .499 31900 f: 
9.95 2.237 1.795 •803 FI01 lC500 r 

j 
i 
i 

liin[, Fold 4 1.62 10.50 . 12.57 10·50 .836 F2.:'i-; 1:::-30 i 
Elav. Feel Damper 3.00 3.55 3·55 1.00 h5CO 

r
" t

LiJeron Ratio Change 2.50 .B5 }""2H-3 3-;;(' l: 
1..  f: 

r 
Speed Brake 2.375 1., 20.13 4.4;0 2.663 .&n F3H-l 13500 t 

I:J;ose Ge;;.r 2.25 1.5 16.26 3.976 2.209 .556 1::'91.0
 
~ain Gear Up10ck .875 .500 2.90 .~1 .405 .67; 180;
 ~ hileron - 4.17 4.180 4.180 1.00 Valve in Piston 25C86 I 

Elevator ---- 2.60 .490 .490 1.00 V81ve in Fis ton 1.475 \ 
Rudder .735 .368 .92 .422 .331 .749 990 !ension I 

Rudaer Feel 2.00 1.375 8 .44 3.141 1.651 .527 94.20 ! 
Jo;.uin Ga!:i.r 1.125 .625 5.86 .994 .685 .if)O 2~;52 

J..aix. Ge",r L)oor 2.750 1.000 7.08 5.94 5.155 .868 17800 
Tail Skid 1.250 .875 11.28 1.227 .626 .511 2900 
Flap 1.t25 .750 4.75 2.074 1.~2 .787 Q040 
Arrest Gear 12)0 9.68 4.43 3·203 .723 132502~,iing Fold. 1- .740 2.85 1.7'i!l .920 .750 3090 
Eng. Aux. Air lJoor .625 .375 1.10 ·309 .198 .64l 918 
Stab .-Hyd. Koto:' F3H-1 14750 
Slat-Hyd. liotor 260 in lb. 

,~ 

..
 
,
 ,. 
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'. - - ." '. :{ 
'i:.i:.LE 0-17 " CYLI1.t'ER DA~'A. 1'. " B-48 .-' 

NORm A1:ERICAl: l
J 
I' 

l-'ist. ' Rod Retrac+: ' Head Rod Sic.e ,!;rca Access Access ~ 
Nl~E Dia. Dia. Stroke Length Area Area Rc..tio Re..d Rod End flane ~ 0'" f ... ". f 

Aux G,D. Fairing Lock .625 .;15 1.875 .3°68 .1968 .641 FJ-2 920 
1

f 
''''I:; 1.2c.? .')202hux G.D. Fairing I.e; .0<:'... 5.187 .751 lOCO psi 1227 :, 

.i..uz Ga..r 2.00 1.000 6.212 3.14 2.355 .750 OLJ.lO U 
~ - r 

,;,17. Ge:.:.r Loc;" 1.5e(:: •500 .938 1.911 1.715 .<:17 573~ ~. 
;';['.in Gear Fairinb Up Lock •6:.5 .375 .750 .3068 .1968 .(41 '1~O • 
:':ain Gear Fai.:ing Duor 1.165 .686 6.68c 1.112 .740 .665 33~O f 
l:.ain Gear 3.00 1.250 5.220 ' 7.06& 5.84 .'027 212JC t. 
~ain Gear Up. Down Lock 1.75 .875 1.828 2.405 1.ee4 :rtf) 7210 
Tail Burn~r 1.00 .620 ' 5·500 ' ;r85 .48; .616 c555 
ArrestinG Rook 2.25 1.500 8.875 3.')76 2.21 .556 11930 
:,\AX. Gear Strut ;, 

Speed BreJee 1.5t2 ' 1.COO 11.90 1.911 1.126 .~Et 5--0 I1/' ~ 
iiir:/; Fold 2.875 1.187 7.250 6.47 5.358 .f28 19L.oo ~ 
,iiLe; Lock Fin 1.S75 l.u62 2.37~, 2.75 1.ebB .679 E.L50 I' 
Fower t.:ast~r Brake 1,250 ·375 2.,0 1.227 1.117 .911 3&"--0 r 
Gun Ba~' Pur~ Door .68B .500 2.87~ ;.72 ;·5~5 .950 FJ-2 ' 1150 !, 

I 
Rudder eyl 1.479 .997 4.499 .939 .939 1.00 Tandem XA2J-1 281C i

, 

Stabilizer 2.436 1.497 9.'136 2.932 2.9;,2 1.00 'randalL 87C{) : 
,~ 

'-Heron 1.70 1.059 3.078 1.383 1.3eS 1.CO Tandem 4160
 
01ttboard Flap 2.001 '.~7 7.470 2.:;h9 2.349 1.oe Balanced Piston L~J-l 7°50
 

':"ileron Cj'"l:::-,der 2.l44 1.122 ' 1.446 1.81 l.ol 1.(10 r-eta 5430 
StElbilizer 2.:;62 .997 ; •to? loCO 1.00 1.00 3COO
 
1:ain Gear Door 1.312 .&'1 5·;13 1.3:,5 .963 .725 5°70


7"7t:;~ain Ge~r ~plock .75 c . 1.00 .44 .,3 .750 1320. .1 

r.ain Ge:.r 1.te5 .812 5.779 2.075 1.555 .750 6220
 
J.:aiu Gear Down Lock .687 .312 1.250 ' .368 .296 .804 Seq. Poppet 110,
 
:'ux. AliE;ht Gear Down Lock .625 .375 1.500 .307 .20 .651 920
 
hux. Alight Gear 1.,62 .809 7.784 1.915 1.402 .733 57)..0

:.1,JJ.. Alight Goar ioock .872 .375 2.00 '·52 .4!
 .789 1560 
Au. Gear Door 1.;75 .687 3·375 1.49 1.118 .750 ' 4470
 
Dive Brake 1.75 1.125 9.076 2.41 1.412
 .786 F-8tH 7230 
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r r-; 
TABLE E-18 

B-49 .. CYLnDER DATA 
l>ORTHROf 

Fist. Rod Retract He!l.d -------rtod ~nd P.rea A:cess Access 
. l'Al.IE·~ Dia. Die.. Stroke LenGth Area. Area Ratio He;;.d Rod E~d F1a..'1~ LO!l.d~ 

~ain ~~r 2.626 1.25 7.21 5.43 4.203 .... r, ',15 F-89D 16300
 
~ain Gear Door 1.626 .75 4.4 i.09 1.648 -778 tf.70
 
Nose Gear = 2.126 1.5 11.52 ,.56 1.793 .:;04 lC~O
 
Rudder 1.126 .81 4.50 .1+86 .455 1.lO 31:.1a;-.ced 1.L~v_"


"r',j.1:"Elev~tor • 1.688 1.25 3.68 1.016 1.016 1.C0 :O~le:.ced ~""~.) 

';! 

."Heron -~ 1.876 1.00 3.03 1.991 1.991 1.CO Ba.lanced 5980 
~~ 

f 
Dive Brake 3.000 1.12 5.98 6.08; 6.083 loCO 3alar.ced I t23C t 

j' 

E~'bL'1e Hoist 1.876.75 10.0' 2.776 2.334 .841 5}cO ! 
\.S~a t Adjwrt .9375.62 7.2 .6896 .3fJj6 .562 5pr ing Return 20(5 

~a.in Gear Bun~e 2.001 1.00 3.93 3.14 2.355 .750 Sinble Lctin!; 5410 F 
I 
I 

Encloaure Jetis Assist. 2.126 .62 8.87' }.56 ;.258 .914 10680 l 
Radar Scope and Console .937 .62 9.91 .6616 .3876 .562 F-89D ::°65 I 

r 
I 

I
I 

I 
i 
! 

___________________________________• ........ ,,.,........ ~'I'__..~~~... k \~~~~r;
 



r' (' r
 
cnn;:;ZR DATA TP.BLE '8-19 

P.EruBL:n: B·50 

--e-~------·-""e""_-_~_----'ii-O(l""n""""':ra;---;;::re~A('.c;e.:;:;Ar:r;~-:s-------------------- 

Are &. .?.~l "tic... nor=: ... d R.(;''1 E~d Plane Lo~~ 

.402 

.589 

1.029' 
.675 

;.37 

.81+0 
5.25 

.437 
3·118 

.525 

.845 
1.163 
3·35 

.493 

.• !.Q2 
Single Actin!; F84-F 

1500 
.050 Ball Lock: a.r;,~ S""'i.en 

'Built in Cr.eck :i6'. je:,Ge 2t45 

.[~\o Single Acting 1538 
.b:J? 
.517 97(;JJ 

1178 
.919 1838 
.8E3 . 8;CO 
.557 l:'78 

1.':>0 5:;40 
.67"5 9C1 

1.0e 421...0 
1.00 

.t&4 
2205 
5340 

._~, 
.~. 

.716 F84-F l03L~ 

-

•
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1

I •. , 
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C-2 

AFPENDIX C 

VALVE VJEIGHT AND SPACE 

In this section, mnthem~tic~l expressions for creck val~o weight and
 
.'lp!\cn wore obt'tined. OthCir vl\lvea hl\ve been cunaid",roed 1\8 multiples of
 
the check val VEl wei ght 'l.nd 8p'lCe for equivll.lent. horsepower. rat1 ng.
 

The check v'llve wflitht W'lS obt'\tned by cons ider'ing, as in other sections, 
th'lt the plirt in qUflsti on consisted of an /\3sernbly of several simpler parts. 
The ends of the chock v'llve appoflr Il.S being qUi'~A flimihr in design 'lnd 
construction to Il.n "AN-8l~n union. The b~rrel p'lrt is e~3entially a section 
of tubing. The internal p'lrts like poppet 'lnd ~pring I\re also similar in 
shA.pe and weight to Hne fittin[ 3. The weicht e<jll'ltion 'l;x,carn" basically: 

• 

Where. 

Wcv check valve weight (LB) 

ViF • n tti ~ weight (LB) 

YiTUBING Tubing weight (LB) 

Ratio of theoretical fitting weight to actual fitting 
weight 

Rnt10 of theoretical tubi ng woir;ht to actual bllrrel 
weij;ht 

The fitting weight hll.s been expressed in Appendix "A" aSI 

2.QS (1O-?)03p2 
+ (C2)

36000 ... P 

A meck v~lv., Vl'lC c1isPl"sembled and weiched and from this, it WIJ.S 

estA.blished th'lt '~he fitti ng portion which consis ts of poppet, spring, and 
both fitting ends, weie;hlJ 0.31+61 l'os. For the one Mlf inch tube size, 
used for 3000 psi, and the b'lrrel \':ei(;ht which W'\S 'lctually a straight 
tube, WIJ.S found to be O.~~l' lbs. 

If th~ criteriA. that D 0.5 in. 'lnd P ~OOO psi is introduced in 
equation Cl, ViF becomes equal to 0.004~hQ lb. Acoordingly. 

Wcv 1JBARREL · ·}~t • 1';.10.004'j69 .0.00 .~ 

To obtain a value for ~, it W'lS necessary t.o find an equation for thl!' 
check valve hody weight. ~lnce the body is essentially a piece of straight 
tubing, itlS b!1sio equA.tion i81 



c-~ 

ViTUBING (c4) 

WheT,,1 

Outside b'l.rrel diflmeter (IN) 

Inside body dillmotor (IN)
 

L B~rral length (IN)
 

p • M'1terial weicht (LB/IN3)
 

It WAS observed from II. plot of ilL" versus liD II for /,lll sizer, ofCV'
check vlllvell' 

L • 2.00 DCV 

From L'une t s roh.tionship for thi ck will:!. cylinders I 

2 . 2 St - pd cv DCV ) (06)(St + P 

..	 F:-om a plot of II DC:V" va rSU8 "D". (Tubo Sit. e ~ 

The use of m'1teTial RccordinG to S~ecifi~tion MIL-S-6758, Condition F, 
W'18 assumed and 801 

p • .28} LB/IN}
 

180,000 LB/Iff
 

\Vhen equrtions CS through C9 '1TO introduced into'equ~tion C41
 

(010) 

which includes a 8'\fety f'\ctor of 5. 

~Vhen D .SOO inch nnd P • 3000 psi, then WB!RREL (by equl1tion C10) 
is equnl to o,oecl+ LB. 

Actually, IlS W'1S st"tuu. e'\rlier, th~ bllrre1 '{J'1S 0.1411 LB, Ilccording1y, 

0.141112 - 0.0804 • 1.755	 (C1l) 

When equl1tions C2, C}, C10, and· C11 !lre inserted in equliti on Cl, the. totl11 
check valve weight becomes I 

I 
•	 •002256D3p2 

}6000 + P~,	 
't 

PI i., .. y;w~ p	 (C12)1_t·· . 
.1 

I 
\ 



'

For the space rel'itionship the check vqlve was considerod to be a 
cylindrical can of an outside diameter equal to the dimension /lcross coruers 
of the koxagon ends, and of ~ lenGth equal to the chock valve lenr,th less 
the thre~ded anda. (Sin~e these ends 'ire ~350mbled in tubing during u~e). 

I3y equRtion OS the ch"ck 'V'11ve length is stated nSI 

L • 2.OQ DCV IITho relation b~tween the tubing di~me~er CD) and the dimension across 
corners (Das ) iSI 

• 1.6q 0 + .;75 (C14)DBS 

Basically. the sptlce volums is equlll tOl I
\

!eCl?) 

When equation C13 and ~14 are substituted into equation C15. the final 
result iSI 

Vs • 6.9 (0 + .222)' (C16) 

r'here I 

I' 
! Sp~ce volume (IN') 

Tubing size - (IN) 

Equat~ons 012 and C16 appear plotted in figuros Cl and C2 respectively. 

Other valveD wh1 ch wore considered lWore, -rl'lief v/llVes. servo vlllvSII, 
shuttle v'llves, solenoid valves, 'lnd disconneC'ts. (Both bulkhe'lti IIt'ltion and 
line to line connection types). The following method W"lS ocr-sidel"ed advisllble 
since '111 valves cAn be consider('·d as being cornpo3ed of fitdnl:s l\nd pressure 
oontainers. 

For vO!\l ve~ whi ch are of' the st'\nd/lrd "AN" type, such OIS relief valves, 
shuttle v/llven, An~ disconnects, weight dl'l.ta flO Hsted in "AN" st'1nciards 
\"1\8 utilized by obt!lining '1 ratio between the reapecti~e valve weight l\nd & 

check v!l.lvo o;;aight ii.t tha 8'U118 norsel'ow!'r. This r~tio W'IS tenned a "multiplier," 
and they are listed in Table C~. Space was treated simil~rly except th~t 
spRee W'lfl ~onGidered to be the volul!1E'1, or the smalleRt sized boJC which oould 
contain the valvo. 

~., 

if 
1 
I 
I 

I 

\ 



C-lj 

\ 

For the more cO'Inf-licl\ted and less conventionll.1 tn'e v~l... ell such a~ \ 
servo Rnd solenoid control vl\lvas. m,my !lctul\l VA.lvos from! curront airplanes 
w.-.r'o inve.~tir;A.tod !ind the oUtlorv'lti on:; were tnbubtcd. (See Table C2). The 
re8pectlvo weights and space volumes wore Kvernr;od A.nd thoso avernboD were 
us ad in a s Imi lar tnl'lnner 9.0 the previous type•• 

; . 

.'-'J

I
I.: 

0' 

j 

..) 
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Table 01,(;] c-6 

1 D 

nrSt + r CHECK VALVE CHECK VALVE 
p HP 

l -i St - p WEIGHT SPACE 

1 1000 2 ·313 .1699 1.0'36 
10 .lj!18 ·3°73 3·16 
so .91.i> .6708 11.05 

10e 1.219 1.0379 20.20 

·1500 2 .216 .1446 .780 
10 .4!~1 .2731 2.0:11 
50 .77} .6157 6.80 

100 1.01 .q8CX+ 12.82 

3000 2 .198 .1235 .511 
10 .313 .2463 1.056 
SO .566 .59~3 3·38

100 .728 ,9332 5.92 

4000 2 .1875 .. 1512 .475 
10 .281 '.2565 .876\. ~o .506 .6206 2.66 

100 .656 .99'72 4.67 

5000 2 .1875 .1724 .475 
10 •26l .27{l .786 
50 .47 .67 2·32 

100 .615 .9758 4.• ~ 

"500 2 .1875 ~475.22U
10 .21)1 .36 .731 
ljO .435 .8449 1.96 

100 .558 1·3815 3·28 

10000 2 .1875 .2817 .475 
10 .275 .49OQ .8159 
50 .432 1.1~95 1.8159 

100 .557 1.9145 .3·26 

II-'. 
I 
I 
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. _... ".,_.", ,~, 

.,:'Tallle C2 ~_;:;~B 
_;,:>'1 
,"""',:C·1 .. ",,~ 

&C4,~ 

a:EC~ CFz;r	 l'~ 

c'WJ}IZ V;':':S ,...,.-~ FLOi7 IhfSS VOL	 SEAC3 1.iULT ;';ULT"'" .	 ". 
GWCO. l.iGR. I'e. rnE lILE~;OlD 'flAY 1m'll J.:Ril/J;'E t'SZ Lb .... lSI 11,' POP 1£ B,3 WI ~c:: 

Bertea ~FC·b-01 S~rvo --- 404	 I.ileron 2.8 1~1, l~OO 36.9 1.51 .130 .70 C2., ~.5 52 ~7 
~IJe:""teu l:'CCu Selector Y8:; --- --- ---	 ------- 1 ~ 3~CCi 11.1 5.25 .225 .75 .4c45 14.8 

--- 3	 

., ~-

G. C. • :Nl4B-ll28D Selectcr Ye:; 4 2 ---	 ------- 2 6 - ,_ 3000 13:'.5 10.:; .2(35 1.10 i .v.::. '121 
G. C. AVl3f..-l£4 S~lector	 2 Xl--6.;-l S?oi.ler 1.5 3.5 :~ - 30CC 63·5 6.12 .<230 .:iQ 6.52 !04 

t:Q G. C. iwll.C-ll53 Jelector --- 4 3 J.H1.-1 ;';ine I:t>cr 6 34 -. 300J ,~.o ./;., .&:;0 3.90 E;, c9.8 
Bendix 548570 ~e Ie ctOI' les 4 --- --- ------- 1.9 6 ,CuO 49.5 lC.5 .285 1.10 6.67 45 
dyd-Aire 4952 Selector Yes 3 --- APo.::"l :-"u::lp 2.3 6 ;,000 67.2 10.; .235 1.10 8.07 C£) .6 

DischnrL'3 
Adel 22982 Selector YC!; 4 3 --- ------- 2.1 12 ,oeo 52.9 21 .385 1.70 5.45 3.61 
Ace 1 250,6 Sp.lector Yes ~ 2 --- ------- 1.5 1 100 24 ....0 .:;::4 

hElp 
G.	 C. Ar11u-1146 Sale ctor Yes 3 --- IP~-l Br-h.·ss 1.5 1 100 33.4 .51:4 

Stabilizer 
~endix 550630 Selector Yes 3 2 XI'~-1 S1ut-Orr 1.6 13 ;000 46.9 22.7 .Loo 1.eo 4 26.1 

Utili ty 
Hyu-h,..'Il' XS-l00loo Selector Ye3 4 --- xrti:-l Uoor --- 50 3000 1')).5 87.5 .2ffJ 5.~5 --- 20., 

Uti lity 
Rrd-io.vr ,..5-18100 iie1ector Yes 4 --- XPEi.:-!. Door --. 20 3°00 11.12.4 35.0 .510 2.t(I --- 54.8 

Bsrtea ~:FC-e-ol Servo --- --- -.- XfG.: -1 HJwofla P 3 .1 12 3°00 61.1 21.0 .385 1.70 B.05 48.1
 
nudder
 

Eartee ~.iC-6-v3 J~rvo --- --- --- XFtJ.:-1 Control 1.5 1.5 3ceo 52.9 2.6, .170 .W 5.7 54.5
 
,;eston 11920 S~rvo --- --- -.- Xi'tti..-l Stal:>ili<l3r 4.05 2h 3°00 107.0 42.0 .SC{) 2.90 6.66 36.9
 
Il(};;ton 1]930 Servo --- --- --- XI'Q.:-l Spoilar , .00 f:JJ 30eo 2L~0 105 1.0CO 0.20 3 ,8.7
 
\-ieston 11940 ;>ervo --- --- --- Al-'~-l H)Wofitl.p 2.05 24 3°00 139.1 42.0 .5t{; 2.90 ,.66- 30.7
 
'iiestcn 11750 Selector --- 4 --- ..~1'a:-1 ';dng Flap' 2 1.3 30v O 48.4 2.27 .:W .55 12.5 50.1
 
i'iaston 6440 Selector Yes 4 --- Xrt!!-l ~ n:x,r 2 20 30GO 71.6 35.0 .510 2.60 3.92 27.5
 
Bendix 551590 Selector Yes 4 --- --- ------- 3.39 16 3000 68.4 28.0 .450 2.20 1.54 40.2
 

Flaps-

j~c.e 1 21700 Sc1ect<r Yes -4 --- ~-2 !bnb Dmr 2.1 20 3000 75.6 35.0 .510 2.60 4.12 2<;.1
 
Bertell. ;"r'C-6-0, Servo - --- ---. --- ~-2 Boost 1.438 1.5 3000 32.9 2.63 .170 .cO 6.45 54.8
 
Auel 23366 Selector Yes 4 3 ~-2 Hya-onap 2.1 6 3000 75 .1~ 10.; .265 1.10 7.37 60.;
 
G. C. AVl.4B-ll22 Sa lector Yes 4	 ;.5 3ceo OS .6 6,12 .230 .80 1123 --- ------- 1.1	 7.39 
" n u. "'. Avl4B..1l24 ;)electcr Yes 4 3 ---	 ------- 1.95 6 ,OUi) 116.5 10·5 .285 1.10 6.84 106 
G. C. J.V14C-1l38 Selector Yes 4 3 ---	 ------- 1.~ 6 ,000 116.5 10-.5 .285 1.10 6.84 106 

-General Controls 
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II. Determln!\ti on or the Iloic,ht ",n1 of 1"11 tors 
\ 

The weicht or f11ter~ IV'll) tl",;I.IJll·:>d to b" Gi;;;ilFlr to t.hn wei ~ht of 
o.ccurnullltors; with different const'lnts. (S~d Appendix D) T~'if, equ'l.tion 
is of the form. 

2 ~ (20000 + P .)S8 d2p
Wt u .OOp·l d P + ~.67 d3 + -' ';;:0000 - p, k~ooo - p 

~2 ..+ .c~~ " . •007 (Air Volume) + 1.3 

In the cR.1cu1'1 t.i on of the we ic;ht of 'I. ccumulfl. tors it W'I S noted that 
for smnl1 work levtlls (figuro D-2) t;he ,veiGht 01' tho 'l.ccurnuln.tors W'lS ne'lrly 
constR.nt for all pressures. 

Therefore '1 plot '}f filter weie)\t versus horsepower W'lS lTi'lde for 
1'500 psi, ,000 p.si, Ilnd 5000 ~)S i enljure C-,}. From this it Has eviJent thll.t 
the wei~ht of tho fi~.trr:: I'm!: con::tlll1t H.t !l.l1 pros:;uros for the S'Jnlo 

horsepower level. An !lvcrf\C;o of points 1'1'15 dT!\wn rosulting in the following 
equations 

• 

The opn co of 'lctual fi 1 tor wall clI.lculated 'l.nd (.llotted. ·From this plot' 
nn equ'l.tion VI'l.S detennined for the SP'lCO of filters 'it v'lrious prossures 
'lnd horsepolV~rs. 

L l2C; x lcP' (liP)SPIl co 
System Pressure- + 7 

The 3p'lCe occupiod by filters at 2, 10, 'md 20 horMlt- ../ r MIS calcuh.ted 
fmd is presentod graphiclllly in fir;ure c-4. 

;. 
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APPENDIX 0
 

CALCULATION OF THE
 

;','EIGHT AND SP.\GE
 

c'
OF 

CYLINDRIC~ ACCUMULATORS 
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, D-2
 

-. I The 'Ne iC;h t of Accumu 1'\ tor:J 

The fin~l 0'lwttion for tho W(llCht. of 'lccl1mul'lt.";~; ]13 'lS f'ollowR; 

V"lil~ht of End C'q'~ + "('iL:bt of b'lrrt3l + .laiC,h I" of Piston 
+ CorrectIon 1'nctor for ~ulk 

;'Ie i r/1 t, of 8nd C~ [J S = 

Weir)1t of B'Irrel 

Height of I'lston 

Correction F'Ictor K 1.3 + .007 (Air Volume) 
WhtHO d Accw:lul'ltor Bore 

P SYG tom Pre 5S ur e 

It is notod thn.t tho form of tho ,!'llJuf\ticns nbovo is the sllrne liS the 
equations fc~nd in Appondix B for the clllcul'ltlon of the weIcht of vllrious 
sect.ions ,,1' tho cylind6r. Th(. Ch'lfl[';CIl havo boen 1n t.he const'l.nts to c;,:1.l'c.nu 
to tho '\ctwll vmi Chts of t.hll ~J'lindors 'lnd. in the C'1:;O of the b'\rrel. chanGos 
in mntcri'l.l I:t.rf'llr,th 'l.nJ dlHlsi ty 'l.nd the repl<;,co,:"ent of tho 5 troke in terms 
of the bore. 

As ~ bf\sis for com~~rison thr('C \'Of) rk levels were cho:1I;:: l,200.r.OO IN-LB; 
300.0fk' :'T-LB; '\Od 7S,OOO IN-LB. r'or convi~nt cr,l cull'lti on thi b value WIlS 

divided by the prosflure to obtain the 'ur volume of th~ 'iCCllrn":·ltor. (Th1S 
a:;sulTlo S -lCo;{ efficie ncy.) 

The bore 'in:! stroko rolationship \\'l.S obta.ined for the leO cubic inch 
'\ ccurnu la tor a. t ;000 ps i. Thi 11 r'l ti 0 boinb~ S t;.68

d ,/ 

A. fl.uid volume of tl@ of the Rir volume wns found to be 'lVt1r'lGCl for 
-3000 psi 'lcculTlUlntorli no the e'Jull.tion for fi nlhnc ttl •• oor", uf the I\ccwnl.ll~t':)rs 

W'lSS 
.9 x A.ir Volume 

Air Volume 
~.,-

FiVlre F-l is 'in illustrn.tion of the weicht of Il.cCI.unul'\tors versus 'dr 
volume for 3000 nnd 1500 psi accumul'ttors. Two :solid lintls represent the Il'lrage 
weichts at these prel1sure~. A dotted line represonts the cll.lcu1a~ed weight 
using the 04ulltions wi thout th~ correction flleto!" .... i th a phan tom 1l ne representing 
the correct.j on f·\ctor. The correcti on f'lct.or is the di~ference between the 
dotted line 'lnd the 3000 psi line. 



'~,~ ... '

j~ I	 
])-~ 

] " io'rnm tho fin'll e'IIl'\tion .. - P'lI~tJ r'-l" th~ Vlllit',h+.:-: of' '1cr.umlll .. t,ors 'It 

1 v'l.ricull pr~s:mre:J '\l1d work lovols w"ro c'l1cuht.~rl" Tho rOSlJlt~ Ii e pre!lented 

}	
in T'lble D-l 'UJc1 Ili~llr{l D-2. From t,hc"c Cllrve~ it is ev](l~nt ther... 15 n 
milJilnUffi woieht for, 'll1y Vlork It:, vel 'I t 1.000 pS)· It in ',Is 0 ,noted th'lt the"e 
is litt,le ""'Villi; 9.bovo .5000 psi '1:1 tho CllrVf:l ~s nn'\rJy fl'lt b~tv,,'cn .5000 'lnd.. ';000 t> 81 • 

r	 II Sp'l CB OccupIed by Gyl indn·cnl Acculflul/d.ors 

1.	 Th~ sp'lce occuplod hy '1cClIlIluhto:-s w"s cons) de:-ed to be the ,vo::'ume of
 
Ii c yl i nd er' th'1- t h t.h.-: en ve 101'0 of t h~ 9. ceur/Ill 1q t,o r ..
 

Space • If 02 x L 

\'ihoro	 o O'ltfolde Clll:rlotnr of cyJilldrlclll envelope 
L To t."l1 laneth of '1 cCllmul't. tor 

~ i nce the 8 tr oke ~/'I S cn Lr.J dcr ud 11.f. a Hill 1 t 1PIe of the bore for 'I/ci c: ht, 
the length lS conslderod '11: multiple of the outr,lde di'lI:teter. The, difference 
betw':'fll1 the bore '\nc! the outsidl!l dl'\!Ilot('r '1nd ",ho o'.'L'rqll l::lll[·th ·....... 8 'lIfO 
cOIlsjdered to bn 'I const·tnt multiple. 

The 9ctu'\1 envolope ror severfll a"cuJ:luh.tors '\t ,000 psi "In,l varicus 
v~lumen VI'IS c'\lcul~ted. ~ith the 'lssumption5 '\5 above: 

SpB. ce q.21 x d3 
d Accum~l~tor bore 

The S p'ice ocr:upied by nccurnul!ltors was determInen "nd ~s t'1.culnted in 
TnbleD-2 and i,r,;:wnted br~phiclll1y in fi eure D-3

)
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T!ll'LE	 D-2 

D-5I	 [

SP!GE	 OCCVPIED BY Ace UMlJ LA. TORS 

" 

"..
 
JI
 S?ACE .. '1.21 d 3	 [ 

I
 

PRESSURE \lORK 

'1000 ' 1,200.000 
300,000 

7S,OOO 

1'700 1,200,000 
300,000 
7S,OOO 

)000 1,200.000 
JOO,OOO 

'{S,OOO 

4000 1,~OO,OOO 

300,000 
7!j,OOO 

!jOOO 1,;?00,000 
,00,000 
7S,OOO 

7!jOO 1,200,000 
3°0,000 

71],000 

10000 1,200,OOC 
300,000 

7'5,000 

d 

6.015 
).94
2.J jQ6 

1).',.:) 
3·S0 
'?161

) 

!~. 32 
2.72 
1.718 

3.ry4 
2.1~% ' 
1.)62 

3·(,') 
2.Q02 
1. ~7 

3·32 
2,Q':) 
1.266 

2;9 
1.~28 

1.152 

d? 

21 1)'7 
6LO 
1~.;:) 

16;:' .r:, 
40.1~ 
10.15 

. 01.cl] 
20., 

S.oS 

61.0 
1~;·('?3 

3·81 

48.7!j 
12.2 
,.03 

,6.S? 
c; 1'5 
2.03 

21101~ 
6.1 
1.52,5 

SPft.CE 

2~~}IO 

561
 
]1"1 .3
 

111'.7 
374,
 

C)j.6
 

, 71~9 

1137 
}~6.B . 

Ijhl
 
l'~O. ,
 
,4.2
 

IJJ~.9 
112·3 
27.9 

336.5 ..84.3 
10.7 

224., 
56.2 
1.'~.O5 iF 

..
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APPENDIX E 

DETERMINATION OF THE ilEIGHT AND SPACE OF 

IIYORAlJLIC PUMPS AT VARIOUS PRESSURES AND IlORSEPm,ERS 

, • I 
j. ' L 
1 
I 



E-2 

Doter!TIin'\ti on of tho' 'IEliijht fln'l Space of
 

Hydrllu lie l'umps fl:; V'lriolls l-'ros~oure8" nl1d H~l'sepowers
 

It apl'or::rs loCi cal to 1l~'Sllme thli t the we:! r,ht (If tho pump is 'I. 

direct function of horsepuv,er Ilnd inoApondunt of working.pressure, on the 
bll.sis that the pump is the optimum desif;n for tr.flt iJroscure. 

Examining the cros~ cect50n drflwinGs 
66\"iA.}00 or Vick",rolS PV3Qll, it i~ evident 
of the ·pnckll.ge is 1n the Gonst!"uction of 
and the cnsinr, - most of" whi ch o;urrounds 
6r by-pass preBs:res only. 

At a given horsepower this. equipment 

of the New York Air Brake 
tint tho majority of the woight 
the mechllnical !.flrts and joints, 
t.ho dl'ljnber proBsuri zed uy inlet 

must remain Bubstar,tially the 
same. Increasing sys tem pressure Cfln be Ilccomplished by reduction .of stroke 
or bore; and. it is flSSUlTleri. the rtlduetion:in the size of the cylinders 
will be compensfltod by increflSO 1n wall thickn~us of the cylinder knd 
rressure chambers. 

Since that part of the pump affected by these v'lriations is a. 
relatively sm'lll percon~ge of the total pump weight flnd spflce. any error 
in the flbovo Ilssumpti on wi 11 bo negligable wi.thin the 'Ilnge of the study. 

Therefore. the equations for weight Rnd spflce for all pressures are based 
on them<:;:;t iuccr.tly dtHolopcd prod'.Jction pumps for ,oeo ps 1. Any advance 
in the design of pumps, such "8 high spoed development, would be of equdol 
adv~rtoge to all pre~Aures. 

In figura E-l is ~ plot uf weight· verSIJS hor3epower for some recently 
dovaloped ,000 psi pumps. Thr')u{';h the~e points aD average h· dre.wn whioh . 
reprosents the woie;ht of pumps for any horsopo'Ner at all prossures. The 
equation for this line iSI 

Wt • ,.4 + .12 (HP ) 

Figure E-2 is !l plot of the pump npllco ve.rsus hon.epowor of 30,-0 ps:1 
pumps. The line drflwn is the average of these po:ints. The equ!ltion of this 
Hne is I 

eo + 15.1 (HP) 
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AJ'J'F.NDIX 1" 

Tho 

(This 

T 
j 

s tlldy conforms to Spec ifl c:.... tion If. IL-R'-5:i20 A in avery d~ltai1) 

· 

1'011 (Jwill~ 8Y'1bol:; wo re lwed tbrOIJchDut this rosction: 

\'fa ... Totul 'Nci;:,ht u1' re:H:t'\loil' illCludiL[, fluid (LB) 

SR ~ 'rotal ext.erllul Gpaco ld,ilizod by PH"rvoir (rN.3) 

'rlltul int.orr.ul volwne or r'~Gfll'vcir (IN3 ) 

'i'o t,.I. 1 in tc:rtlU 1 vollUu", ~r rnserv()ir (GAL. ) 

MinirllllT:! "1'1.111" de,s i (;11 lovel volwno or fluid 

50 • Air volume 1n r or;or.t:dr \ Ul3 ) 

(IN.3 ) •	 E:ue;rconcy t'luid volume in reflorvo~r 

Volwne of' fluid in rc:;ervoir allowfJd for lIet depletion from 
c;"linder volw"etric chunGos (IN.3)
 

5A .. Flul·j volume £lllowcu for nccUlllulators (I1l3)
 

6 • jo'luid volu/ll& allowed for leukat:;o (IN3) .

LK 

58 .Tot:J.l oystcm fluid VOlll;.I8, il.cludinG the roscrvuir volume (Uj.3) 

Volume of fluid in the roservuir ml1de unavl1ilnble by the 
act 10n of' thu larC/Jst cuptl.clty (jllanti ty moasurirlg trpo 
hyd rUIJ 1i c fu SO. (IN3) . 

..	 Fh;id volume allowed to insuro thut FumP suction he ... d is 
ilwintllined for ull ultituuos and llcc',lerutions wi1n1rt the 
roservoir desil)' limits. Le. rluid quantity ror negative 
"Goo 10.. ds • ( 1I~3 ) 

•	 Fluid 'vohU!le I\llowed to equal tho maximum thormal· contraotion 
(Taken betwe"n the te/l.peruture limit:: 01' +700 F Md -40°F)
(:m,) 

Uc •	 Tow 1 tlork or ull the cylinder<~ in the DYStel1l (LB-IN)
 

Work or the largest Ilccwnubtar in the system (LB-IN)
UAL 

UA •	 Total work of all accumul~tors. inc 1 uuing the largc:::t, in
 
the system (LB l~)
 

- ",,-- .. _..I 

·1 

I 
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Work of' cylindtll'S ~n Lhe laq.;D:..;t futltld Uyllten. (LB IN) 

Lont:th of lin!:! uL I\l1Y OliO 11Ors0l'uwor level (IN) 

lIorsepow~r -- uElod Ull 0 work lovel mOllsure t 

(;eoll,otrical Corm \..ruction constant. iI 
I f'I'olul fluid vultlll\o of Illl opor..1tinj; cylindo.·s withirj' the
 

systom (IN~)'
 

I'l'uL:!l nir VOlWII6 i~; tim luq.;o"t; llccumulllLor (rn~) I 
I 

Totul ulr vollUHo uf all l\ccumul.~tors, illclutlinr; the laq;eot, I 

in tho lJy~Lem (IN') 

Actual fluid volwne rAquired to .complote the proc;rlUll
 
emercelley 0p'>rto. ticn. (IN;)
 

Line fluid volullIo plull rittinG fluid volu....ne (IN3) 

• Filter fluid volume (IN~) 

Valvo .fluid volwne (IN3)
 

Pump or motor f'luid volume (IN3)
 

'l'otu 1 air space volume (IN3)
 

L • (HP)·70 &3 
~l •L 

•••• + Lx.B (H~)· 70&3 

'({TANK • Weic;ht of empty reservoir (LB~ 

WFLUID· Weight of fluid (LB) r 
! ;;..

. ,
1, 

rL 
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r 
L 

Be1cwi Dr'" li:;'tod. by I'urllt.:rtlph OUl,Wftrs. ~'.hl1t. appollro ill Spocificut.ion 
1,. IL-l{-5~)20A filion I""; L:;L('ll1 :if: lfin U,cJIlut.i cl.ll Qxpre:.;s ion8. 

,.2.2 Va bl{ + 0:1 '+ lio	 (Fl) 

3.2 .3 oR be + fJA + bLK+ f>F +6e; + tiT (F2)
 

be 1.5 (b.25)Vc " .~75Vc (1<'3 )
 

~A .. VAL + .6 (vA - VAL) (F4)
 

3.2.,.c. 0LK" .05 6S (F5)
 

3.2.,.d 6F • bF 
{F6)
 

3.2".8 6b .. KIVa (17)
 

..	 Ibtio of' allowed fluid to tot~l vo] umo of re:Jorvoir and 
it ; .. depondont on th~ teor;l~trical r::onfic;urution. 

3 .2., .r 0T(70 + 40) (.000432) tiS .04756S (F8) 

,.2.4 6e" 0.16a + 0.16e (1"9) 

(FlO) 

The itOlllS included in the sy~.t6m 1s defined by: 

6S .. Va + v c + VA + VL + VFL + Vv + Vl' (Fll) 

Comblnlnt:,; tlquutioos Fl thrCJuCh lo'11 Clo\lsolvinc for, VR-

Va .. 6a + 6a + 66 

~R + (0.1 ~ + 0.1 be) + 1.25 V~ 

1.1 6R + 1.375 v~ 

I
I 
I	 .. 1.1 .315 Vc ~, VAL + .6 (VA - VAL) + .05 !is + 6F + 1.1 Kl Vn + 1.375 vEM 
I	 .. .4125 Vc + .44 VAL + .66 VA + .1072 6S + 1.16F + 1.1K1VR + 1.'7~ VEM ,,,

I	 .4125 Vc + .W~ VAL + .66 VA + .1072 VR + Vc + VA + VL + VFL + Vv + V}' 

+ 1.1 OF + 1.lX1 Va + 1.375 VEM ,i	 .. .5197 Vc + .!J4. VAL + .1672 VA +i 
I 

+ .1072 VL + VFL + VvI.
I\....
I '
; 1
" 1._ . L,. , 

.) 
.. 

1 

I 



','
 

F-5 

Finally. 
1 

(Fll) 

To ronder UliiJ ()lJuutiQn more l,,,.dily unenhlo it WUG loCi(;u11:r u:;~umod 

from dttl .... t.huts 

Vv .1 VL (F13) 

.05 VL (F14)VFL 

.. 1 C" UCl':AXOF 1.5 VCUJ.,X .:;1 (F15)- l' 

~VE14 - (Fl6)p 

V .. Uc (F17)
C l' 

VA UA. (flO)p" 
UAL

VAL .. 
p c (F19) 

furthe,r. when 1 ine volume 1.0 plotted versus pre ::;::;ure at vor ious horsepower. 
it was four.d th.t the followinG rola tion obtains I 

35.05 (HF)·70~"IIL .. 
(F20)P 

1 which o! peurs in equation Fll can bo thou{'")lt 

of us 1I multiplier deJ-6ndent 'on vulua of the Goometrical construction eonstant 
Kl • To nhLdn .vu.luo:; for Kl • lho nec;uti va lie" 10.d fllJid allowuncos for the 
utility :md surfuGo control ;;Yfltoms of tho I";ul"tin XJ~-l were divided by thftir 
ros f"':l.::t 1va totu 1 volurn" G. 

Accor d illgl)' I for the tlmk type re servoir • 

The quantity 

And.
 
1
 -,2.12 (F2l).0928 I.Ul
 

For the piston tYl~,rnservoirl
 

1t1 - 0 and so.
 

,
1 • 1.12 'I
 

. :B9mr-=-1"";lKl .~ \ !" 'r'.~ ,j •L 

t
\ 

~ , \ 

,,, 

l
I . 
I 

I
 
i
 
t 
I
 
J 
I
 

i 
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UtilizinG LM rolations :;tlOwn by oq'Jlltj onn Jo'13 thr(\ IICh F20 • 

1 ,
( -) r107 U + 1,/ U + .'(' b'7~) VAL + 1.r, U,....'•. /:IV.h')<.:U - 1.1Kl T':;> 7 C '·1·<1 A - 0/ " <A 

+ 1.375 U~ + 4.112 LL' (Ill') .7°65	 (F:::3) 

To	 oUt.nin the volume ill 11 tallk type rec;orvoir. equ.,t.ion F21 W":l utilized: 

1VR 1.102 Uc + .9)3 UA + 1.C:eO UAL + 3 ~18T UCl/ AX 

(HI-') .7065+ 2.<)15 U~ + 9·31	 (F24)~ 
For the 1'iston type I 

iT .5U2 Uc -+ .493 UA + .859 VAL + 1.60 UCU.AX 

+ 1 c.:4 U 4 9t:: LL', (li\.» .1065''; EM+ ''; ~ 

The reservoir weiGht can be expressed as. 

(F'26) 

From fir;ure Fl for t.t.nk typE' reservoirs. 

WT~K .c. 6.7 + 1.22 VRG (F21) 

Since tho fluid (MIL-O-,606) weichs .03085 La/IN} at 10°F 

WFLUID • .03085 (VR - Va) (F28) 

To obtain an expro:.sion for Va. in torms of VIi the fol10wine; two . 
definitions were ~olved simultaneously. 

VR 110"" of VFLUm 

Vn • Vi + VYl.UID 

And 80. 

(F29) 

Thereforfl equation F2B beco/llfl ~ I 

"-':'! .030B5 (VI{ - .091VR)
I 
J 

, I 

r	 

• .03085 (.909) VR 

• .0281 VR (F30) 

By do1'inition. 

I 
" . 

• 
,; ) 

:~ i 

http:U,....'�


1 

;,t~ 

J .,p,~ 
F-7 

\'l 
. \ 

~ Ins~rti nc eqlH\non;> F't!.7, F30. l41d F,l i:lt.O F261..J \ 

t W • 6.7 + 1.22 VRG + .0201 VR 
..1 • R 
'1 6.7 + .0052fi VR t .0201 VR 
f (r"32 ) 
1 WH - 6.7 + .03338 vR 

.70&3 
Lx. • (Ill') 

UT.d i:l the rl~servoi.l· \'Vo ic.ht with fluid for the tank type. 

From fir;uro Fl for tile piotvn ty,'f) ro~ervoir: 

Since no air spu-.:c round in the piston type. 

(!"34) 
V{FLU ID .. .03085 VR 

Ccmbining equutionn F26. F31. F}}, und ~'}4t 

Wa .. 6.}2 + 5.8~ + .0}085 VRVRG 

.. 6.}2 + .0255 VR + .03085 VR 

(F}5) 
W • 6.32 + .05635 Vaa 

Usinc; the expres:;ion for VR, equut.ion F251 

WR • 6~32+ ~ .0328 Uc + .02775 UA + .0483 U,AI. 

Lx. • (Hf') .7°&5 (F36) , 
+ .0945 Uc~ + .0867 UEM + .279 

und is the weight of piston t.ype re<:;ervoir with r1uid. 

From figure F2 for the tnnk type resorvoir. 
, . 

.728 
~ .. 598 VaG . 

.. ($34 '[no) 

.. (28.3 Va) ·728 

, I Usint equution F24for VR 

Sa .. p1 31.2 U + 26.4 UA + 46.1 UAL + 90 Ucw.xc (F38)+ 82.5 Um + 2~ Lx.. (HP) .70f:lj .728 

, . 

L 
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uud this is the llquution for spuco of the Lmk type rC:Jervoir. 

From fi~ure F~ for the piston typo rO:Jarvoir r 

• 300 + 2.81 Va 

U:1 ing aqua tion F25 for VR I 

SR 300 + P1 
1.636 Uc .~ 1.385 UA + 2.41 UAL 

(Fho) 

W'I,ich i:1 t.he 6C:U!lticn for :Jpucc utilizod by the l,isl-on typo repervoir • 

.. 
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APPENDIX G 

ACKNOI'ILEl)(Thffi'liTS 

In our e:fort to rnake the results of tni s study applicable to 

the entire industry, an ~ttempt was ~de to- get everyone interested 

to contributft. Excellent cooper~tion w~s obtained from this 

conta cted. 

The folluwing companies and .organizations willingly contributed 

inforlll!l. tion th'\t appeftred to be v"lull.ble in the optirmuu pressure 
T • 
1,	 study, 

-1 
1.	 Aircr"ft L'\boratory - Mechaniclll Br'lnch· 

Wrigh t Air Development Center 
• I~·.-1..	 2. Bure~u or Aeronll.utics - Airborne Equipment Section 

j 3. Boeing - Seattle 

] 4. Chl'U1ce Vought - Dallas
 

1 ~. Convair - San DiegG
 

6. Dou~las El Scbundo, Long ~each. Santa Monica 

'1. GrumllJ!l.n Bethpage
 

-.
 
8. ~cn~.~ell - St. Louis 

-.I" 

i 
I	 9. N~Tth American - Downey, Inglewood 

I	 10. Northrop - Hawthorne
 

I
 11. Republic Fllrmingda 1.
 
I 

'I ~ ".II 
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APPENDIX H 

NORTli AMERICAN AVIATION 

OPTIMUM PP.E3SURE STUDY'
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NOHTII AMERICAN I,VIA'rION 

~Ull I'rossure Stud]: 

J I 

1 Lou BArtheltlon 
1
 
j Purpose. Compare weight 01' utility system fit 3000. 5000 pai a:ld othor
 
j weights consideriI1f; "ctuntorll. linea !l.!ld £itt-in i." • . Spa.ce Buving is evident
 

ill all three.
1 
i 
i Aotuatora D Brakes
 
:J
 

1 Weights 5000 psif 2,Sl00 pa.!. 
1 

Cylinder .818j ·907 
Piston 1.803 2.083 
Cyl1r,d!tr Nut/! .212 .252 
End .740 .766

1 End Cap .001 .862 
TOTAL 4.873I"" 

j . 4.374 a 11.5% eaving 
; .500
•.' 

Ass\::ne qual1tative conclusion of 107> s.J.vint;· in (";01101"0.1 l'Wl of actuators. 

Lines' Fua fbD Burst I'l"essure • 4 pa
1. 
t 

r Pr V2f 2 V2Pressure Drop: h • AP h Pf g • d ~d2g 

r friction factor h head 10s8 
V fluid velocity Ff • fluid den/lity 
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USING CONVERSION SUCH~/B x .049 to 1/4 x .018 
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WEIGfiT COMPAHISON 3000 and 5000 

3000 PSI 5000 PSI 
ITEM WEIGHT i'l'EIGHT 

Linell 

Fi ttin~s 21 

Cylinders. 

TOTAL 125 122 

If a hAtter fittin~ were developed, considera.ble weie.ht !md t!pace 

Da~in& could be a~comp~ished. Lacking this und considering approximation 

of this analysis there is no justification of dosicning to a higher pressure. 
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