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When Government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related Government procuremsnt operation, the United States
Governmant thereby incurs no responsibility nor any obligation
whatsosver; and the fact that the Government may have formulated,
furnished, or in any way supplisd the said drawings, specifications,
or other data, is not to be regarded by implication or othsrwise
23 in any manner licensing the holder or any oth~r persen or
corporation, or conveying any rights or permission to manufacturs,
use, or sell any patented invention that may in eany way be related
thereto.

The information furnished herewith is made availabls for
study upon the understrnding that the CGovernment's proprietary
.intereats in and reliwting thereto shall not be impaired. It is
desired that the Judgs Advocats (WCJ), VWright Air Development
Center, Wright-Patterson Air Forne Base, Ohio, be promptly
notified of any apparent conflict between the Governments

proprietary interests and thoze of others.
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INTRODUCTION

The appendix contains a detnil analysis of the weipht and
space of the elements comprising an aircraft hydraulic system.
Othor information of interest to the study is also presented.

In the analysis of the elements, many assumptions have
been made for the derivation of the formulns for weight and
space. Justification of these assumptionc where necessary and
posaible is also presented.

A weight comparison between 3000 psi and 5000 psi for
a typical subcircuit has been made by North American Aviation.
A presentation of the analysis of Lou Berthelson is presented
in Appendix A.
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APFENDIX A
DETERMINATION OF THE WEIGHT AND SPACE

OF TRANSMISSION LINES

A-1
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- ) 1 Derivation of the Theeretical Formula to Determine the Plumbing Weight

The eguations whiclh consider flujd weight, tubing weight, and fitting
weight have been derived ns an appreach to express total weight roquired
to install sections of tubing in an airplane - in one egquation; consisting
of psrtinent variables such as pressure, density of fluid, density <f
fitting and tubing material, and diamester ef tubing. The resulting composite
sguation is written to show the effect of theses variables. Their derivation

will follew.

The equations ares
.

2 . . .
, " D“poa 8., - GP
i} - :
lo II— s_z.i_m . (II)

aD?51 2 GP

Wp = Wy W+ , : (1)

Lot T S, * 6P (111)
«" . Vg = z'ziagcfngfsba + 8.50 x 10-7DP +-h.a7 x 107D (1v)
i ' Yhoeres o .
’ a Wp = Combined Averuvgc.a Plumbing Weight Per Inch of Tubing (LB/In)

Wo = Average Weight of Fluid Per Inch of Tubing (Lb/In)
) : W, = Average Weight of Tubing Per Inch of Tubirg (Lb/In)

_ . Wy = Avorage Woight of Fitting Per Inch of Tubing (LB/In)
T - " D = Outside Diameter of Tubing (In) '
P =« System Working Pressure (Lb/In)
po = Fluid Density (Lb/In’) at Stundard Conditi ons
a = Density Multiplier Based on Temperature MIL-0-5606
: 'S¢g1 = Ultimate Tensile Stress (LB/IN2)

“. . pl = Tubing Material Density (Lb/In3)
: - ’ pf = Fitting Material Density (Lb/In3)
f‘ _ G = Applicable Safety Factar

W = Statistical Average Fitting Weight (Lb.)

Ky, K3, K3, Btec, = Constant Values

> ——
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When the value of W has becn calculated by the foreroin, formulsae,
a system constant is obtiined, which when multiplied by any similar system
length yields its plumbing weight.
a. Fluid Weight

The following method wus applied in the derivution of formula II, the
fluid weight formula, '

Fluid weight. in the tubing equals "its volume timms its density.'

Volume = ndL

Where s
| d = inside diameter of tubing (In)
L = tubing length (In)
Dansity ® apo
Where s
‘ @ = multiplier (Ses Ref. 1) ‘
Combinings

2 o
Wo = 247 050 per inch . : (V)

It is noted that, the.exprassion (apo) tukes into account the effects
of conpreasibility of fluid due to ar increass in pressure,

: . It is desirable that the inside diameter be convertod to outside diameter.
A conversion is possible through the use of the thick wall formulas (Ref. 2 and 3)

2 2 .
8y = GPE—_” :ﬂ o (vi)

Wnen solved for the inside diameter, the equation bscomess
2 . p2 (St -GP .

Thus Formula V becomess

| WO - ﬂDE oa s ) ‘
s el [L e Gl] (II)
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b, Tubing Weipht
Formula III, the tublinp weight formula, was derlved as follows:

Weleht of tubling equals the cross-section srea times the tublng
length times the material density.

Cross-section area = % (D%24?) (vIiI)

Combining:
v 2 .2 ’
= 0 . N
W s (D*d )plL (1x)

Aprin formula VII is utilized to simplify. Accordingly formula IX
becomes? :

- 26P 2
Wy = o (—==2f_ ) ,LD III
L =3 (stL e (121)

For one inch of tubing

c. Fitting Weight

The fitting weipht forhule, consisted of the product of cross-section
area, fitting length, fitting meterisl density, 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:

W = uN _ ' (X
o , :

. heres

v = individusl fitting weight (1b.)

N = numbef of fittings conaidered

‘L - length of tubing involved (inch)

W= BVefage.fitting weipht per inch of tubing (Lb./In.) _
A thecretical expression for individual fitting weights was first derived

on the basls of strength required for internal pressure only, and on the
assumption that it was affected by the same variables which affected a section

- of stiraipght tubing. Thus, its cross-section area becomes:

A = kK g (D% -a?)

Where K accounts for difference between tubing outside diameter-and fitting
outslde diameter. And if formula VII is introducsd to eliminate the variable

d (1.D.)s

;

N
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2 GP 2
A = Kn(""‘"n - ) D
4 Ste + GP

To obtain a hypothetical length the following relationship was utilized:

Separating load = GShear Arca x Shear Stress
2 -
% D7F = nL'D x Sgp

Solving for L':

It = DP
4 Sgf

It 19 assumed that the effective geal between the fitting and the tubing
takes place at a point of *the inner wall of the "AN" type flare attachment
vhich 19 approximately equal to the outside diameter of the tubing. In the
care of the "ER" type {itting, the seal definitely takes place at the outside
dismeter of the tube. Fore this reason the sepsrating force 1s expressed as
the internal pressure times the crogs-sectional area enclosed by the outside
diameter of the fitting.

When area, length, end density are multiplied together:

2 D3Ppr - (xI)

w; = KR
4 sz(m+l:)
NG

If the value for the defining material, MIL-S-6753, condition F, or
Sty = 180,000 psi is intrcduced, the factor of safety (G) is set at 5,

and all the constsnt quentities are called K, then formula becomes: (X1)
3,2 '
w, = KD°P (XT1)
3600 + P

And this weight ia that portion of fitting weight wh'ch 1s required to
withatand the effects of internal hydraulic pressure. This is shown more’
effectively in figure A-1 as belng 21.25% of total fitting (for 1/2" fittings
at 3000 psi only) weight, and is represented by the darker cross hatched
portion. :

It 1s poasible to arrive at a value for K, for P = 3000 psig by
assuming the diameter and getting the fitting weight from Table A-1l.

From Table A-1 it 13 seen that the statistical average fitting weight'(w)
equals 0.0251 1bs. for a 1/2 inch diameter fitting.

So:

wp = .2125 (0.0251) = 0.00531 lbs.

et

ket
. |

)
\
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and, from formula XII: ' ( . ‘ N
S .
_ (36000 4+ Plwq. _ (36000 + 3000) (0.00531) _ -
Ky = 1~3——?———-l 1 = = .0001585
1 b3 p 5)3  (3000)°

Therefore, formula XII becomess
,0001585 Dp?

{36000 + P . (xI11)

The sketch, figure A-1 was drawn for a 1/2 inch diameter fitting since
this slze and fitting group is most common. It provides & means to estimate
the percent of materiaml required to withstand internal hydraulic pressure,
and to estimate the percent of material required to withstand torqueing
preload which appears ligntly rross hatched. The remainder of the material
must lopically be bulk. Bulk meteriel can be defined as that weight which
includes unstressed material found in shoulders, wrench flats, and other
spaces resulting from the nature of the desipn of the fittings.

In an attempt to arrive at a mathematical eApression for the extra
weight, formule XIII, and actual dats, Table A-1l, were plotted together for
pressure at 3000 psig, figure A-2., It was observed that the difference
between these curves was a straight line. This permits us to write:

3 2 ,
= q0001€85D - . .
1 = ]
v 600 +F . XD | (XIv)
Where w' = actual data, Table A-1

In order to break the term K'D down into two expressions, one for the
material welght required to withstand torqueing preload, and the other for
the material weight which 1s bulk, figure A-l was reexamined. The torqueing
welght, composed of the cap and union ‘thread engapement region and the cap
shoulder region (1lightly cross-hatched) is defined as a percent of the total.

This percent of the total is dependent on the dirmeter of the fitting
and on the internal hydraulic pressure tending to separate the fitting.

The remsinder which is pure tulk, is a function of fitting diameter, D.

Accordingly ve may write:
Wi +000153D3p2 _

= KoD :
36000 + 5 - K'D = K2DP + K3D | (xIv)
. = ;QQQ_f_i___
or: W = 36000 + P 1 KzDP + K3D
Again from TableAl, D = 12 w!' = 0.0251
So for torqueing: !
w, = .27(.0251) = 0.00677 lbs.
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. ) For bulks
’. wy = 1 - (.2125 + .27) 0.0251 = 0.01295 1bs.

Since the weipht proportion 1s defined, it is possible to solve for
Ko and Kz by selting tle applicable secticns of formula XIV equal to its

respective weight. So for Kps

X, = Y2 . 000677 -,

;o *2 IF " {0.5-(3000) 0ooool52
For'K5:‘

; N3 - KBD

0.01295 . .02
o5 59

Inserting the values of K, wund K5 into formula XIVa

€
i

1 - .
) o w = §£881EB;D3P2 + 0.00000l52DP + 0.0259D (xv)

A plot of Equation XV appeurs in figure A-3 ond shows graphically what
has gone before. :

From.figu=a A-L.

t. N
. T = 0,18798
Combining formulae X, XV, and XVI, the final {formula beconess
2.08 x 10-913D° - ’ -
- Wr - gmﬁ F + 8.50 x 10 7DP + ,4.87 x 10 3D ’ . (IV)
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TARLE a-2
( a) (5 ) (Torque) c
ulk 00000L520P EIT TN
p’p2 .0001585  .00000L52DP .0255D +

= e .
Y T AT IRy R ded Janta el Lani i)

D P DP D P D2 36000°F FH000F  (Stress ) (Torque ®t.) (Bulk ")  .0258 D, TOTAL

«250 3000 750 .01%62% 9(106) 1..406(105) 3.910’" 60%(1o°) 00671 «00339 00847 .00386 .010531
1125 05278 L.7L(105 1.217(10) 00193 00509 - L0092 L0180 01673

CHRER R M SRl it

500 " 1500 .12500 " 1. 125(1 " 89 (101) .00L58 00679 .0129 01972 .02
625 : 1875 <2410 : 2 195 02' " ,:62 (1o ) «00891 , .008.’:9 .01613 .ozzé7 .gglggao
«T50 - 22% 21875 . - 9.75 (101) .01545 .01013 0164 02658 34503
1.000 % 3000 00000 " 9(1 " 2.315(108) L0367 01357 .02 03347 07617
1.250 3750 1. 953125 .759(107) " L.51 (107) L0715 L0169 032, 0l536  .12086
wewm + wo + '3
. .0001585 D772 + 00000452 DP + .029 D
~ 36000 + P) >

Meterials MIL-S-6758 Conditiom "F*
S, = 180,000 PSI

8, = 105,000 PSI

fe = w83 />

g .
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11 Determination of the neirht of Transmission Lines

The three types of ctransmission lines annlyzed arec pressure,
return and supply. The equationas evolved in section A-1 apply to
all with various assumptions as to the prossure to be used and the
lins loss to be pe-mitted. A dotailed nccount of the ecalculation
of tho weight of pressure tuing follows with the variation of
conditions for rcturn and supply lines pointed out.

Il.a. Prossure Lines

The total woight of pressure limes has been calculated for
2, 10, %50, and 100 horsepowers. The results have beeon tabulated in
Table A~3 and presentud graphically in figure A-5. From thece curws
it is apparent that the ovptimum presrur -, for preossure lines at
all horsepowers and at the corditions given, ranges between 3500
and LOOO psi.
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IT.a.1. Woight of l'ressure Tubing

The weipght of the tubing cun be culculuted rrom the following equations

2 .
W = 'E%_Q.(ﬁcgg GP) (Appendix A Section I)
[ A
Where t

Woipjnt of Tubing per Inch Tubing (Lb/In)
Out.side Diumeter of Tubing (In)

Tubing Material Density (Lb/In3)

Suft'ety Factor

Nominal System Pressure

OO0 o=
L 200 IO I A |

This equation is mguivalent to the following equation:

. W = _ER__ (0D2 - IDE)
The ID for the vurinus pressur~s and horsepowors was found by use of

figure A-6. The requiremant: for use of this churt for the flow und the
prossure drop per foot, R

The flow wus obtuined from the squation: Q - -ll&kpa_ﬂz

Wheres

Q = Flow (GH)
HP = Horsepowor : ) >
P = lominul Operaling Fressure (Lb/In%)

The averapge efficiency of the trunimission lincs wus found to be 80%,
in a survey of the industry. The averupe leagth of tubing in &« circuit
w.us found to be 52.25 feet for the MM-1, PSM-1, und B-57. The percent pressure
drop per foot thon becomess

SV I 55%25_ e L3833/ft.

With these two vulues the inside diameter can be found from figure A-6,
The interection of the flow and prossuro drop is fcund. If it is below the
transition line corresponding to the pressure used to determine the flow and
pressure drop, it is in the laminar region. 1If this is the case a line is
drown parallel to the dark lines (with tube size ma kings) to the transition
line at the pressure usod to determine flow. Jo got tho inside reading
from the scale given u line nust be dr.wn puralle) to the dotted lines to
the scale for correct readings. Correct values may be found from the
aquationss

5 . Mi23fpQ? -
& - LEdfed (TURBULENT REGION), 1 !
. , UEEIRCE F
A !

¥
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o : di = 5913.8  pR (LM INAR REGION)
Whero:
d = inside diamecter  (1In)
T £ = friction factor ,
o p = density (1b. 5602/“‘4)
Y = flow (gul/hin%
e Vv =~ wviscosity (In®/sec)
{ P = pressure drop (ib/InZ/ft)

From thease values of the insido diameter the outside diameter
can be found from the thick wallad formula,

D = -] St + GP
° | =TT

Where:
0D = outside diameter
A ID = 1instde diameter
St .= ultinate tensile sirength of matorial (105,000 psi)
G = Safety factor (5)
] & P = nominal operating pressure

The weight of the tubing can then be found bys

v - % (oD% - 1D2)

The tabulated values for the \;:oight of tubing at various pressures
and 2, 10, 50 and 100 horsepower is presented in Table A-3, The graphical
results are presented in figure A-8.° ‘

o

from rigure A-8 it is evident that tho minimum weight for tubing alone
at various horsepowors is slightly les:. than 3000 psi.

II.a,2, Weizht of Fluid in Pressure Lines

The weight of the fluid can be found from the following equationt

) ’ - n D2 st - GP

. N ‘ Wo ap X (gt - GP) (Appendix A Section I)
: Wheres

5 t ‘

| Wo « fluid weight per inch of tubing

i D « outside diameter

! 8¢ = wultimate temsile strength

a' G = gafety factor

| P = nominal operating pressure

%4 P = density .

a -

density correction for pressure (See figure 8) .°

b e e
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Or, if the insiue diamcter is used:
2

The inside dismeter is the same us the ono found in the previous
section. For this calculation the density at 80° F wus used,

Wo =

Tro tabuluted results are found in Table A-3.

The graphical results are presented in fipures A-10A and A-10B. 1t is
clear from these cw-ves thut there is u weight saving for the fluid with
any increase in presgure.

II.a.3, Fitting Weight

The weight of the fittings was calculufed from the equation:

Wt 2.98 x 1079D3FP -Tpp 0-3
Tn " 36000 +F ’8'5"1°“.’”*'87"1 2

as outlined in Appendix A Section I,

These weights are tabulated in Table A-3 of the appendix and presented
graphically in fizure A-1l,

For fittings alone tha minimum pressure occurs at 2500 psi, A line
on figure A-1l is drawn for the fitting weight for 3/16 OD tubing which is
a practical limit for fabrication cf tubing. . . .
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The weight of return lines has tecn detarmined for 2, 10, 99,
and 100 horsepowor in the smre manner as for pressure lines. For
return lines a burst prossure of onc-half that used in the nronsure
. lires is used to determine wall Lhickness (See figuro A-23). The
l pressure drop rer foot of tubinyg ig assumed to be the sumz as in
4 N the pressure lines and the [‘it-ting weipht is tho same a&s for pressure
lines and tho fitting weipht 35 the swme as for pressure lines of
4 . " corresponding outside tubo diameters.

2 g 11.b. Determination of the Woight of Return Limes

The totnl weight of the retuirna lines is tabulated in Table A-L
and presented sraphically in figure A-12. From those curves it is
oevident that there i{s a minimun weight par horsepower range from
7000 psi for 1CO horsepowsr %tu 3000 psi per 2 horsepower.

. IT.r.1. Return Lines Tubing Weight

The weight of the tubing in the return lines was calculated
from the equations:

;'I',;. pﬁ, (D2 - @)

u . ¥With the pressure drop and the flow the ssm for the retarn lines
ag the pressure lincs, the seme inside diameter can bo used. Ths
outside diametar was calculated using the thick walled formala wi th

. - burst pressure in the recturn lines one-half that of the pressure lines,
] - {st+c?
’ o=4a | 2

. - P
3 St ~ G 7

Qutside dismeter

Inside diameter

Cltimte tensile strength -
Safety factor

Sys tem Presaure

LR 200 I I |

The weight of the return lines tubing is tabulated in Tabhle A.L
and presented graphically in figure F-13.

i
 ———— e

L Lo
— e i




LA,__gl A__‘l"'
[ I 11.b.2. Return Lines Fluid Weight

A . The fluid weight in the return lines was dotermined from the

egquations .
. W . 2
: . T ap ﬁ d
. a » Density correction for pre ssure
p = Density at O psig and 80° F
1 d = Inside diameter of tube

i a is determined at one-half the system pressure.,

The values cf the fluid weight are tabulated in Table A-b
and presented graphioally in figure A-1l.

II.b.3. Return lLines Fitting veights

The weight of the fittings has been cnlculnted from the same
equation used-to find the weight of pressure lines fittin,s.

Wt . 2.98 x 1072D3p°

N . | uid 20 F + 8.5 x 1077 x OP + 4.87 x 107D

D = Outside diameter of tube ™
T P = Nominal system pressure.

The weights of tha fitiings at 2, 10, 50, and 100 hor sepowers
.- anl various pressures are tnbulated in Tablo A-ly and presented
graphically in figure A-15.
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II. C. Determinution of the seight of Supply Lines

The weight of supply lines has been det::rmined on a basis of
system horsepow. r, in the game manner as the weight of prossure and return
lines. . .

The matorial used for this calculation was 5250 aluminmum alley. A
minimum wall thickness of .035 inches and a minimum tubing outsido diameter
of one-half inch was nssumed. The pressure used was the maximum of ‘80 psia
for pump pressurization as outlined in MIL-P-774,0 with a safoty factor of five.

The flow in the supply lin-s, for the horsepower chosen, wes the swamne
as the flow in the pressure lines for the same system pressure.

Flow = Horgepownr x 171
System Pressure

The average length of tubing between the regsrvoir and the pump was
found to be 20,8 fuet. The pressure drop in the supply lines was determined
as the difference betwsen maximum and minimum pump inlet pressures. The
pressure drop psr foot of tubing was fournd as followss

Pressure Drop Per Foot = Max. Pump Inlet Press - Min. Pump inlet Press

System Pressure

AP -Q%gﬁ = 3.52 ped /%

The inside diameter wns determined from a graph similar to the one
(figure A-6) used for prossure and return lines except that the temperature
was assumed to be <20°F. The flowes and proscure drop found above are used
to find the inside diameter. ’

The weight of the supply lines fittings is the same as for proasure lines
fittings of the same tuhing outside diameters..

Tho weights of supply lines arc tabulated in Table A-3 and presented
graphically in figure A-16, The weights of the tubing, fluid, and fittings
ars plotted separately in figures A-17, A-18, and A-19.

e —— -
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FIG. A-9
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" TOTAL EIGHT OF IRESSCRE LINES A-6

i dditio i

i

s s s

i enmng

Syston Tubing Fluaid Fitting Total welght
Prassure HP 1D 0D aT(jt/in) «T(#/an)  wT(f/in) #/1n
1008 2 275 313 L0052 . 001762 .00181 .008792
10 .508 .58 .000L8 . 00617 .00327 01892
50 .00 .alb .0187 . 019 .00609 .0ll1g
100 1.160 1.219 .0521 0522 .00841 07271
15cC 2 221 .261 .00l%3 .001105 .00159 . 007105
: 10 Lol Ll .00876 .00386 .00277 .01539
50 .72 773 01745 .012,,9 .00557 . 03551
100 .90 1.010 .0309 L0212 - 00805 06015
3000 -2 158 © 4193 .0032 .000601 - .00152 < 005521
10 27 231% .00538 .00178L .0025 . 00969
50 Jig2 .666 L0176 .00581 .005l . 02885
100 632 .78 «0293 +00962 .00R09 . 0L697
Looo 2 ALT75 L1375 .G0301 . 000523 .00163 005163
10 252 .281 . 00565 .001305 .00259 . 009545
50 418 «506 01825 0023 .00572 .0282¢
100 542 556 .03065 .00711 .00879 -0l655
5000 2 4T .1875 .00304 . 000521 .00183 »005391
10 .206 .26 . 00600 .001035 .00273 - 009765
50 <372 L7 .019) 200335 .00(:26 .02902 »
100 .82 615 .03275 .00565 .0098L .oL82l
7500 2 .129 .187% .0¥16 . 000,06 . 00238 .006946
10 176 .251 .0074L3 000755 . 00343 .011615
50 +300 435 0223 .002195 .00806 «0%2555
100 .385 .558 .0367 . 00362 . 01297 +05329
10000 2 112 .1875 .00508 . 000309 .00293 -+ .008319
10 0145 275 .01087 .000667 . 00502 .015557
50 .260 h32 0267 .00162 01099 .03931
100 557 oLL7 .002735 .01865 « 066085

33k
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ﬂ A-37 :
1 TOTAL WEITFT OF RETURN LINES :
: |
System  Back Tubing  Fluid Fitting Total Wt, i
‘i Piessure  Pregs. HP  ID oD we{#/IN) ae{ft/N)  wie(f/IN)  (#/IN) ;
1000 500 2 273  .513% L0052 .00177%  .001814 008789 ;

' : 10 .508 .58 .0CaL8 ~ 00615 003264 ,018892
50 001  .O41  .01648  .C1O47 - 00A06 .0h201 |
100 1.16 1.20 L0212 03204 .00325 06149 5
1500 750 2 221 - .261  .00L33  .001l&L  .001633  .007027 ;

' 10 Lol .Hh4) .cOB76  .003855  .CO286 . 015455

50 721 .71 .01%3% .012L .005369  .031069

100 .9L0 .930 .0172%  .03105 .007702  .0L5982

3000 1500 2 .158 .18  .0032 .000558  .001523  .005281

‘ 10 .272  .312  .0052%  .CO1765  .002525°  .009520

50 L4992 . .532  .00919 .0055L4 .00L4987 .019717

100 .632 L6783  .0135%  ,0095% 007173  .030233

Looo 2000 2 1475 .1875 .00301 .000521 .001628  .005159

. 10 .232 .272  .o0L47L, .00126 - .oo2L9 .008L49

50 418 60  .008z9  ,00L16 .00h06L  .017hL1

f 100 .shz2 ,506  ,0138 .00700 .007455  .02825%5
. L i
5000 2500 2 475 .1875 .00301  .000524  .0018L41  .O05375 o
10 .206 .246  .00402  .00101 .002515  .00T5LS ;

50 .372  J200  .00854 .00330 - .005182 .017022

100 .482 .sh2 L0140 .00552 007815 .027385

7500 3750 2 LTS L1875 .00301 - .000526  .002362  .005E08

10 .176 .216 .00352 .000739 .00283,6  .007105

50 .300 .358 ,00858 @ .0022,%  ,005828  .016653

100 .385 JLh60 .01423 .0035, . 00892 +C2669
10000 5000 2 .1b7 - L1875 .00%6L  .000528  .002932  .006500 Co
10 .165 .210 .00380 .000AS  .003,07 .007856 . 3
50 260 .331 00943  .00161 .006765 .017805 ?
100 - .334 26 .01546 .00266 .010735  .028855 . ;
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TABLE A-5
A=-58
TCTAL wEIGHT OF SUPPLY LINES
Tubing Fluid Fittings Total
Pressure HP ID oD (‘]f/iné) (#/in2) (}}/111;% (f,L/in2)
1000 P L) O30 0G5 L0502 L003T5 LOI350
10 690 . 760 .00781 »0113 .00ly70 .02581
50 1.040 1,110 .0116 .0256 005l .cll82
100 1.35%0 1.L20 .01493 L0l 33 .010,2 . 06365
1500 2 30 '« 500 +00501 .00L39 .00330 .01270
10 620 690 .« 00629 .00913 .o0L83 .02025
50 «925 .925 .01035 .021 .00797 .03932
100 1,160 1.160 +01290 03195  .01089  .0557h4
3000 2 430 .500 .00501 .00/,39 .00L07 01347
10 +520 «590 .00598 00642 . 00579 .01819 .
50 «777 847 .00875 .01h32 01047 .oaasb
100 922 4992 .01031 .0202 .01,08 .0lL50
Looo 2 Ji30 500 . 00501 .00L39 . 00563 01503
10 L85 555 « 00560 .00558 +C0663 .01781
50 . 723 «793 .00817 0124 .01251 .03308
100 861 2931 « 00966 0176 +01735 04361
5000 2 130 «500 . 00501 L0039 . 00483 . 01623
10 W60 +530 . 00535 .00502 « 00571 .01791
50 690 . 760 00781 .0112 «01493 03404
10D 814 .884 «C0915 01573 « 02062 L0455
7500 2 130 <500 » 00501 “00l,39 + 01043 .01083
10 4430 .500 .00501 .00L39 .01043 .01983
50 «620 +690 «00706 «00913% .02040 ©  ,03659
109 . 737 .807 .60831 0129 .02917 .05037
10000 2 30 .500 .00501 .00L39 +01479 .02419
10 30 «500 «00501 .004L39 01479 .02L19
50 .580 650 + 00664 .00800 . .02649 .0L113
100 .690 <760 .00781 .01130 .03866 .05777

g
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- A-Lo
III. Determination of the Spncoe Dccupied by the Transmission Lincs

The total spuce occupled by the transmission lines is considered to-
be the effoctive volume of the fittings, plus the block volume of the bends
plus the volume of the tubing as illustrated in firure A-20.

/ . ’7 2 - -
Vol/In = [ 2203019 PDBP «~ 2.2 x 10°8pp + 1.28 x 107D

+ .760D% + _m_ p2 : : :

43

D = Tubing outside diameter
P = System pressure

All of thegse values are dependent on the outside diameter of the tubing;
therefore, the space occupied by the plumbing will decronse as long ns the
outside diameter of thy tubing decreases., Since the inside diameter of the
tubing decrenses with any increase in pressure, the outside diameter will
decrease until the wnll thickness of the tubing increases faster than the
inside diameter decroases,

The diameters used for space are the same as those detcrmined for weight.

Ihe space occupied by pressure, return, and supply lines is tabulated
in Tables A-6, A-7, and A-8 respectively. The space is presented graphically
in figures A-21A, A-21B, A-25, and A-29, : :

¥

For prossure lines there is no exact minimum space per horsepower, Far
two horsepower the minimum space is near 00O psi due to minimum tube size.
For ten horsepower the minimum is near 7500 psi while for 50 and 100 horsepower
no minimum is reached in the range invastigated.

For return and supply lines no minimum is reached except fnr tho se
horsepowsrs that become minimum sizes.
III. a,  Tubing Space
The space occupied by the tubing, as shown in figure A-20 is the actunl
volume of the tubing and can be calculated from the equations
Vol/In = ﬁ D
D = Outside Diameters of the Tubing

The space occupied by tubing for pressure, return and supply lines is
tabulated in Talles A=, A-7, ard A-8. The results are presented graphically
in figures A-22, A-26, and A-30,.
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III. b, Bend Space 1

The apace occupied by the bends is i1llustranted in figure A-20. !
The volume of this bleock can be cnlculated by the following equation: j

Vol/In = (R + g )2 x D x % ‘ _
R = Bend Radius to conterline of tuve (IN)

D = Outside Diamotor of tube (IN)
N = Number of 90° Bends
L = Length of Tubing (IN)

Tho minimum bend radius of presoent tubing wns found tu be 3.5 times
the outside diameter. If this valuo is substituted in tho above equation
it becomess

Vol/In = 16 D? x %

Statistical data was collected from several airplancs and it was found
that the averapge number of 90° berds per inch of tubing wae .0475. Therefors
the equation bscomest

Vol/In = .76 D3 . .

The bend space of pressure, return, and supply lines is tabulated in
Tables A-6, A-7, and A-8 respectively. The results ars presented
graphically in figures A-23A, A-23B, A-27A, A-27B, and A-31,

III, c. Fitting Space
The space Qccupiod by the fittings, as illustrated in figure A-20,
is the effective volume occupied by the fitting. . _ )
The volume of the fittings is considered in three sections:
1. The actual volume of the sleove extending beyond the nut.
2. The volume of ths cylinder thant would enclose the nut. .

3. The volume of a cylinder tha% would enclose the fitting
betweon the nuts.’
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The effoctive volume of thn fittings was found for a number of
airplenss for the 1/2 inch tubing. Vividing this colume by the length of
1/? inch tubing we obtnin the effective volume per inch of tubing --

.082 IN3/IN.

( The equation for the weipght of fittings has already been Zeveloped.
Appendix A, Suction I) :
t »

-5p3p2
We/In = 2:98 x 1075D3P

36000 + P + 8.5 x 10~TDP + 1,.87 x 107D

The weight divided by the density and multipliied by an appropriate
constant oquals the volume of the fittinga per inch of tubing. This equation
is set oqual to ths volume of fittings .for 1/2 inch tubing and 3000 psi,
found above, and the new constants evaluated.

Vv ] = - X 2. 98 x 10 ( . 7) ( 5000) -
I —— ; . 5

+ 4,87 x 103D

X
= = .02
5 0263

Solving for new constantss

Vol/In = T: 8§6303°‘ g3p2 + 2.2 x 10-8DP + 1.28 x 107D

The values for 2, 10, 50, and 100 horsepower pressure, return, and
suprly lines are tabulated in Tables A-6, A-7, A-8 and plotted in figures
J, ,A.-2e, and A-}?. .
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‘TABLE A-§
) A-49
¢
(
TOTAL SPACE CCCUPIED BY PRESSURE LINES
Tystem (Y] Tubl g Bends TFittings Total
Prossure HP (IN) (183 (1n3) (I8%) (IN9)
1000 2 L51% Nty NS L GUCULB TIO00LB
10 .5L8 .238 . 125 . 000086 . 363086
50 .al6 .702 Nann .00016 1.3L616
106 1.119 1.17 1.38 . 00022 2.5522
1500 2 261 »0%36 .0135 .0004% L0871L3%
10 .hh? -157 00()79 0000076 a'c’3)3q76
50 <773 169 . 3515 -0001,47 .820647
100 1.01 .800 .702 .000212 1.582212
3000 2 .108 .0308 » 0059 . 000040 «0367L0 - .
10 .313 077 .0233 .000067 100367
50 566 .253 .1378 .0001.;% . 390943
100 . 728 416 +293 .000212 .709212
Looo 2 .1875 .027 . 0059 »00043 .032043
10 .281 . 062 .01685 « 000062 .078912
50 «506 .201 <0954 .000149 +296549
100 656 +338 215 .000231 «552731
5000 2 .1875 +0276 <0059 .000049 .033549
10 .26 0543 .01382 .C00073 .068193
50 L7 ~1765 .0810 . 000165 «257665
100 .615 297 - L1768 .000259 L7ho=9
7500 2 »1875 276 .0059 .000063°  .033563
10 .251 .0L9S .01202 .00090 .051610
50 i35 .1L8S 20625 000212 211212
100 .558 245 132 .000311 376841
10000 2 .1875 .0276 .0059 .000087 +033587
10 275 . 059, .01573 .000132 . 075262
50 Ji32 <1475 °06iﬁ . 000289 .208089
100 557 .20 .13 .000491 «375891
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TOTAL SPACE OCCUPIED BY RE:UURN LINES
System = Back 0D Tubing Lends Fittings Total
Prossure Pross HP (IN) (INr”‘s (1n3) (IN3) (INﬁ)______

1000 500 2 .31 L0767 .02525 .cooak8 . 000698
10 .58 356 .12 . 000091 » 361091

50 941 695 .633% .000159 1.328159
100 1.20 1.13 1.313 .000217 23217

1500 750 2 .261 .0535 0135 000043 .067043
30 A .1568 L0651 +000075 221975
50 . 761 458 «335 0001l . 789140

100 .G80 754 .15 .000203 . 1.469203

3000 1500 2 .108 .0%77 .0059 0000441 026711
10 $312 076l .02303% .000066 . 099496

50 532 .222 11l 000131 326131
100 .658 261 237 .000139 .598189

L,ooo 2000 2 .1875 . .0276 .005 .0000L3 .032643
10 272 +0581 .0153 000065 073465

50 L60 <1460 07k .000131 . «2L0131

.100 .506 .2785 161 .000191 -L39691

5000 2500 2 .1875 .0276 .005 .000048 .032618
10 246 ~0L5ST7 L0113 . 000066 . 058866

50 L2o #1365 . 0563 .0000136 +192936

100 +50L2 +2305 121 .000213 +351713

7500 3750 2 .1875 0276 . 005 .000062 . 032662
10 216 - 03665 +00766 .00007L .oﬂh}&h

50 ,628 .0983 .05,85 00015, .23330h

100 60 1586 .07l .00023 .20,023
10000 5000 2 1375 L0276 .005 000077 1032677
10 .210 203146 « 00696 . 000092 041652

50 .Egl .086 . 0276 .000178 .113778

100 126 +1,25 +0586 .000282 .201382
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TOTAL SPACE OCCUPIED BY SUPPLY LINES

TAELE A-8

A-ol

System Tubing . Derds Fittings Total
Pressure HP oD (INB% (IN3) - (IN3) (1N3)
1000 2 530 $221 .1129 - .00008 232398
- 10 « 760 NICH «3337 .00012 .70782
50 1.110 $967 1.015% .00019 1.98019
100 1.420 1.52 1.04 .00027 3,56027
150C 2 - +500 +1562 095 . 00009 .29129
10 690 o37h 05 00013 62363
50 -995 «7775 «7h9 + 00021 1.52671 .
100 1.230 1.168 10013 . 00029 2.60129°
3000 2 . 500 <1962 .095 .00012 .291352
10 .555 252 L6 .00015 296
50 + 793 Jigy Li62 .00027 1,02622
100 .931 680 . 732 .00037 1.50437
Looo 2 500 <1962 005 .00015 «20135
10 .30 252 .130 .00017 .38217
100 .884 .680 613 . 00045 1.29535
5000 2 .500 .1962 .095 .00017 .29137
10 +530 +2205 2113 .00020 «3337
100 . .88L N3N .525 +0005L 1.13954
7500 2 500 .1962 .095 .00028 .291),8
10 +500 1962 ,095 00028  .29M;8
50 690 37 .250 . 00054 6215,
100 .807 <511 +396 «00077 -~ «90777
10000 2 ' 500 .1962 <095 .00029 «29159
10 +500 .1962 .095 .00039 «29159
50 650 $332 .209 .00067 54167
100 « 760 o453 «%335 .00101 . 78751

_--._._1-1
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Tna follovin,, symbnls vill be used throughout this sectirn.

HYDR-DLIC CYLINDER WEIGHT STULY

Toetal Nydraulic Cylinder Weipht (Lb)
Unibal Beuring heipht (Lb) ) |
Web Naight (Lb)

Dise Weight (Lb)

Cap‘Wbight (Lb)

Barrel.Weight (Lb)

Piston Weipht (Lb)

Rod Weight (Lb)

Gland Veight (Lb)

Rod End Weight (Lb)

Fluid Wejight (Lb)

" Barrel Inside Diumeter (In.) (Bore Diamoter)

Barrel Outside Dismeter (In)
Systom Working Precsure P.S.I.
Proof Pressure (1.5 P) (P.S.I.)
Burst Iressure (2.5 P; (PF,8,1.)
Stroke (In.)

Longitudinal Tensile Stress P.S,I,
Transverse Teﬁsile Stress l'sS.1,
Shear Stress (P.S.I.)

Material Specific Weight (Lb/In>)

3nfety Fuctor (Number)

D et et e s
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T
y Dy = Outside Diamster (In.) SubécrirtDauignutos Part, Which Will
Agree With Weipght Subscript .
) d, = Ingide Diamotoer (In.) Sutscrip* Designates Part,; Which Will
Apgree With Weight Subscript
F = Load Through Axis of cy11nd§r (Lb.)
A # Cross Section Area (In'.e)
Lp = Thread Length (In.)
L = Length (In.)
t = Thickness (In.)
De¢ = Cylinder Qutside Dia.motor .
; © (Space) . (In)
| Dp = Rod Outside Dismeter (Spice) (In.)
b 6 - Quentity Added to Stroke to Yield Cylinder Length (Space) (In)
N & = Guantity Added to Stroke To Yield Rod Length (Spuce) (In)
: 3 Peg = Critical Column Load (Lb.) ' l
. 8 = Cylinder Length (In) (Column)
) i b » Rod Extension Length at Half Strl:ka (In.)
L L = a+hb . -

By, By = }')glrmg'a Modulus For Cylinder and Rod Material, Respectively

L, I, = Moment of Irertia Cylindar and Rod, Respectively (In"‘)
31. Jo = Stiffness Factors (In.)

a . b :
—— P aea = Radlans
i

-
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It was the iject hero to obtuin the woipht equation of . euch cylinder
part in Lerms of bore diameter, system prossure, end slroke.

For purposes of calculation a cylindor of the ty;n illustruted in
figure B~l wus esswned. This cheice is besod on stutistical evidence that
thiz typs predominates all other types in curvent use im tho vircraft
industrye. San figure B-2) The cylinder wus subdivided into regular
goometric solids and named for identificetion.

First is Lhe unibnl be.ring at heud cnd., A plot, figure B-3 wecs
made of bearing weipht vorsus loud and becausa the points aprroximnted
a straight line, the following relation is trues

-5
W = 1.1 x 10™7F
But:s

2
F = E.d p

So:

W
B

n

1.297 (1079)42p (1)

Next is the webe. From cuta it is logical to assume the web weight
to bo twice the unjibaul be.ring weipght, whereupon there resultss:

Wy = 2.50L (10-5)a%p | : (171)
Next, the disc is considered. Basically its weight can be said to bes

W = % p%¢

. g P

From Lame's formula (Mark's Mechanicul Engineering Hundbook kef. 3)
it is evident: :

2 . 42 St+P")
pmom (sz':?1wr

(111)
From the equation for etress in a cireular plate under uniformly N
distributed load (Murk's Mechunical Engineering Handbook Ref., 3)
[0.6 a®P* | »
t =y (1Ila)

t
Alsos
' p = 0.1 Lb/In?
St = 50,000 Lb/In?

. e = = i e e
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Finally:

20,000 + P
55,00 ) (V)

1/2

WD - .000215 d3P ( Uo-o—:——}-;
The busic cap weirht cquation ist _ »
For area the following nothod was useds

Tensile Load = Tonsil Area x Tousile Stress

n e
4P = A x S5

n d2P*

A L3,

And for: threa lengths

Shear Load = Shear Aren x Shear Stress

%d‘!l"' -~ #DLp x 8,
- O . . * B
Lp = &P 4 m /B¢ - ¥ 1/2
. 4 5gb L bg W (vi)

K is assumed to be proportional to pressure and thread 1ength;
So ut 3000 psis ‘

L = Kig=~Lr+C | (viI)

From The Glenn L, Martin Compeny Hydraulic Design Manual it is seen
thats. ‘

c - 1 o°7h Ifs

d 1,5 In
P 3000 psi
M = 7500 psi

Alsos

S, = 37,000 psi
S,y = 50,000 psi'

Substituting in equation VI

« 1.5 (7500) WJrso,ooo - 7500
bt 5200 | Boa s qate - 0695 Ia
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Froxﬁ Equation VIIt

stk AL i a8 85 s A Pl P e bt A (i 4 M

= 17.%

X Ly +C . .063 ¢ 1.07L
LT , L)
Finally:
dgl" dP” Stt‘,
4 - (
)

RS ror: S - S PR

Ors

-7 .1/
Wo = 1.157 (2078) @312 ( %gfg%g——ﬁi ) /

l’isfox_m weight wns mosumed to bet
Wp = %detp
To obtain thickness of the plston,
plot of velues from Tho Glenn L, Martin
Figure B-4, and from it it was observed
t = ,5hd + 560
closely approximated retuel conditions.
For steuls
p = .é&} Lb/In3

Consequantlys

-~ )1/2 . 17 0)45

o plot was muda which is a
Compuny Hydraulie Design Yanual,
thats .

(1x)

W o~ & a2 (.a84a + .569) (.283)

Ors

W, = .0801 a3 + .1266 &

(x)

The bLarrel weight was considerad to bes

L ";;(D"""-d"’)np

Buts

2o o Gt

(x1)

(x11)

(VI1I) |

-y
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B-7
And:
L = S + Piston Thickness (Equation X)
L = S5 +.54d + .569 (XITI)
= O.i LB/IN3 (Als. inum) : i : (XIV)

Combining Equationa XII, XIIl, and XIV, Equation XI becomes:

— o 3 Ly o 34 ; 2 _____E-__ E
W o= Eoml a7 + (.07854 + .0Li7) d J <10,ooo _ _5P) (xv)

In order to calculate the rzd welpht it was necessary to astablis. criteria

for rod physical dimensions to obtain comparative values up to 10,000 P.S.T.
system pressure.

In order to determine the proportions of diameter and wall thicknesa of
the piston rod, reference is made to {igures B-2 which indicates an area ratio
of .75. (Thias nesns a rod dlameter equal to one half the bore diameter). The
maximum column strength of a cylinder with such proportions could be obtainad
by using a solid steel rod, and a plot was made of this case for 3000 P.S.I.
However, much preater waight efficiency is achieved without appreciable loas
of column strength by use of 8 hollow steel rod having a wall thickness
approximately one cighth of the rod diameter in larger sizes with a minimum
wall thickness of .094 inch in smaller sizes ss a msnufacturing practice

- limit. A curve representing the column limit of .C94 wall ithickness rod has

been plotted on figure B-5 up to the point where it also equals one eirhth

-the rod diameter, and beyond that point the curve for column 1limit was plotted
with a rod wall equal to one elghth of the rod diameter. It should be

observed that the nollow rod column limit is very close to ithe solid rod
column limit at the same prassure. From figure B-6, it should be noted that
the ma jority of cylinders in use today at 3000 P,.S.I. fall very close to the
column limit. This means thet to be fair in the analysis, design of cylinders
to & hipher pressure necessitates, in meny instancea, using a shorter stroke
and a correspendingly greater load in order to produce the same quantity of
work. This same optimum rod design of .094 minimum wall and &n increase in
thickness equel to cne eighth the rod diemeter has been used &t all preasures.

The graph flgure B-5 presented an excellent correlation between bore,
stroke, and pressure for each pressure renge considered. These values wera
established and inserted in the weight and space equations,

The critical column equations were calculated by the following equations: *

# uCritical Buckling Loads for Hydraulic Cylindera" by Fred Hoblit, July 1950
issue of Product Engineering magazine
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N . ) B-8
Lk, K

P - (_ah L2 -

CR KB 2 1 KyPB% +(K1 *fg)

L]
Ey I
) b
E, I
= 2 2
Kc -

s>
(]
IIK

2 [ (e [5)
(%)
[ (enlis

()

»
L)
it
(WY

- E1 I E, I
J = - = _2_°2
1 LOAD 2 = 1505

These equations take {ato account initial offset of the rod as it emerges
from the cylinders. This 1s sometimes referred to as "spring action",

It 1s evident ‘that two rcd equations sre required, one for rod wall - -
thickness of onae eighth the rcd diameter, and another for a constant wall
thickness of .094 inch. Further, the former equation then applies if the
bore diameter 1s over an inch and one half, and the latter below this value.

The basic equatlon for all cases 1is:

Vg = i"z (DR2 - ag®) 1y e : (xv1)

Assuming rod wall = 1/8 rod diameter

Or:
p=Dp - dp = Dy
2 8
From which:
8 (Dg - dg) =2 Dy
Ands

4dp =3 Dy
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!
. dg = 3/4 Dy
i And:
3
i ag? = 9/16 DR? (xvII)
{ The rod length 1s:
| Lg = 5 + Gland Iength
Gland length is shown in figure B-7 as being .929 DR + .9142 whereupon:.
: L =5 +.929 Dy + .9142
And if length equal to one quarter inch is added for this nut:
L =S +.929 DR + 1.1642 (XVIII)
e @ = .283 LB/IN? (Steel) (XIX)
‘D = &
_Dr= 3 (xx)
T ‘ .
) { Combining equations XVII, XVIII, XIX, and XX, Equation XVI becomess
- wp (.0244 + .0283) a® + .0113 a2
) : When rod wall = 1/8 (rod diameter)
: P Agsuming rod wall = ,094
R ' :
: Ors
B Dp - dg = 2 (.09%)
Then:
dR = DR - .l88
' .. And: , »
: e dR2 = (DR =~ .188)2 (xx1)
: v Combining equﬁtions YNIII, XIX, XX, and XXI, Equation XVI becomes:
!
| Wp = (.0417d - .00784) S + .01938d% - .003644d + .03946
! (xx11)
o When rod well = .09
‘Ty ’ z‘ Gland weight 1s expressed as:
' 2
oy W = JFoc® - 4®) 1P (XXIII)
oL
R
} ’ s | & - e e e ok emn o -
i /
i
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B-10

Referring to figure B-7, 1t is seen that:

D; = 1.25 Dg + .700 - (XX1V)
And: }

L = .029DR + .9142 ‘ (XXV)
Also, it 1s obvious that:

d; = Dy (XxvI)

e = 0.1 LB/IN’ (Aluminum) ‘ ' (XAVII)

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

Wg = .00265d3 + .03711d% + .0806d + .0352. (XXVII)

Rod end walght is plotted as & functlon of the loed in figure B-8, Thus
the relation below occurs: .

Wg = 1.293 (10~9) (LoAD)?
But losd ia: ' .

LOAD - = E{ a%p

- ~ Accordingly:

[—

i- W = 1.795 (107) a4 P? | (XXIII)

Fluid welght equals: » \

’ - i 52
- ) WF - z d

Or:

Wp = .0238.d°c S | (XXIV)
i_ And o(is a pressure coefficient, see figure A-9,

All the foregolng equations were checked with dats, and it was found that
some coefflcients hsd to be amended slightly. The correct equations are listed
below.

! Final weigh’ equations for hydraulic cylinder parts:
_ Unibal bearings i
- 71a=By o2
l _ ‘Wp = 1.297 (107°) 4P
Web:
W, = 1.343 (107%) a%

s
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’ Disc:
Wp = .000462 dlpd (g’};l%‘j——j 5—2‘;)
. |
vCaps o
o < v a0t Pt | BEREY
Piston:
Wp = L0248 d° + .0392 d°
Rod:
1. Rod wall = Red.0.D:
| Wp = (.02625 § + .03045)a® + .01217 d°
2. Rod vall = .09,
L Wy = (.0522d - .00985) S + .0243d° ~ .004574 = .0495
o Barrels ‘
3 E0121d3 + (.07854 5 + .041.7)6.2]( 25000 2.51,)
: Glaend: ,’
W = .0036d2 + .0436a° + .1097d = .0478
. Rod end: .
L Mg = 3.015 (107%) a4p?
Fluid:
Np = .0238  d°

" " given in figure A-9
v The final weight equation is:
Wp = W+ tUp 4 2Wg W Wp + Wyt Mg + W W

and this equation is shown plotted in figures B- 9 and 3-10

B-11
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HYDRAULIC CYLINDER SPACE STUDY

The spnce occupied Ly a hydraulic cylinder has been considered to cpnsiat
of two cylinirical aspaces, end to ani, on the same longitudinal axis. The
largor space 1s of a length equal to the distance from web end of the
hydraulic cylinder to the giand end, (see figure B-11) and with a diameter
equal to the cutside diameter of the berrel nut., The smaller cylinder has
a length equal to the distance from the gland end to the extreme rcd end when
the rod s extended to full stroke, and 3ts diameter is equal to the largest
diameter of the rod end. This arrangement provides for ports, etc.

From the forepoing it 1s evident that four dimenslions are necessary to
solve for the space {volume) requirements of a hydraulic cyliinder; namely,
large cylinder diameter, large cylinder length, smsll c¢ylinder diameter, and
small cylinder length. '

To simplify this section of the work a semi-graphical method was
utilized. This method consists of solving for general equations a\d using
plots of these equations as the criteria in succeediqg volume calculations,

As previously stated, the large cylinder diamete: is that equal to the
outermost dimension of the barrel lock nut. This ia juatified, since aspace
enclosed by this dimension 1s mos* necessary for port allowances, etc.
Referring to flgure B~-lZz it 1s seen that this dimension is:

Dy = d+2t+ A +2(1.21¢) +¢C

From The Glenn L. Martin Company Hydraulic Design Manual, data was
plctted and from this plot it was seen that: ’

£0,000 + 2.5P

= 0134 oo —aep * 1789

Also:

C = .385 for the range from .750 to 4 lnch diameter barrel

From the thi¢ck wall {(Leme') Formulas
20,000 + 2.5P
t=d(§\]°°°° 2.2 _ o

50,000 - 2.5P

And this all combines to yield:

(50,000 + 2.5P
c a ( 2.273\{ 50.060 — 2.5 ~ 1-2) * .5639 V (xxv)

A plot of which is shown in figure B-13.

D

il

The length of the large cylinder Qaa considered to be: (See figure B-14)
Lg = 1.5 +tp +5 + L '

B T L ot 7 TP P . L
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3 : » .
1.5d was considered to bs a good allowanca for the web length:

3 From Equation IIla:

b = 0.6d% (2.5P)

D S
4 4 S¢
E .
3 From Equation XXVi
E . .
' Finally:

L, = 6+ s ‘ (XXVI)
, Where:

€ = (1.9645 + .001583 P 4 + 1.1642 ©(XxvII)

o is plotted in figure

For the smaller cylinder (rod) assumpticns were made besed on data. 4
b - » quantity " £ " to be added to the stroke to yield the smull cylinder length,
3 } was considered to be equal to the bore. The small cylinder diameter was set

- *at 0.85 tinres the hore diameter. This information is plotted in figure B-1l5.
-}

R . For the total volume occupied by & hydraulic cylinder
_ vV = Izr Encz | +3 + DR:.’ (s + SEl _ (XxXVIII)

3 ’ (The values from the graphs are inserted along with known quantities)

The values for equation Were solved and are ploited (figure B-16) 1o
} - show the minimum pressurs. '

b omeg
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F A SN

TASLE B-1
B-32
CALCULATICN OF IHE WEIGHT OF HYDL.ULIC CYLIND¥RS
W - |
(WORK ) d P S TOTAL
3,000 179 - 3,000 5.5L «39808
A2 1;,000 L.,8 S&L6
Ju8 5,000 3,82 360776
423 7.500 2.85 .384,008
JL06 10,000 2.32 JL2lliso
20,000 «935 3,000 10.30 ‘1.bbh936
.840 5,000 7.22 .310100
.792 7.500 5.42 1.5L0750
757 10,000 L.yl 1.793504
100,000 2.255 1,500 16.7 © 8491810
1.747 2,500 16.7 5.6007
1-593 3,000 16.7 5.26971
538 4,000 12.5 5437050
093 5,000 11.4 5.76279
0405 7.500 X 8.6 6095838
1.325 10,00Q 7425 8.2797L
600,000 L.015 1,500 31.6 L3 .9658
3.1 2,500 51e6 31,1106
2.8, 3,000 31.6 29.65390
2.725 4,000 25.8 29.9L380
2.647 5,000 21.8 31.95175
2.52 7,500 16.2 Lio.2212
2.39 10,000 13 ., 49.1201



e

d
535
868
-840
o792
757

ROD END
CAY

2646,

27696

+30583

P

000 1
+0C0
2,000
'7.500
10,000

- oo
E

ROD

L6747
3633
«25931
23213
19176

s

°
N
(=]

ER&

BEARING END CAP

3.0 (10) 3,52 (102) .0120 0207l
39 " L .0 . 1277 02735
L.ssg ® Lo,  * 1653 03755
6.1 " 6.32 * 2616 0668
T4 ® 7.69 #3505  .0989
FLUID  TOTAL

217 . 14936

1533 1,331672

.1238  1,310100

0829  1,5L0750

0827 14797504

c

20,000 INCH LE. OF VORK -

UNIBAL CYLINDER EEAD END IOLYPOE

BARNEL
OVER
2684
2725
2960
355
L6870

TABLE B2
B-33

PISTON

036286
031122
.02911

«02583 -
023534
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THhBLE B-3
B-3L
W TOTAL
{ WORK) b 4 1 S SI'ACE
v o= poc” (84 s) + D (5 - 8)
3,000 3,000 479 5.5 10,183
: i, 0¢0 Jie2 LiL8 9,288
5,000 Jdis 3.5 9,026
7,000 423 2.85 8.74
10,000 106 2432 9.773
20,000 - 3,600 935 10,30 L3.682
4,000 868 8.L5 37495
5,000 .8L0 7.22 35,86
7,000 752 i.ua 6.40
10,000 757 Ll 1.443
160,000 1,500 2,255 16.7 257.3
3,000 1.593 16,7 162,1
4,000 1.538 13.5 147.0
5,000 . 1.5L93 1l 140.32
7,500 1,405 B.6 141,72
10,000 1.325 7.25 164.28
600,000 1,500 4.015 31.6 1,341.5
3,000 2.940 31.6 80:.8
L,,000 2.725 25.8 732.1
5,000 2.447 21.8 €90.1
7,500 2.520 16.2 720.3
10,000 2.390 124 837.1
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CYLILDEK DATA - ThBLE 34
. BOEIIG . | 535
Tist Road Retract THead Rod Enid nrea  Lccess Access ,

lRLE Dia. Dia. Stroke Length Ares Area Katio Heud hod End  rlarns oed
demb Door . 21.50 - 3,17 2.53 .830 © o S500
Spoiler 1.75 .88  32.36 2..,05 1.766 +7L6 72<C
Aileron 2.00 .75 5,10 ' 2.636 z.&6 1.00 _ .00
Flareron Fouer 2.00 .75 2.05 2.£986 .58 1.06 - £CEQ
Zlev. Fower 2.00 .75 3.L0 2.678 2..G6 1.00 6CEC
Szoiler 5.92 99 .39 394 _ 2970
IFR. ‘ - . 2.5 .£9 iy 49l - 2E70
Rudcer rower 2.00 15 3.0 . 2.698 2.68 1.00 . 80L0
dyd. Lock 75 5. 2.50 _ 1418 2455 555 - 1325
Aut. Brake 56 .58 236 132 .538 8-47B 738
Nzin Gear L.26  1.312  21.93 1.2 12.88 904 B-52 L2700
B. D:zor Front 2.2L  1.612  23.0 3.3, 1.92 - i8R : 11950
B. Door Latch - 1.5 a1 20
B. Dcor Rear . 2.255 1.620 23.0 3.99 1.92 L2 : 11950
Steerirg : 3.879 W74 10.50 11.79 10.02 850 : 35200

IFR Door 1.000 .95  6.43 79 0 i .518 - ¥
Fr. Recp. Toggles: 1.058  .7L8  2.77 .88 A .500 B-52 24,0

oY 2
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CYLINDER DATA Ti2LE B+ F%
CHANCE VOUGHT 8-30 z
Fist, Ho& Retract Head Kec Sids Aren Access Access 3
NALE Disa. Dia, Stroke  Length Area hrea Ratio Head Kod Bré Flane Locad i
, FiU=-1
ose Gear 3.25 2.5 17.657 8.296 3.387 408 1200 psi. L35
rein Gear 2,25 2.5 21.954 5.266 3,387 . 08 1200 psz  E730  {
lain Gear Locr 1.122 L3539 L.c0 9652 7896 (801 . :
liose Geur Docr )7L7 561 3.56 2.505 2,157 £97 1260 psi 305
Speed Brake 2.1e2 «3G8 16.24 3,53 2.7577 L7E0 1500 psi  &&X0 %
Alevator 2'623 1.373 5.56 3-916 3.916 1.CC 3‘320 ;SL 25 :C
Canopy 1.927  1.373 27.uk 3,14 166 531 1300 psi 1550
Inboard Slats 1457 748 12,490 1.5 1.1561 .701 Lock Lock 1200 psi  31CC B
Outboard Slats O Y 17.84 1.65 1.209 732 Lock Lock 1200 psi 1160 ¥
fiing Fold 2.50  1.165 15.29 14,909 %.615 776 2600 psi  GBCO #
Winz Einge Pin 968 L9 5.31 782 5865 750 2500 psi  11.5 F
Arrest Gear 1.74 748 9.80 2.378 1.93%9 815 Desh Fot 1050 psi  1&5C §
Gun Chaxr ge 1.0C 10.0 785
Barrier hast T 625 2.9 2.18 «307 +258 L85 78z b
Lilevator Chunge 2.38 1,75 1.25 L9 2.08 LLE 127¢¢ |
iling C. L2732 1373 3.6 - 1L.32 13.85 SE67 3000 psi LOSCO
701 g
o3 |
Rudder Yaw Rate 1.125 J6E6 1.03 A0 A1 _ 1500
Canopy - 2,00 1.375 3L 0 1.6L6 .52L - 3 Int, Locks 2C75
Lo G Lock und Track Unlock  ,500 311 1963 .120 11 1000 psi s
tiose Gear Door 1.875 1.00 2,75 1.9%5 LT Lock - LE7s
liose Ge.r . 3.25  2.50 8.20 3.39 Joes Lock Lock 4520
Arrest Gear 2.125 1,00 52 2.745 .778 Internal Dashpot -
) . 1320
Gage und Reservoir
fing Fold 3.00  1.50 7.068  5.30 750 Int. Seq. Valte . 16100 |
Outer Panel slat 1.56 1,00 1.767 98 556 Lock Y IR
Fower Control 450 1.75 15.9 13.19 L8 : 8817
Kain Gear 2.122 1,123 3.53 2.5, .720 &500
Wing Fin Pull 1,25 o2l 1.227 2921 .750C 1620
Speed Brake LS50 1375 15.9 1.3 008 - L2700
iain Gsar Door 1.25 .500 1,227 1,031 N Lo
Center Sec. Slat 1.50 <750 1.767 1.325 .750
Rocket Pack Door 1.38 625 1,96 1.189 «795 3080
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CYLINIER DATA 71
COLVAIR
rist Rod hezd Kod Side iree

N2 B Dia Dia . Area Area Hatio Flane Lozd
Rudier (300. psi) 1.126 N Non WBECL 1.00 IrY-1 LT
Elevon (3.0C psi) 2.126 1.125 2.5776 2.5778 1.6 LFY-1 7rec
Nose Geur Duor 1.00 75 765 343 .37 IF-1Ce  22=:
losg Ge.r 1,562 1,062 1.011, 1,025 .537 =730
Lain Ge.r 2.00 1.00 3.0, 2.355 27 €16
Icbosrd, Qutboard Blevon 2,250 1.062 3.97¢ 3.08, T77 119;:(?
Lovwer S:eed Braxe ' 2.25 1.00 3,576 T 3,191 502 11820
Uzrer Speed Srake 1.7% 1.c0 2..05 1.620 673 Ball Lock- ',:‘210
Rudder 1.625. .E75 2.061 1.L,% .7CS XF-1C2 €120
Elevon 2.00 1.125 2.15L8  2.1548  1.0v XF2Y-1 )
Elevon 1.681 1.C0 1..32 1.432 1.00 L300
Ergine Air Inlet Duct 1.375 75 1.L74 1,032 .701 Lizo
Rudder 1.375 875 673 £73 1.00 - eLed
Ski Actueting Fwd. 2.125 1.000 3.53 2.7L5 756 10
Ski Actuating Aft 2,65 1,129 5.2 L.LoLs £17 16180
Ski DOWXJ LOCk '&5 '375 030& - 019& '&0 920
Viater Rudder, Dive Brake 2.75 2.25 5 4Gl 3,976 668 XrFeY-l  17€00

e At b SRt
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TAZLE 3-7 2
o R 5~38 .
CYLINDER DATA *Extendec‘? Longth ,
DOUGLAS (EL SESUNDO) ‘ . Fege 1 3
Fist. Hod Retruact  Head Rod Side Lrea “lcess Accaess
NAIE Dia., Dia. Strde Length Area Aren Ratio Bead Rod End Fiene Loed
Arrest Hook Bumper L0032 2,00 7.562 J950 - .1095 558 Spring Louded 42D 5E7
hose Wneel Door Latch 25 .213 HéR L.25 .3068 +2300 «TL9 ¥FLD-1 g2Q
Yoss Gear Dwn Latch “ o625 1,375 3,147 5,937 .2068 #1963 oG 4F3D-1 G20
‘Yose Gear Roor .Lock L85 W312 50 L.25 3068 »2200 79 _ F3D G20
Arrest Hoox Centering J50 W37 1.0682 mo end Ll 334 .753 . A3D 1330
baaring : ,
Kose Gear Link Lock 675 .50 L.C 3.9 €03 «1i053 675 Ext. Spriag £33 1805
Sain Gear Bungee 675 WL37T 2,293 15.937 8013 513 .750 Ext. Spring XFiD-1 1805
Cockpit Enclosure £75  .750 23,167 31.625 6013 <1591 265 KETED-1 1EC5
Lerding Flap L7525 6,0 12,261 6013 «25L5 L0 BT20-1 1605 ,
Cockpit Enclosurs L8758 o750 25.25 32.25 6013 JA595 265 D23 1£05 4
Cockpit Bnclosure 875 2750 24,437 3h4.0 013 T.1595 . 2645 AD-2-3-4 1€C5 :
Landing Flap 12 825 E.0 12.28) 5185 2117 o108 , ABT2D-1 1255 3
Vain Gear Link Latch = 1,0 ) 1,25 17.1€7 7654 560 o749 XFLD-1 20Ce 3
Landing Flap 1.0 .25 E.O 12.25 .7854 L7686 603 1ET20-1 2050
: ' ACwle?2
Yain Gear Latch 1,00 4500 312 6.0 - 7654  JLTEL 608 Spring Loaded IF3D-1 20C0
. : F3Del=2
Landing Flap 1.0 625 6,25 10,562 7654 L7866 08 . F2D 2000 3
Vein Gear Door Latch 1,02 L5000 1,00 5.125 .8866 6902 S5 IFLD-1,A3D 2680 &
.Lending Flap 1,02 S5&  &.75 10.75 .8866 6381 2720 ‘ 12D-1,A3D 2440 ;
Nose Gesr Dwn. Latch 1,125  .312  .750 6.C 9o 9173 923 Spring Return XFLD~1 2380 ]
Ecerg. Enclosure 1,125 <875 6375 15.937 «994L0 03927 395 ) AD=5 9% =
Kose Gear 1.187 750 84250 12,667 1,1075 57 01 FiD-1-2 - 332( 3
Nose Wheel Steer 1.250 562  6.781 mo end 1.2272 9772 o796 A3D 2,680
) bsaring -
Tail Bumper 1,250 25 L.937 11.125 1.2272 .6200 750 Internal Sprivg - A3D 3660 §
Tail Wiheel , 1.250 J875 12937  20.250  1.2272 6258 511 £2D-1 3660 ;
Main Gear Docr Latch 1,312,500 1,750 L.750 1.397 1,356 866 : 1A20-1,F3D  LOBO 4
Kajin Gear Door--. 1.3&3 0&5 5.50. 805&_ 1.&1& 1.1111‘_- 0761& BT2D-1. 14250 E
Kain Gear Door:- 1.375 625 5.50 7.812  1.L849 1.1781 <747 XBT2D-1 lso ¢
Yaw Damper - ' 137 312 2,50 - G.25  1.5482 1.54&2 1.00 ‘ " F3D-3 L&30 E
Yaw Damper - 1127 379 Lo - 12.50 1.6230 1.5125 931 IFLp-1 Leéo - §

o
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TABLE 3-5 v
CYLINDER DATA (Cont'd) 3-29 » t
DOUGLAS (EL SEGUNDO) : Yege 2 £
E
Pist,. Rod - Retracyv Eezad Rod Side hArea  Access  Access :
LAE Dia. Dia. Stroke Length  Area ~ Area Ratio Head Rod End Fline Load -
Spoiler ' : 1437 50 2,65 6.125  1.623 1266 877 F3D-2 LETO .E
Kain Gear Door 1.437 50 5.125 8.687 1.623 1.1250 877 FZC-1-2 4370 {
PlDal : =
Speed 3rake 1.500 .750 8,125  12.250  1.767 1.3252 750 ' KFi:D-1 5230 i
Stesd Brake 1500 300" 17,0 2)3.0 1,767 2817 4556 - T30 2250 E
.._ain Seur Deor 1.500 J&25 6.187 10.3L3 1.767 S 1.L603 <330 : ARZ20-1 5250 £
Lain J=.r Door 1.521 500  L.Gég B8.593 1.6415 1.4451 892 : XFLD-1 528 v
~ain Gear Door 1502 | 750 74562 7.562 1.917% 1.47L5 +770 D=2 5750 N
Liain Geur Door 1.5 1,02 18,125 23.750 19175 1.0309 G538 30 5150
Yain Gear Letch 1.623 500  1.250  10.375  2.0700  1,87L0 906  Ext, Spring F30-3 6216 '
Bembt Bay Fwd. Door 1.625 750 - 7.250 1L.625 2.G700 1.2 7685 432D 210 3
Speed Brake 1625 1,00 20.25 27.25 2.0700  1.284 J620 FID-1.2 6210
Lose Gaur Door Latch 1,667 375 3,187 8.656 2.23%5 2.2 G55 F2l-1-2-3 o700 3
Tz2il hheel ' 1750 1,375 19.375 26,625 24053 .G204 382 , A2T2D-1, AD-1-2 7210
‘:ail '(:'heel : ] 1.750 1.275 19.375 26.825 2.,053 «920L 282 i RV, PN 7210 3
“ain Sesr Laten 1,870 625 1.C0 10.0y3 2.74600 2.353%2 .5886 ‘ £20 ' 8250 &
llose Gear 14875 875 §.250 18.0 2. 7600 2.1587 783 ' XFiD-1 3230
~il, ilech. Advantage Shit 2,00 562 2.437 11.C0 3.141% 2.8966 +920  Finger Lock F32-1-2 GL10 3
Loze Geur 2.CC L2 6,781 17.875 3.1416  2.8931 920 F3D-1-2 . 9Lio 3
Specd Brake 2.00 150 25,125. 3.0 S 3.1416 1,375 o428 FID SiLo :
wain Gear - 2.12% 1,00 8.0 15.312 3.50656 2.76l12 - 780 AF3Da1 10630
“ail Skid ‘ 2.12% 4 25 7.250  21.125  3.54L8%  2.3194 653 AF3D-1 : 10630 1
Kain Landing Gear 2.15 1,375 11.375  2L.750  3.5L66  2.0617 561 XET2D-1 10630 :
Lose Geur : ‘ 2.250 1,08  8.250 15,125  3.9761  3.0895 778 A3D _ 11500 [
Lain Gear . 2,350 1,02 8,500  15.50 3.9761  3.0855 778 : - FLD-1 11900 &
Lain Gear 20250 1,375 12,875 19375 3.9761 2.9 .628 . AD-1 | 11900 &
Kain Gear 2,250 1,275 12,437 21.750 3.076L . 2.9912 &6 5TED-1 11320 f-
Lain Geer 2.250 1,375 12,156 19.375  3.9761  2..912 26 X372D-1 150 |
. _ _ AD-1-2 11900 1
’...‘.'L.nn Gear o 2.25 1.000 13,156 19,50 39761 %F,1907 803 ‘ AD-3- 11900 ¢
wing Fold L 2375 .875  5.750 12,687  L.4301  2.8288 629 IFip-1 133¢0 ¢
Wing Flap © 2379 1,00 6,562 14687  L.l301  3.4Mh7 .83 A3D - 13200 §
Side Dive Brake - . . 2375 31,750 8.125 17.37  L.L301 2,0248 L56 - : XBT2D-} 13300
. " . o ) : . o AD-1-2 1330}
. I'4
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. TABLE B9
CYLINDER DATA (cont'd) B-L0
DOUGLAS (BL SEGUNDO)
, Fage 3
Pist, Rod Retract Head Rod 51de Area  Accass  Access

NALB Dia, Dia. Stroke length  Area Area  Retio  Head Rond End Flene Loed
. kain Gear 2.037 1.02  9.34% 19.250  L.654, 3.7798 810 F3D-1=2 1330C
Bomb Pay Rear Door 2.500 1,000 7.250 13.656  L.9067 L.1213  .g8a A3D 14730

Lower Dive Brake 2,500  1.625 17.687 2L.375  L.9087 2.8348 576  Lock XET2D-1
372D-1 1475¢
Lewer Dive Brake 2,500 1.65 17.781 24.375  L.9087 2.83L8 576 Lock AD- iL73¢C
Speed Breke 2.500  1.500 21.750 29,500  L.9087 3.6 L0 Lock A2D-1 173
Lgin Gear 2.500 1.875 35.562 L3437 L.9087 2.1487 .38 £3D 1L73C
Escape Chute Door 2.625 1,375  1.937 10,187 5.4119 3.9 75  Single icting 3D-1 1623¢
¥ain Landing 2.625 1.875 11.406 16,375 5.4119 2.65C7  Wl9o A2D-1- . 16236
Spoiler 2.625 2,00 L.00  10.437  5.4119 2.2703 L20 F2L-3 16230
Spoed Brake 2.625 1,750 18,250 26,562  6.5000-  L.o9L7 620 A3D 19500
Fin Fold 3.000 1,250  B.L37 - 17.02  7,0686 S.8l &8 X8T2D-1 21200
Wing Fold 2,000 1,500 14,000 21.75u  7.0685 5.3015  .751 .-T2D-1 2120¢
Wing Fold 2,250 1.375  12.125 19,250  8.2958 6.8109 822 F3D : ‘ 2L.850
Wihg Fold 3,250 1.500 12,125 19.250  8.2358 6.5287  .787 F30-1-2,A20-1 24850
Wing Fold 3.250 . 1375 10.937 20.L37  8.2958 6.8109 .82 Xi2D-1 24850
Wing Fold 3,500 1ld 10.937 21.790  9.&11 7.5472 .78, )\ I 28850
Wing Fold 3,625 1,500 10,812 20,312 10,700 8939 834 F3D-3 32100
Wirg Fold L3375 1.5 124,37 23.750 15,100 13,030 . A3D £200
ding Fold L3375  1.875 11,250 21,000 15,100 12,340 .818 A2D-1 L5300

3
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_ TA5LE 3-1G (

CYLINDER DATA : - Beal

DOUGLAS (SALTA NCNICA)

rist Rod Retract He.d Rod Side Lrea Lccess Lccess - )

K3 Dia Dia. Stroke length Area ~ Area Retio Eead fod Erd Flane Load _
Lowor Carge woor  2.00 1.25 15.5 . 7.1, 1.013 Y YRC-1ZLB SL10 4
i.ain Gear 6.00 2.1c% 28.2 2L.7L E7h Swivel dJoints 23504 vk
“ose Ge.r 3.25 2.50 15.6 8.30 3.39. 08 . V 21300 £
liose Geur Stear L.375 1.37% _ 15.C 13,53 503 L50C0 3
Dovn Latch - 1,000 623 1.0 - J7E5 Lso  ,61] cxE3s ,
Jaz Latch 1.000 25 346 , JES . a9 .610 _ _ 2355 Y
Center Lotch 937 562 10.70 LBEG 441 &40 06 '
i.cse Load Door 2.C00 1.25 i2.5 3.1 1.913% 05 SL1C
Raxp Up Lateh 500 312 1.375 : JAg6% 41203 613 _ 5ES ‘
iiose Load Ret. 1.500 375 1€0.0 1.767 1,67 938 ' : 530C
Fwc. Ramp Ext. 1375 1250 279 1474 IS N7 | Llo.
Ranp Lateh Adj. 1.0 Li37 3.2 .785 635 806 YEC-1205 . 2355 = B
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TABLE 2e1)
2.
CYLINDER DATA
THE GLENK Lo MARTIN CCLIANY
: Fist. Hod Retract deud ‘Rod Side Area Acicess Access
NALE Dia . Dia. Stroke  Length Area Ar>a Ratio Head Rod Bnd Flsre Load -
C&I".OF:{' Latch .750 0500 5-00 11 u750 -U417 ' '21‘53 '555 . 3“5’.5 1135
Zydro Flap Latch 812 .5C0 3.50 5176 322 £21 270C psi FRi-1-2 100
lose Gear Latch Pin ;836 96 2.50 5.375 SLEg  W35L A5 Fla~1 143
Fatch Snubbing 873 o737 6.6 1L.9 5986 1716 .1278 FRele2 1795
Senobouy Door 875 500 2,00  8.593. 8013 .L0os £23 FGiele2 1303
Taii Bumper 1.000 .500 16.12 <765 569 750 Flh-1 2355
Filots Seat 1,000 500 6,25 o785 599 a6 XB-51 2355
Aft Gear Door Lock 1,000 375 £.C0 «7€5 675 «&60 235-51 2355
Aileron Kuad Stop 1,000 +937 625 «785 095 121 l-le2 2355
Rudder Boost 1.063 «750 3,685 15.218 Lo LLo .Lgs e-2 132C
Jet Doors 1,116 .98 15,0 3.4 +9E5 " 750 .801 -1 2350
- i‘ose Gear Docr 1,125 75 8,94 16.21 9940 5522 1 .556 B-573 1180
.Center Wing Flap 1.125 609 12,25 20,825 2585 © W471 478 PU-I-jl 2550 '
Eain Gear Door 125 .75 9,14 16.21 95L0 5522 556 B-57B BOG
Elev. Boost - - . 1.183 .&5 . 3.L37 ) o 0787 .787 1.CO m"sl 1180
Stabilizer 1 |312 nh375 b h.bz7 o 10 0912 . 1,202 1,202 1.C0 Balanced B.£1 1800
fAlaron Boost 1375 685 3,062  15.608 1,106 1. o6  1.00 Lok 1661
Elevator Boost 1375 W50 L.000 19,00 1,03 1.03 - 1,00 FR-2 3060
Demand Assist, 1438 799 7.187 1.629 1.188 730 TEy-ch 2o
" Romb Bay Door 1.500 1.00 13.437 21.218 1.767 .92 556 2700 psi Ri-1-2 L4750
Cancpy 1,500 1.25 31.29 .56 1.767 .5L0 306 B-57B 2860
Aft Remp 1.5 L5 8.75 4.0 1.767 1.33 753 Loy 5300 .

AR T T R 1

A s Savid o




i Lo

" il . &
TABLE B-12
B-L3
(i - .
Rudder 3cost 1,563 687 6,718 4.7 1.530% 1,5303 1.0¢ 680 psi k-l 1050
Blev, Boost 1503 «657 6,718 .7 1.5303 1,5303 1.0 1720 psi PRl 260
Dive Brake 1.625 .75 2.00 22,919 2.0739 . | 1.6221 LU ‘ B-578 10¢0
Nose Gear 1.56 1122 16187 27.75 S1om 526 LiE Fi-l 5730
Speiler 1,563 .88 5375  2Lj3&e 1.5303  1,5305 1,00 E-S1 2870
Nose Gear 1.625 1,00 8.662 2L.8 2.0739 1,2285 K1 E-57B 1400
«ing Glap 1,687 1,125 797 2.2L3 1.258  .5W 2700 psi Pl~1e2 &05C
. . (98

Dive Flap 1.687 1375  16.688 2.2;3 769 3l2 XB-51 4730
Landing Gear 2.00 .999 18.9 26.74 3.1, 2.355 <70 Snubber . Snuboer Lok 9L20
Ning Flap 2.00 J5 0 6a72 1,156 3.1 2.696 .88 Loy,  glzo
Kose Gesr 2.00 999 15.437 '25.562 3,14 ©2.355 .750 Srubber. Snubber Lol 9L20
Tip Gear 2.00 .810 7.687 RIS 1A 2.625 876 X8-51  oL20
Lt Gear Surgs 2.00 1 1.875 3,14 ' XB-51  6L20
Speed Brake 2,125 1,250 20.25 30,25 3.5L66 2.319 NS B-57B 8,00
Spoiler Ail 2.248 L7 7.11 1L.76 3.538 3,538 1,06 Fik-1 11920
Wingz Flap Cyl 2.375  1.2%0 3.90 18.30 3,2029 3.,2029 1,00 Balanced B-578  113C0
- Spoiler Ailsron 2,250 750 €.07 17.37 3.53L 3530 1,00 : P -1-2 11610
Bomb Door 2.250  1.247 15.8 28.2 3,976 “24749 03 Flg-1 1191G
Hydro-Flap 2.375  1.750 15.00- k.i39 2,025 LE7 FoM-1-2 13300
Kain Gear Down Lock 2.500 1.375 3 .84k 30.5 . L.909 34435 700 -5 736D
Main Gear Uplock 24500 €25 2.063 L.9o9  L.602 938 FEM-54 T3&0
Fwd, Gear 2,500 1.25 17.61 L.909 3.68 . .750 X5-51 14720
Nose Gear 2.750 8.&5 5.940 5,155 PEM-5A 17800
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CYLINDEx DATA B

e &
Ry ol e

The Glemn L. Mortin Company

g

Fist, " Kod Retract Head Rod Side Area Access access 4
NALE Dia. Dia = Stroke Lencth Ares Area Ratio Head Rod End risne Load 2
Eft Gear 2.750 1.25 13.07 5.940 - LJT713 NES £5-51 17200
iiain Cear 2.750 1.250 10.73 20.63 5.4396 L.7121 868 B-573 £700 -
Bomb Door 3,00 2,125 18,312 7.0 3.539 500 , 13-51 21200
Boxb Door , 3,00 2.125 18.312 34,1875 - 7.068 1.522 L9E F=S73 . 11300
Steer 3.25 1.68 8.375 8.296 5.520 687 X3-51 2,850
liosc Gear Steer 3.38 1.06 Loy . ' 8.973 8.091 ,901 udl 26300 2
licse Steer " L5 1.0 . L.2s 14.19 13.315 930 PRi-5A 21250
Landing Gear “La75 - 1.50 17.0 : 15.0 13.233 .883 . F3U-54 22500
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CAELE BeMy
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CYLINDER DAT BeLS
GRULILAN
rist. Rod Retract Head Rod Side Aires - Ascess Access

HAMB Dia, Dia. Stroke  Length Area Area Ratio Head Rcd Bnd Flane Lozd
Canopy 1.50 25.6 1.757 St 550 ToF-L+5 245
Nose iheel 14067 5.781 2,237 1795 . o802 . 3355
Dive Brake 3.125 10.625 7.67 5.502 .'Z'{O 11450
Intoard Flap 1.313 3.98L 1.353 911 872 Ball Lock 2020
Outboard Flap 1.750 2.937 2.L05 1.20L -7L9 - Ball Leek 3610
Aileron 3oost 2.875 L9037 336 3.36 3:.00 Balenced Rod Each Rod cOLC
%ing Lock 1,875 L.925 2,098  1.052 502 21.0°
Seat hdjust 1.312 L.+00 1,355 911 R 2020
Kain Gear 1.500 6.003 1.747 92 556  Ball Lock ca5
Inboard L.E. 1.125 1554 1.994 87 «691  Ball Lock 1455
Kain Geur Uplock 1,00 2.625 .785 635 «803 s 1173
Yain Gear 3.25 10.187 L.75%0  1.230 «25¢ - Ball Lock 7120
Mech. Aileron Boosat 750 3.00 L1l : €61
Outboard L.E. 1.125 1,093 99 .687 91 1840
Arresting Hook 1,125 3,562 1.227 -
Wing Fold L.875 7.906 18,66  15.52 832 2600
Nose Wheel 1.375 7.812 1465 1042 .701 POF 15 2210




- : TiBLE B-15
CYLINDER DATA = L'é
LOCKIEED
Pist, Rod Retract .~ nead Rod Side  Area Access Actcess ,

NALB , Dia. Dia, Stroke  Length Area Area Ratio Head Rod Znd  Planme Load
Jury Strut .785 .5 7.0 L8h 2877 593 ' a7 Ush
Fose Gear 2,375 1.375 8.16 L2 2.938 56 - 13200
Spoiier 1,375 875 - L.52 _ , 2.75 2.1;88 «778 €250
Yain Gear Uplock 375 375 5.3 . 6012 Lig12 N ' 1802
lMiain Geur 2,375 1.5  z2.37 6.L0 L.702 o727 , 19400
Pod Actuating 1.0 5 - 3.5 765 5887 750 : 2368

3

l.ain Gear Jury 1.25 - 811 Sl 1.227 <7104 579 FoV-7 3500
Bomb Door Kotor ) ’ v
Wing Flap Motor
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~ Pist Retract He.d Rod Sids Area Access Access :
NAS Dia. Stroke Length - Area = Area Ratio Head " Rod Bud  Flzns lead
10,00 o709 L34 52 . F101 3520
1 '90 '37 l 017L‘ Oh@ ' ' 1 6’]’0
2,78 1.108 S12 325 1:580 :
. 1.88 1.108 912 W85 Lsso
3.1l L.z 3.32¢ 750 - ' 15503 :
2.1 v .867 o651 760 Loco
23,38 S 7.069  3.522 L5 31800
9.95 2.237 1.795 .803 F101’ 1€520
Wing Fold L 1.6 10,50 12,57 10.50 836 ‘ F2H-3  1£530
Elev. Feel Damper -—-- -—-- 3.00 3.5  3.55 1,00 . 4L5C0
kileron Ratio Change ---- -——- 2.50 .68 o FaH-3 2720 }
Speed Brake 2.2 1.5 20,13 L300  2.663 L1 - : F3H-1 13500
lLiose Gear 2.25 1.5 16,26 3,976 2.209 556 _ 1:9.0
kain Gear Uplock 875 500 2.90 401 L05 673 1803 !
hileron : ——— ———— L.77 L.180 L.180 1.00 Valve in Fiston : 25086 i
Elevator -——— mea ) 2,60 490 Lgo 1,00 Valve in Fistonm : 1475 .
Rudder : 735 368 Rz 22 331 g9 9¢0 Tensicn
Rudder Feel 2,00 1.375 8 WL 3,141 1.651 527 . : Ql2o .
huin Gear ’ 1.125 0&5 5086 : 0991.‘ 0&5 .630 . 2952 £
lain Gear Soor 2.750 1,000 7.08 SS9 5.155 4868 : 17850
Teil Skid - 1,250 875 - 11.28 1.227 .26 511 2900
Flap 1,625  .750 - L.75 2,074  1.632 J87 QoL:0
Arrest Gear 24375 1.250 9.68 L3 3,203 723 ' ' 13250 S
wing Fold . p "~ «7L0 2.85 1.727  .920 .750 _ 3450
Eng. Aux. Air Loor «625 i 1.10 = _ <309 «198 LAl » 918 |
Stab.-Hyd, Motor B _ F3E-1 14750
Slat-Hyd. Kotor ' : ' : 280 in 1b.

he 3
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CYLINTER DAIA LAY ﬁ',l,g _
S
NORTH AMERICAN _
Fist. Rod Retract . Head Hed Sice  irea Access Access

NIME Dia. * Dia, Stroke Length Area Ares Retio  Heaud Rod End Tlane Los
Aux G.D. Fairing Lock 25 375 1.875 3068 1968 G ) 920
hux G.D, Fairing 1.5 025 5.187 l.2<7 0202 751 1GCO psi 1227
Aux Geur 2.00 1,000 6.212 z.1hL 2,255 .T750 G410
anx Geur Lock 1.552 500 938 1,911 1.715 WL57 5759
“ain Gear Fairing Up Lock &5 375 .750 3068 1963 11 520
Yein Gear Fairing Door 1.168 <658 J68C 1.112 Lo S 3350
Lain Gear 3.00 1.250 5.2 7.066 5.8, L27 212s¢
Kain Geer Up, Down Lock 1,75 £75  1.628 2.Lo5  1.eok 65 7210
Teil Bumper 1.00 420 - 5.500 . 185 o483 €16 2555
Arresting Hook 2,25 1.500  B8.B75 3.976 2.2 556 11650
Lux. Gear Strut
Speed Brake 1.5 1,000 11,90 1911 1.126 S5EE 5736
wing Feld 2.875 1.187 7.250 €47 5358 E2E 19400
Tiing Lock Fin 1.875 1062 2375 2475 1.868 £79 gz50
Fower Master Brake 1.250 375 2.30 le227  1.117 911 3650
Gun Bﬂ:,' Furgc Door 0688 .500 2.875 3'72 5-535 '950 FJ-Z ‘115‘0
Rudder Cyl 1.47¢ 997 LS9 539 9%9 1.0C  Tandem Xi2J-1 2810
Stabilizer 2.;38 197 9.736 2,932 2,932 1,00 Tanden 875
Ailsron 1.7 1.059 3,078 1.388  1.368 1.0 Tancem Li&o
Cutboard Flap 2.001 057 7-1&70 2.3!&9 2.3’-&9 1,0C Balanced FPisten XAi2Jd-=1 7059
Aileron Cylinder 2,144 1,122 1.).#;8 1.8 1.61 1,80 F-843 sL30
Stabilizer 2.362 97 3.607 1,C0 1,00 1.00 . 2000
iein Gear Door 1.312 687 5.313 «255 963 .725 5076
Lain Gezr Uplock .75 <75 1.00 ol W33 .750 1320
Yain Geir 1.625 L8112 5.779 2.075 1.555 L750 : 6220
Lain Gear Down Lock .687 312 1.250 - 368 296 .60L  Seq. Foppet 1105
fuxe Alight Genr Down Lock 625 375 1,500 «307 .20 51 g2
Aux. Alight Gear . 1.562 B9 7784 1.915  1.402 733 57.0
sux, Alight Gear ioeck 872 375 2.00 52 . .789 156G
Auxe Gear Door 1.375 687 . 3.375 1.49 1,116 750 LL70
Dive Brake 1.75 1.1 9.078 2.41 1.412 786 F-8&8 7230
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TASLE B-18
B-i,9
- CYLINDER DATA
NORTHROF
- Fist. Rod Retract Head Hod End Area  Azcess Aicces
. NAYE = Dia. Die, Stroke Length Area kres Ratioc  Head Rod Exd  Flane Load e
Tain Gear 2.026 1.25  1.27 5.53 L.203 75 F-890  153CC
_kain Gear Door 1.626 «75 Lk ¢.C9 1.4.8 778 : 670
Nose Gear = 2.126 1.5 11.52 3.56 1.7% S0k _ 10850
Rudder -, 1.126 .81 L.50 J.88 S8 1.00 Balanced 1Le5
Elevztor ' 1.688 1.25 3,58 1.01¢ 1.016 1.00 5.larced 20LE
Aileron —- 1.676 1.00 3,0% 1.991 1.991 1.C0 3alanced £580
Dive Erake 3.000 1.12 5.98 6.083 6.083 1.00 3alanced 18228
Engine Hoist 1.876 J5 - 10.0 2.776 2.33L L8 : §320
S=at Adjust 9375 62 72 .£896 2676 562 Spring Return 2065
Xnin Gear Bungee 2.001 1.00 3.93 3.1 2.355 .750  Sinple icting gli10
Enclosure Jetis Assist. 2.126 - 62 8.87" 3.56 3,258 91, 10680
Radar Scope and Conscle 937 &2 9.91 6636 <3876 562 F-89D 065
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CYLINIER DATA

TASLE B=15

REFUBLIC B-50
Fist, oo “Eecd Tod Side Erea Access  Aonors

LA die, Lia, troke  Ares Aren Ratic  He.d  Rog End Plene Loss
iose Gexr Lock 1.50 +E0L 175 Single Acting F84-F _
. air. Gear Retract 1.13 «£75 7.52 1.00 .L02 T .02 ' : 1500

i ain Gerr Uplocsk i.0C W00 TS <735 .589 ., 50 bail Lock as< Swi-eh
- ain Gzar Dovnlock . - 1.50 1.%¢ 1,76 ‘Built in Check Sed .e:nce o ethy
D .ic Zo.r Out Lock  1.2¢ «500 1.50 1.425 1,026 .60  Single Acting 1833

ine Slet 1.00 0975 .53 <785 675 o555 :

Jing Flep , 2.86 2.02 2.25 6,51 3.37 517 : G760
..9s53 Gear Uplock 1.00 - D12 <755 . . 1178
_fe, Lozzle Latch 1.25 500 - 2.2 1.225 8450 919 . 1838
1082 Seir 2.75 «875 7,92 - 5.54 5.25 #OE3 | £200
,Duct Screen 1,00 J50 3.50 785 L3371 o557 1178
*ilerer Yow r 2,025 W50 L33 355 3,118 100 5210
~—dato Zeleise o875  J312  2.& L0 525 873 oC1
Zlsvater fowor 1904 750 3.39 N AL5 1.00 L4200
Eudier rower 1,211 .65 2.02 1.16 1,163 1,00 " 2205,
Speed Br.ie. 2,125 1.250  9.87 3.5 335 N 53L0
Ifr, Release «937 .500 2.98 69 493 716 FelL-F 102l
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. APFENDIX C

YALVE AND FILTER WEIGHT AND SPACE
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AFPENDIX C

-VALVE WEIGHT AND SPACE

In this ssction, mathematical expresaions for check valve weight and
spacn wore obtained. Other valves have been considered as multiples of
the check valve weight mnd space for equivalent. horsepower rating.

The check valve weisht was obtuined by considefing, as in other sections,
that the part in question consisted of an assembly of several simpler parts.
The ends of the chack valve appear as being quite similar in design and
construction to an "AN-815" union. The burrel part is ecsentially a section
of tubing. The internal parts like poppet and spring are also similar in

- shape and weight to line fittin;s. The weight egquation bocame basically:

Wgy = X Wp + K, WrupINng ‘ (c1)
Wheres

Wey . = éheck valve weight (LB)

Wp - Fitting weight (LB)

WIUBING = Tubing weight (LB)

Kl = Ratio of theoretical fitting weight'to actual fitting
woight

K>, = Ratio of thecretical tubing weight to actual barrel
weight '

The fitting weight has been expressed in Appendix "A" as:

2.98 (10-5)07p2 - - v
A + 84510 7)np+.1¢.87(1o 5p (c2)

A check valve was disangsembled and Weighed and from this, it was
established that <he fitting ro—tion which consistas of poppet, spring, and
both fitting ends, weighs 0.3/61 lbs. For the one half inch tube size,

ugsed for 3000 psi, and the barrel weight which was actually a straight
tube, was found to be 0.141) 1bs,

If the criteria that D = 0.5 in. and P = 3060 psi is introduced in
equation Cl, WFp becomes equal to 0.004569 1b. Accordinglys

. Wev_ - WBARREL . .3L61 -
! 0. 001565 0.00L5%9 757 (c3)

To obtain a value for Xe, it was neccssary to find an eguation for the

check valve hody weight. ince the body is essentially a piece of straight
tubing, its basic equation is1
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¥rypinGg ™ -’1‘3- (Dcv2 - dgy?) L p (ch)
. Whera; i

Doy = Outside barrel diameter (IN)

dey = . Inside body diametor  (IN)

L -~ Barrel length (IN)

p - Mntgrial weight (LB/IN5)
It w;a observed from a plot of "L" versus "Dcv,“ for all sizes of

check valves: .
| ‘ L = 2.09 Dgy ' (gs)
From Lame'a reiﬁtionship for thick wall cylinders:
2 S, - '

dey - 'Dcva (-;%%) ' _ ' (c6)
From a plot of "Dyy" versus "D"i (Tubo Size)

Dy = 1.463 D+ .32l | (c7)

The use of material according to Sgecification MIL-S-6758 Condition F,
was assumed and so0t

p = ,283 LB/IN? (c8)

s, = 180,000 LB/IN? o | (co)

When equrtions C5 through C9 are introduced into equation Cl:

Wpustng = .0278 (L.66D + 1)5 (3366g—7—p—~") (c10)

which includes a safety factor of 5.

When D = .500 inch and P = 3000 psi, then Wgapppr (by squation C10)

is equal to 0.080l LB,

Actually, as was stated earlier, the btarrel wns 0.1411 LB, accordingly,

0.1411
K, = Gosog - 1-755

When equations C2, C3, Cl0, and- C11 nre inserted in equation Cl, the.total
check valve weight becomess

. .002256D3p2
Woy 35600 + B~ ° »00006L,3DP + 369D + .0L8B(L.69D +1y

+

{c11)

P
36000 P | (c12)



L . '
53 c_h
g E. . Wheret
WCV = Chock valve weight (LB)
D = Tubing size (IN)
P = Systam Pressurg (LB/INZ)

For the space relationgship the check valve was considered to be a ,
cylindrical can of an outside diameter equal teo the dimension across corners
of the *oxapon ends, armd of a lenpgth equal to the chock valve length less
the threadsd ends. {Since thesc ends are assembled in tubing during use).

By equation C5 the check valve length is stated as:

L = 2.09 Dgy | (c13)

The relatﬁon between the tubing diameter (D) and the dimension across
corners (DBS) iss

Dgg = 1.9 D t 375 (c1L)
i L BaSically, the space volume 1s equal tos
VVs - —E— DBS2L (615)
) ; When equation C13 and 1l are substituted into equation C15, the final
: result 1iss
L Vg = 6.9 (D + .202)°

(c16)

vhere s

Vg = Space volume (in3)
D = Tubing gize (IN)

Equations C1l2 ard Cl6 appear plotted in figurcs Cl and C2 respectively.

Other valves which wore considered were, relief valves, servec valves,
shuttle valves, solenoid valves, and disconnects. (Both bulkhead station and
line to line connection types). The following method was considered advisable

since all valves can bo considersd as being composed of fitcings and pressure
. containers. '

For vmlves which are of the standard "AN" type, such ssrelief valves,
! shuttle valvea, and disconnects, weight data as listed in "AN" standards
was utilized by obtaining a ratio between the respective valve weight and a
check velve waight at the same norsepower. This ratio wias termed a "multiplier,"
and they are listed in Table C3, Space was treated similarly except that

space was considered to be the volume of the smallest sized box which could
contain the valve. ‘ :

[ 'l'.")‘
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For the more complicated ard less conventional type valves such a3
servo and solenoid control valves. many nctual valvos from current airplanea
ware investigated and the ouservations wero tabulated. Sse Table C2). The
respective weights and space velumes wure uvernged and those averagos were
used in a similar manner as ths preavious types.
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Table CX
c-6
—
. [S¢ *F CHECK VALVE CHECK VALVE
P w I
+5¢ - P WEIGHT SPACE
1000 2 .313 1659 1.0%
10 .58 <3073 . 3.16
50 +Olb 6708 11.05
10 1.219 12,0379 20,20
1500 2 .216 LLL6 + 780
10 L 2731 2.0)
100 1.01 .9804 12.82
3000 2 .198 .1235 .511
10 «313 .2L83 1.05%%
50 566 «5933 3,38
100 . 728 19332 5.92
Looo 2 .1875 ~1512 475
10 .281 -+ 2565 876
€0 506 6206 2.66
100 656 .9972 L.67 ’
5000 “ .1875 172 475
10 26 .27 . 786
5C L7 67 2.32
100 615 «9758 L.og
7500 2 1875 226 L75
‘ 10 251 36 + 731
50 L3S .8LL49 1.96
100 .558 1.3815 3,28
10000 2 .1875 .2817 LTS5
10 275 Lis09 .859
o) 432 1.1:95 1.859
100 +557 1.915 3.26
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c-7
GiTe XX
VIVE WL _
WT. FLOW FRESS  VOL T SACE  MULT ~ xULT

O, MGR . 50, TYFR SLENWID @AY REN  ARIANE  USB LB G ST W3 EP 15 L2 WD . SACE
Bertsa nFC-0-01 Servo - .- - Loy Lileron 2.8  1.73 1560 36.9 1.51 130 .70 2.5 52.7
bertea 1.8C0 Selector Yes -—— —— - me=m—e—- 1 2 3000 11.1 5,25 25 5 LhL5 .8
G, Co* AVMLB-112ED Selecter Yes L 2 B 2 6 . 3000 1B».S 10.5 205 1.0 7.0 Cl2l
Go Co AV13A-1EL Sclector -— 3 2 XF&i-1 Spoiler 1,5 3,5 - Z6C &3.5 6.1 230 W30 6.5z 1oL
G, C. AV1,C-1153  Selector - L 3 4F@u=1 Uine Docr 6 31,; o 3000 3,0 59,5 L0 390 ENT £5.8
Bendix 54,8570 Selector Yes L -—- ——= eceeee- 19 6 3000 49.5 1C.5 285 1.10  6.67 L L
dyd-Adre  Lg52 Selector  Yes 3 ——=  KFA-l Pmp 0 2.3 6 3000 67.2 10.5 235 1.10 8.07 €&0.6

. Dischare
Adel 22982 Selector  Yes L .3 m.— mmeeee- 2.1 12 300 52.9 21 385 1,70 5.5 7,41
icel 25036 Selector Yes 3 e som mmmmmee 15 1 100 24.9 < T -—— === ---
G. C. V1106 Selector  Yes 3 ee-.  XFAIl By-Fuss 1.5 1 100 33,4 584 emm mem eem ee-
Stabilizer
Berdix 550630 Selector Yes 3 2  XPA-l Swt-0ff 1.6 13 3000 L6.9 22,7 L00 1,80 4 26.1
: Utility :
Hyd-losr XS-1£0100 Selector Yes L - Xr&.-1 Voor --= 50 30C0 1,5 §87.5 L0 5.5 -— 20.5
iility
Lyd-iow 15-18100  Selector  Tes L -e-  4XF@I-1 Door .- 20 3000 U2y 35.0 510 2.0 --- 5L.8
Bsrtea «FC-8-01 Servo -—- ——- —-- XrGi-1 Bdroflap 3.1 12 3000 61.7 21.0 385 1,70 8.05 LB.1
’ Kudder
Bertezs  1.FC-£-03 Jervo -—- -—— -— XF@i-1 Control 1.5 1.5 3000 32.6  2.53 170 .60 5.7 5.6
~eston 11920 Sarvo -— -— -—- AP&-1 Smbilisar L.65 24 3000 107.0 L2.C S0 2,00 8.66 36.9
weston 11630 Servo === == === XPGi-] Spoiler 3,00 &0 30€0 2,40 105 1.0C0 &0 3 38.7
Weston 11940 servo == === =e=  AP@-]1 Hydroflup 2.05 2L 3000 £9.1 L2.0 S 2.0 3.66  30.7
fieston 11750 Selector --- L -—- APBi-1 iéng Nap 2 1.3 . 3000 LB 2.27 2 55 1245 86.1
weston aLLo Selector Yes L ~-=  XFAI-1 Bub Door 2 - &0 - 3000 71.6 35.0 510 2,60 3.92 2745
Bendix 551590 Selector  Yes L ——— mee eemeeee 3.39 16 3060 68.L 28.0 £L50 2,200 7.54 Lo.2
: Flaps=- . . .

idel 21700 Selectar Yes -l --= P2 BabDoor 2.1 20 2000 75.6 35.0 S0 2.60  L.a2 5.l
Bertea  LFC-6-03 Servo - -—- ——— ee- FR-2 Boost 138 1.5 300 2.9 2.63 JA70 .0 8.5 54.8
Adel 23386 Selector Yes L 3 P2 Hydoflap 2.1 5 3000 75.J; 10.5 285 1,10 7.37  &.5
G. C. AVILB-1122  Selector  Yes L 3 ——e o mmemeeo 19 545 3000 85.6  6.12 230 B0 7.39 112
Ge S AV14B=l12,  Selecter  Yes L 3 ——— mmemeee 1.55 6 3000 1165 10.5 285 1,10 6.8L 106
G. C. AVILC-1138  Selector  Yes L 3 cme cmmeean 195 6 3000 1165 10.5 28 1,10 - 6.84 166
'Ceneral Conirols V
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Disconnect, in~line

Disconnect, Bulkhead

Relief Valve
Servo Valve
Shuttle Valve

Solenoid Valve

TABLE OF MULTIPLIERS
' |
‘Weight
1.538
1.338
6.5
5¢S
1.5
6.7

Table C3
c-8

.Space

2.5
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II. Determination of the Weipht and Space of Filters

The weight of filters was assumed to ba similar to tha weight of
accumulators; with different constants. (See Appwndlr D) This equation
is of the forms :

1 20000 + P Lang g2
Wt = ,00131 d°p" (‘m""ﬁ + 3,67 a3 + Igégod_P

+.0158 ¢3 + .cun % + ,007 (Air Volume) *+ 1.3

In the calculation of the weight of accumulntors it was noted that
for small work levels (figure D-2) the weight of tho accumulntors was nearly
constant for all pressures.

Therefore a plot of filter weight versus horsepower was made for
1500 psi, 3000 psi, and 5000 psi (figure C- 5}. From this 1t was evident that
the weight of the filters was constant at all prescsuros for the sane
horsepower level. An averapge of points was drawn resulting in the following
egquations

we = a5 ()t

The spaco of actual filter wag calculated and plotted. From this plet
an equation was determined for the space of filters at various prossures
and horsepow~-rs.

« 1.125 x ad (wP) |

Space
System Pressure 7

The spance occupicd by filters at 2, 1C, and 20 horsoep .+ r was calculated
and is prosented graphically in figure C-l.
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‘ APPENDIX D
CALCULATION OF THE V
WEIGH?T AND‘SPACE

.OF

CYLINDRICAL ACCUMULATORS




I The Weight of Accumulatora

The final equntion for the woipht of anccumulateis is as follows:

Weight = W¥oipht of End Caps + néjght of barrel + doigh! of Piston
+ Correction factor for bulk

Weipht of End Caps ~LO131 dEP% (ZOOOQ.i_P)
: _ 20006 - P

Weipht of Barrel =  3.67d3 + .558d% L
o ’ 2006 < P

Weight of Piston = ,01584% + .025d%

Correction Factor . = X = 1.3 + ,007 (Air Volume)
where d = Accunulator Bore
P = Systom Pressure

It is notud tlat the form of tho .equaticns above is the same as the
equations fcund in Appondix B for the calculation of the weight of various
sections of tho cylinder. The chanpges have been in the constants to csafcrm
to the actual weights of the vylinders and, in the caso of the barrel, changes
in material ctrenpgth and density and the replacement of the stroke in terms
of the bore.

As a basis for comparisen -- three wnrk levels were chosur: 1,200,000 IN-LB;
300,000 TF<LB; nand 79,000 IN-LB, For convient calculation this: value was
divided by the pressure to obtain the air volume of the accumulator. (Thia
assumes 1CO% efficiency.)

The bore and stroke rolationship w4s obtuined for the 1CGC cubic inch

nccumulator at 3000 psi. This ratio being: S e
E - )oée

A £luid volume of 90% of the air volume was found to be average for
‘3000 psi accumulators so the equation for finding the borev of the accumulators

wnss -
«G x Air Volume = EC d4° x H.684

43 = Air Volume
1.85

Fipure F-1 is an illustration of the weight of accumulators versus air
volume for 3000 and 1500 psi accumulators. Two so0lid lines represent the awage
wajghts at these pressures. A dotted line represents the calculated weight
using the equations without the correction factor with a phantom line representing
the correction factor. The correction factor is the difference between the
dotted line and the 3000 psi line. :



From the final e.uation -- papre F-1, the weiphts of nccumulators at
varicus pressures and work levols were calculated. The rosults a e presented
in Table D-1 and Tipure D-2, From these curves it is evident there 1s a
minimum weight for any work level at Loto psa- It is «lso noted that there
is little =aving above %000 psi au tho curve is neariy {lat betwr-en 3000 and
500C psi. :

I1 Space Occupied by Cylindr}oni Accunmuiators

The space occupled by accumultitors was cons:dered to be the volume of
a cylinder that is the envelope of the accunulator.

’

Space = E D° x L

Wwheroe D = Outside dinmater of cylindrical enveiope
L = Total length of nccumulator

Since the stroke wis cotcidered as a multiple of the bore for weight,
the length 1t considered as multiple of the outside dinreter. Tho difference
betwoen the bore and the outside diametor and *he overall longth was alro
considored to be a constant multiple.

The actual envelope for several avcumulators at 3000 psi and varicus
volumes was calculated, #ith the assumptions as above:

Space = 9.21 x d3
d = Accumilator bore

The space occupied by nccumulators was determined and 15 tabuinted in
Table D-2 and pruscnted graphically in figure D-3.
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TA3LE D=l
WEIGHT OF ACCU.ULATOKS A% VALICUS o=
(£.38SURSS oL WCkK LEVELS-
FaSSUE WCrK VoL > a° d  ERD Cl:s LALGEL FISTON K 2151
1060 1,200,00C 100 3.5 3C.0 ©.05 1536 2.1 L7 2l Ju-0sl
3C0,000 330 1.0 15 . 394 «506 5.1 1.32h5 2.4 1L.5505
7€ ,C00 75 15.23 6.2 2.4g%0 2ol 1.305 3565 1,585 3.7E75
15C0 1,260,CC0 Z0U 162.5 2.8 SRS 1.76 FERIE 2310 .5 24020
360,080 2C0 Lo.5 12.61 3.8 750 €. 981 L7 10.1C7
7%,50C 50 10.15 . 2.1% <75 1.64 2775 1.9 2.4..0
1LL0 1,200,000 Lo 81.25 16.7 l,.32 1.617 2z.lL 1.75C5 L.l 21.0£75
3(2,00¢ 100 20.3 7.L6 2.73 725 5.5 LUT5 20 G.1Ee5
7=,0CC 25 5.08 2.2 1.719 2035 1.515 L1331 1475 3.01296
H0CC 1,200,300 300 ¢1.0 15.62 3.94 1.55 2.2 1.3%  3.L 1C.GL2
500,000 75 15.2 6.22 €598 T4 S.1y 3. 1B 3.1255
- 75,00C 14.75 3.61 2.4 1.562 5035 1.563 g2l 1,313 7.419
5000 1,260,000 2. L5735 13.:2 3.6 2,055 2.8 1.103  2.en 26.932
300,000 (29) 12.2 5.31 202 .82 6432 226 1.72 c.1t6
15,000 15 3.03 2.9 147 3225 1.04 «10015 1.0L5 3..3165
7500 1,200,600  1£0 36.55  11.12 Z.3c T 2.78 26.35 55 £.55 2..545
300G,G0C Ly 9.15 L.375 2.09 1.094 7.22 2539 1.615 10.1829
75,000 10 2.03 1,402 *1.2% Lo 1.65 L7722 1.27¢ 34522
1LLL0 1,200,000 120 FHRN 8.41 &9 3.31 28.G SR 2., JuegLE2
300,0CC 30 6.1 3.34 1.628  3.31 7.37 1790 1,51 10.3039
75,000 7.5 1.525  1.329 - 1.152 522 1.900 0571 1.3525  3.3316
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TAWLE D-2

SPACE QCCUPIED BY ACCUMULATORS P-5
SPACE '~ 9.21 a°
PRESSURE WORK  d a3 " SPACE
1000 1,200,000 ©  6.0% 2h5.5 2210
300, 000 3.9 £1.0 c61
7%, 000 2.6 15.23 140.3
1500 1,200,000 5.0 162.5 1,537
300, 000 3.58 Lo.o 37
7%, 000 2,165 10.15 93.6
3000 1,200, 000 h.32 81.25 7ho
300, 000 2.72 . 20.3 187
7%, 000 1.718 5.08 L6.8 -
Looo 1,200,000 3,94 61.0 541
300,000 2.1,096. 15.23 1,0.3
75,000 1.362 3,81 3h.2
5000 1,200,000 3,05 LB.75 1Mo
300, 000 2.302 12.2 112.3
7%,000 107 3.03 - 27.9
7500 1,200,000 . 3.32 36.55% 336,5
300,000 2,09 15 8.3
75,000 1.266 2.03 18.7
10000 1,200, 00C 2.9 2h 24,5
300, 000 1.328 6.1 54,2
75,000 1.152 1.525 14.05

dhancic) Fod | i
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APYENDIX E

DETERMINATION OF THE WEIGHT AND SPACE OF

.'H'YDIE%.'AULIC PUMPS AT VARIOUS FRESSURES AND JICRSEPOWERS



o
o

Dotermination of the weipht an! Space of

Hydraulic Pumps at Various Presrures and Hersepowers

It appenrs logicaul to ansume that the weight of tho pump is a
direct function of horsepover and indepondent of working. pressure, on the
basis that the pump is the optimum design for that prescure.

Examining the cross section drawings of the New York Air Brake
66WA300 or Vickers PV3911, it is evident that the majority of the weight
of the package is in the construction of the mechanical (arts and joints,
and the casing - most of which surrounds the chamber pressurized by inlet
or by-pass press:res only.

At a given horsepower this equipment must remain substartially the
same. Increasing system prcssure can be accomplished by reduction of stroke
or bere; and, it is assumed, the reduction in the size of the cylinders
will be compensatod by increase in wall thickness of the cylinder and
pressure chambers.

b Since that part of the pump affected by these varjations is a
relatively small percentage of the total pump weight and space, any error
in the above assumption will be negligable within the range of the study.

Therefore, the equations for weight and space for all pressures are baced
on the wust rucontly devoloped production pumps for 30C0 psi. Any advance
in the design of pumps, such «s high spced development, would be of equal
advartnoge to all presaures.

In figura E-1 is a plot of weight versus horsepower for some recently
developed 3000 psi pumpse. Through these points am average is.drewn which
reprosents the woight of pumps for any horsepower at all prossures. - The
equation for this line is:s

Wt - 3., + .72 (HP)
Figure E-2 is a plot of the pump space versus horczepower of 3000 psi
pumps. The line drawn is the average of those points. The equation of this
line iss :

Space = (0 + 15,7 (HP)
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THE WEICHT AND SPACE OF RESERVOIRS AT VARIOUS
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AVFPENDIX F

THE WEIGHT +i.D SIACHE OF MBSARVOIRS AT VARIUS 1UBSSULES

(This study conforms to Specificution KIL-R-5520 A in every detail)

The followine symbols wore used throughout thiz sections
S

WR

n

Totul weight of reservoir inmcludiig rluid (LB)
Total exterinl spaceo ubtilized by re:-“rVdir (INB)
Totul intorrinl volume of raservoir (IND)

Total internul volume of reservoir (GAL.)
Kinimum "full" design level volume of fluid

Air volume in rosorvdr (INB)

Euergoncy fluid volume in reservolir (INB)

Volume of fluid in reservoir alilowed for net depletion from
eylinder volwsetric changes (IN3)

Fluid volume allowed for accumulators (INB)

Fluid voluie allowcd for leakape (INB)

Total system fluid voluie, including the reservuir volume (IN3)

Volume of fluid {n the reservoir mude unavailable by the
action of the larpgest cupacity ¢uantity measuring typa
hydraulic fuse. (IN2)

Fluid volume allowed to insure thut pump suction he.d is
maintained for all ultitudos and acceclerutions witnan the
reservoir desiya limits., i.e. fluid quantity for negative
" lo.da, (IN3)

Fluid volume allowed to squal tho maximum thermal: contraction
(Taken betwern the temperuture limits of +70°F and -LO°F)
()

Total work of ull the cylindsrz in the system (LB-IN)

Work of the largest accumuletar in the system (LB-IN)

Total work of all accumulutors, including the largest, in
the systom (LB IN) :




-

vy

F-3

Ucyax = Work of cylinders in the largeut fused systenm (LB IN)

Upy v 8um of work of wcluslors in the emerperncy system (LB IN)'

Ly, = Longth of 1ins ul wny oue horsepowor level (IN)

HP = Horsepower ~- used us a work lovel mensure

P = Systom Hyvdraulic iressure (LB/INe)

Kl = (Geometrical construction constant

Ve = Totol I‘lui;l volume of ull operating cylindecs v;’ithin'tha
aystem (IND)

Var = Total oir volume in the lurL;o;t accumulator (INi)

Va - Tbtul alr volune of all anccumulstors, includiny, the lax‘gest‘,

in the system (IN?)

Ve = Actual fluid volume required to.complote the program
emorgeucy operution. (1N3)

Vy = Line fluid volumo plus fitting fluid volume (IN3)

VgL, = Filter fluid volume (IN3)

Yy = Valve .fluid volume (IN3)
VP = Pump or motor [luid volume (IN3)
Va = Total wir space volume (%)
. .7°$ '7°$ B * 0
LL « (HP) = LLI . (Hl'l) + LLZ (HPQ_) 7.,,6'):... v

cees * Ly (upy)°70%5

WipaAnk ™= Weipght of empty reservoir (LB)

W%Luib = Weight of fluid (LB)

mm
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low are listed, Ly paragruph nuavers, what appenrs in Specification

LIL-R-55204 when rostuied as mothematicnl oxpressions.

2.2

3.2.3.0
3.2.
3.2.5

Th

Vg = b + ba+ by ‘ ' : (Fl_)
bR = b + A + Bpg* by + 6y + by (F2)
bg = 1.5 (0.25)Vg .= .3T5Vg | | (¥3)
BA = VaL*+ 6 (Vi - Vpp) | | (Fl)
SLK = .05 bg : - ~ (F5)
bp = O | . | ' {F6)
g = KiVp ' (F7)

i

Ky = [Rutio of allowed fluid to total volumo of reservoir and
it j= depsndant on the peomatrical configur.tion.

b7 = (70 + LO) (.000432) by = .OL756g " | (r8)
5a = 0.183 + 0,1Be . (¥9)
e = 1.25 Vy ! (F10)

e itoms included in the syctem is defined by:

65 - VR + vc + VA + vL + vFL + vv + vll ) (Fll)

Combining equations F1 through F1ll und solving for Vpi

vVR .

4

bR + ba + b4
Gp + (0.1 by + 0.1 bg) + 1.25 Vgy
1.1 b, + 1.375 Vg

1.1 EC*DA*GLK*-ﬁF’bsbei '+_1-575Vm

1.1 275 Vg + VAL + .6 (Vp = Vap) + .05 bg + 6+ 1,1 K1 Vp + 1.375 Vpy
U125 Vo + L VAL ¢ .66 Vp + L1072 8g + 1.18p + 1.1K Vg + 1.375 VEM
L4125 Vo + WL Vpp ¢+ W66 Vy 4+ L1072 VR + VG + Vp + VD 4+ VR + Vy + Vg

+ 1.1 OF + 1.1K) Vg + 1.375 Vg

5197 Vc‘ + ub, Vap, *+ «7672 V4 + (.1072 + 1.1K1) Vg + 1.1 bp + 1.375 Vin
+ .1072 Vp, + Vpp + Vy '



F-5
Finally: _
1 , ‘ . -
VR = EO20 - 1.1 Ky 2T Vot JUy VA o+ L7672 Var, 0 1036F + 1.375 gy
+ 1072 v o+ Vpp o+ Vy (F11)
. To ronder {his eyuntion nore rea.dily useable it was logicully assumed
frowm duta thuti
Vg o= el ‘ ' ‘ (F13)
- U
8p = 1.5 Vopax = 1.5 A : ~ (F15)
F ‘ -1 ,
vay - UBt : ' . (P16)
P
v, o= 2 - (F17)
c P : . :
V, - Uit, } ‘ | | - (F18)
UAL _ .
Ve, = B | ¢ - (F19)

Further, when line volume {5 plotted versus pressure at verious horsepower,
it waus fourd that the following rolation obtainss

v, = 35:85 (np)‘7°65_
P

. 1 .
The quuntity TOU2T T 1.1K, which a;pears in equation F11 can bae thought

(F20)

of us a multiplier dejendent on vulue of the goometric:il construction constant
K,« To abtuin .vulues for Ky, ihe neputive "g" loid fluid allowunces for the
u%ility and surfuce control uystoms cof the Martin XI@M-1 were divided by their
rosreactive total volumes, '

Accordinglys for the tunk type reservoir:

Ky = 38.,3% = .3683
Ands
2 :
_M-—T' - .lxl -‘ 2.12
For the piston type roservoirt

Kl « QO and sos ‘.‘
1 -
22 A o i (Fez)



1

Utilizing the rolations shovm by oquations F13 through F20

1 1 .
VR = TETILOK, (P «B197 Ug v WAl Up 4 L7672 Upp ¢ 1.5 Uaax

7065

To obtnin the volume in a tank type reservoir, equation F21 wus utilized:

1
VR =T 1.102 Uc + .973 UA +1.628 UAL + 3.18 UCV.A.X

+ 2015 Uy + 9,37 Ly (ur) 7% (Fely)
For the piston type:
VR Ld 117 SHe UC + -hf)} UA + 859 UAL +1.08 UCMAX
+ 1.5L Ugy + 495 Ly, - (up) 795 (¥25)
The roservoir weight can be expressed ass
"2 = Wrank * WrLuID (F26)
From figure Fl1 for tunk Lype reservoirs:
Since tho fluid (MIL-0-5006) weighs .03085 l.xs/m3 at 70°F '
Wprurp = -03085 (Vg - Va) ‘ , : (Feg)

To obtain an eiprossion for Va in terms of Vy the following two

definitions were solved simultaneouslys

VR = 110% of VrLUID
VR = V/+ Ve
And sos

Va = .091 Vg ‘ ~ (F20)

Therefore equation F28 beconess

WFLUID =  .03085 (VR - .091VR) ‘ ) : o
=  ,02085 (.909) Vg

= .0281 Vg o (F30)
By dofinition
Vg = 231 Vg | R (F31)

.fg
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Inserting equntions Fe7, F30, wd F31 i

g

Wy

<

Using the

»Wh

ar.d is the reservoir

. 6.7 + 1,22 Vpg + .0281 VR
- 6,7 + 00528 Vg + .0201 V

w 6.7 + .03338 Vg

nlo F26:

R

expression for Vg equutionAFEh:

o 6,7 +.}_’

+ ,.106 UCMM + ,091% U}.}n + .3_12]4 I"L .

woight with fluid for the tunk type.

From figure F1 for the pistoen type reservoir:

WTA.NK = 65,32 + 5,89 VirG

Since no air space found in the piston types

WrLuIp = <0208 Vg
Cembining eyuations F26, F31, F35, und F3L3

wR - 6.32 + 5.8‘) vRG + .03085 VR

= 6.32 + L0255 Vp + .02085 Vg

'-'(R

= 6,32 + 05635 Vg

Using the exprescion for VR‘ equat.ion F251

.0367 Uy + 0311 U, + 0542 Usy,

(ur) )

W, = .32+ L 0528 Uy v 02775 Uy + .0L83 Uy,

and is the weight of piston type reservoir with fluid.

From figure F2 for the tank type resorvoir:

SR

Using e

8r

.72
= 598 Vpg 728
- (6534 Vpe)
- (28.3 Vp) -728

quation F2i for VR

-, ':;- 31-2 Uc + 26.)—1 UA + uéol UAL + 90 Um

+82.5Um+2$ 11"

(gp) -7065

.728

7065

+ -09)45 UCLM + .0867 Um + -279 IJL * (Hr‘) .7065

(r32)

(F33)

(F3L)

(F35)

(F36) -

(¥37)

(F38)



Jhe

nnd this i1s the equation for space of the tank type reservoir,
From figure F_ for the piston type reservoirs

Sp = 300 + 650 Vpg
= 200 + 2,81 Vg (F39)

Using equution F2% for VR'

1 - h]
SR = 300+ 5 1.636 Ug + 1385 Uy + 2,13 Uy

o +7065
+ 172 Ugyag + L33 Uggg + 13,91 Ly« HE)" (FLO)

Wiich is the scuaticn for spuce utilized by the .iston type regervoir,
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APPENDIX H
NORTE AMERICAN AVIATION

OPTIMUM PRESSURE STUDY

H-1
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H-2

NORTH AMERICAN AVIATION

Ortinum Prossure Study

Lou Barthelson

Purposes Compure weight of utility system at 3000, 5000 psi and other
weights considering =ctuatoers, lines and fittings. .Space saving is evident
in ali threes, :

Aofuators D Brakes
We 1ghts 5000 psi 3000 psi
Cylinder .818 .907
Platon ' 1,803 . 2,083
Cylindar Nute 212 252
End «7L0 0766
Erld. Cap .801 aegz
TOTAL | . LTl 4673
L.37L = 11.5% eaving
«500

Assime qualitztive conclusion of 10% s.n'ing‘ in reneral run of actustors,

Liness Fu = 'E{B ~ Burst Pressurs = L p

' . - 2 v2 . | 2‘ - r l)r va
Pressure Drop: h £ I35 AP \ h Pp g T > z
£ = fric:tion factor h = head loss )
V « fluid velocity Ff = fluid density
zt = 1line length Nr = Roynolds No.
d = ID V- = kinematic viscosity

= gabs viscosity «

£ & pemg we B LW

AP.a-bl .al ! :
Rl 2
v .




.
i i) ok § b

i

[
s .

—

4_‘,\...
ey - Y

Line and Fluid Weight:

D =~ Q.D. Tube
Pm = Spacific Weight Metal
pf = Specific Weight Fluid

Mo PR (D -20)2 s pn } 02 - (D - 2t)2

2 :
s 0D 1= 2
T ) (P -y + Py
Powsr = constmt PaQn 1 PoQo
Powsr Luss = constant Pnln = Polo
(6nit Quz2) (. (BnM QoZ) Qo
An Aol
Qn_,a. . Q02 Un Qo wn Ao
Ane A2 ' E " Ao An = Qo

An = FPo x Qo x Ao = Po Ao
M Jo Tn

" (Dn .. 2‘&:1:;).2

- Po (Do - 2 to)® n
m (Po -2 %) L

Dn? ( - L ) - Do® 11;% 1 - L Po)?
N - Fo
. 1-4 po 2 L 2
Do® Po ‘Fo (pf-p.) 1-Fg -
O mme ! TR P
. ' Ta -
Wn
Wo ° —
2
’%2- (pf-pmo) (1 --%1;_9 2 . Pro
-
E (1 -k Pa)a - (py, - Pf)

“0
p ) .
[m " R - 70)
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Hly

S8ea Curves
Return iines using Al. Alloy
Spec. drop .16(5000) = 500 psi

Burst Factor of 7/1:
Burst{ Fressure 7 x 500 = 3500 psi

An = 3500

%ﬁFn’Dn

D (1 - 3500)% _ 2 gRY:)
'm = Do% (1 -4 o) Po

Fo n

Po Pmn -
5000 vy —=egg 2 - (Pmn - pf)
TR .

¥n
Wo

R ewyn |
1- L&FO_O) « (Pmo - pg) _J

- = H wn -
It Po = 3000 and Pn = 5000; e = .2l
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" ﬂ | | : : ‘ - TABLE H-l
' H=6

USING CONVERSION SUCH 3/8 x .OL9 to 1/L x .018

- .
C——

\

: %000 PS1 SYSTEM 5000 PSI SYSTEM Yo
‘ — - . W

SIZB WT (Lines Only) SIZE WT °

2,/8 x .0L9 | .060 1/4 x 035 029 48

1/2 x 065 . .107 3/8 x 035 WOLL A1

3 5/L x .083 Q7L 1/2 x 042 072 Ja

3/ x 095 .230 5/8 x .0lg .107 L6

AVERAGE Ly

| SAVING 56

LINES SUMMARY

Assuming 7C% pressurs linss
end 30% return lines

o7 x o135 = ,095
K 03 X 056 = ,168
} 253

r———

L - R s
-

25% wt. saving in lines by converting 3000 to 5000 psi
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I B B et S SO S S e T L S T T S B S S ST SV R SO Sy S+
THELE E-2
-7
FITTING CUNVERSION CHART
RETURN LINES ‘ © PRESSUEE LILis
3000 Fs1 Wt = wo 5000 PSI # = vim  ¥m 3000 51 Wt = .o E5O00 FsI Wt = vn i
Type, Size (AL - Al STLB AL°L Yo Type, Size ALAL Eq Size St. Steel  fio
3/8 056 14 037 66 © 3/8 5¢€ 1/4 J29 2.3
815 1/2 .102 3/8 056 55 8l1s 1/2 102 3/8 137 1.6
5/8 161 1/2 .102 S 5,8 o1€1 1/2 0333 2.1
3/8 076 1/k .050 .66 - 3/8 074 1/l 101 1.9
83 102 1%3 %/8 076 57 B33 1/2 133 3/8 : 211 1.6
5/8 214 1/2 133 5,8 21 - 1/2 405 2,0
3/8 .107 1/4 072 &7 3/8 107 14 21l 2.0
3L 1/2 200 3/8 107 Sl 3L 12 200 3/8 313 1.5
5/8 246 1/2 200 .81 5/8 . W.2L6 1/2 5%5 2.4
TOTAL 5.10 . TOTAL 17.6
CTZRAGB 5T AVIRAGR 2

; Pittings and Piping = B1,0 lb.
: Assume .35 fraction of weight for fittings (ALAL)
: W35L + L =81 L = & 1b. lices 21 1b, fittings

Assuns .30 as gmcunt of return lines 3 x 21 =~ 6.3 lbs.
57 (6.3) = 3.6 1bs. Return lines at 5000 psi

2.00 (21 - 6.3) = g_‘;:_la_lb" Pressure lines a‘F'SOOO psi

Fitting loss = 12 1b. = 12/21 = 574
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TABLE H-3%
H-b
WEIGHT COMPARISON 2000 end 5000

3C00 psl 5000 PSI

ITRM WEIGHT WEIGHT
Lines & L8
Fittings 21 - 33
Cylinders. : L i
TOTAL ‘ 125 122

If a batter fitting were developed, considerable weight and space

caving could be accompiished. Lacking this und considering approximation

of this onalysis there is no justification of designing to a higher pressure.
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NORTH AMERICAiIi AVIATION

TABLE H-l,
H-9

e Ll A by

ey

i Utility System Welght Breakdown

Typical Airplane

Powsr System

Main Pumps

Reservoir .

Press and Fitting Equipment
0il and Air Filters

- Accumulators .

Valves

Relief

Restrictor

Check

Speed Braks

Landing Geur and Brake

Actuators

Landing Gear
Speed Brake

Tubing and Fittings

Power 8ystem
Landing Gear and Brake
Speed Breoke

Fluid

9.9 Gal.

Miscellaneous

Supports Fower
Clips und Migcellansous

_EE— » -13;

L 18y

ey ‘ .300 - |

1
13 _ ,
1, 05
268

TR 4T 90 LA s Y
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