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SECTION 1

INTRODUCTTION ;

The Component Data Handbook was written to assist the Aircraft Hydraulic
Dynamic Analysis Computer program users in obtaining the necessary input
data for the programs mathematical models. The handbook is a catalog of essential
component data parameters for the Hydraulic System Frequency Response (HSFR) computer
program, the Steady State Flow Analysis (SSFAN) computer program, and the Hydraulic
Transient Analysis (HdYTRAN) computer program.

The component data reflects hardware used in aircraft hydraulic systems.

Adequate component commonality exists to allow the user to apply the data to other
types of hydradlié systems. However, the user should review the computer simulation
to assure anticipated system performance.
Many of the component input variables were chosen to simplify the models
and reduce computer running time. In a few cases, the program input data is not an
easily measured parameter. For these situations the input data reflects desired
performance characteristics. The user must be aware that the component data is
specialized to perform a defined task and adjust it accordingly.
1. Purpose
The componrent data handbook provides a catalog of input data on existing
I components from coﬂputer simulqtious. The data can provide valid results to judge
hydraulic system performance and define potential problem areas.
' 2. Organization

)
The data requirements for the SSFAN, HSFR, and HYTRAN programs are listed

-~

for the modeled components, Data common to more than one program is noted. Appropriate
figures are included which show where the dimensional data should be taken. The
data items are explained either by a figure, a short explanation of the item, or a

reference to the appropriate section in the user or technical manual.

- T 4 e b e oL s e 18 L e Tk 8 S v s L A 3 <




After the data requirements list, a data bank for each component

by computer program is presented. The data was acquired by MCAIR during

aircraft hydraulic system dynamic analysis verification tests, the Space
Shuttle Orbiter Hydraulic System Simulation, and F-4, F-15 and F-18 Hydraulic
System simulations. This provides the user with representative data for components
modeled in the Hydraulic System Performance Analysis programs. The data bank
is intended to be a source of component data for simulations when the exact
component data is unavailable.

Additional component data can be obtained from the final reports of the
Aircraft Hydraulic Systems Dynamic Analysis Program and the Advanced Fluid System
Simulation Program (Ref. (1), (2) and (3)). Further data can be found in the

HYTRAN (Ref. 4), HSFR (Ref. 5), and SSFAN (Ref. 6) user manuals.
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SECTION 1T
COMPONENT DATA

1. TUBES

Hard metallic tubes are the primary power carriers in aircraft hydraulic

systems. Such tubes are used to interconnect all of the system components

to provide the desired flow paths.
Many different tube sizes, materials, and wall thicknesses exist to

cover the many requirements of aircraft hydraulic systems. Figure 1 shows

two hydraulic tube parameters. Figures 2 , 3 , and &4 provide hydraulic

tubing iqformation for three fighter aircraft with 3000 psi hydraulic systems.

Wall Thickneas

W' Y
Tube 0.D. d

TTGURE 1] HYDRAULIC TURE PARAME T s




iLlement ‘Cype: TUBE SSFAN HSFR HYTRAN 1§

- Jsni] A

Program

Element Type

Data Parameter Dimensions

Outside Diameter IN Zﬁ§

Wall Thickness IN

Bends DEG Eﬁ?f
Length IN

Length Increase Due to Fittings %

Modulus of Elasticity LB/IN?

Notes: ZQXTYPE 0 -~ Normal Line
TYPE 2 - Lossless Line
TYPE 10- Dead Ended Line

[CXOption of 0.D. nr Tube Dash Size




MODULUS OF

TUBE 0.D. MATERIAL  WALL THICKNESS| "ol O NOTES
(INCHES) (INCHES) (La/Tn)
.250 Aluminum .035 9.9x10°
.250 St. Steel . 020 29x10°
3125 Aluminum 062 9. 9x106
.3125 St. Steel .020 29x106
.375 Aluminum . 049 9.9)(106
.375 St. Steel .022 29x10°
. 500 Aluminum .028 9.9)(106 Return Only
.500 Aluminunm 065 9.9x10°
.500 St. Steel 028 295108
.625 Aluminum 028 9.9}{106 Return Only
625 St. Steel 035 295105
.750 Aluminum .035 9.9x106 eturn Only
.750 St. Steel .020 29x10 © Return/Suct.
.750 St. Steel 042 29x106
1.000 Aluminum .035 9.9x10° Return Only
1.000 St. Steel .020 29x10° Return/Suct.
1.000 St. Stecl 058 29x10°
1.250 St. Steel .020 29x10° Suction Only

FI1GURE 2

e RAE YRR

F-4 TUBING DATA




TUBE 0.D. MATERIAL WALL THICKNESS | MODULUS OF NOTES
(INCHES) (INCHES ?;gf?;g}fY
.250 Aluminumr .020 9.9x106 Return Only
.250 Titanium .016 15x10°
.250 Titanium .028 15x100 Coiled Tube
. 375 Aluminum .028 9.9x106 Return Only
.375 Titanium .019 15x10°
375 Titanium .042 15x10° Coiled Tube
. 500 Aluminum .028 9.9x10° Return Only
.500 Titanium .026 15x106
.500 Titanium .056 15x106 Coiled Tube
625 Aluminum .035 9.9x10° Return Only
625 Titanium ] . 032 15x10°
625 Titanium 071 _lSXLU6 _ Coiledvzube
.750 Aluminum .035 9,9x10° Return Caly
750 Titanium .039 15x100
1.000 Aluminum .042 9.9x10° Return Ounly
1.000 Titanium .051 15x10°
1.250 Aluminum . 049 9.9x10° Return Only
1.250 Titanium . 065 15x10°0
1.500 Titanium .032 15x100 Suction uUnly

FIGURE

3 F-15 TUBING DATA

6
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TUBE 0.D. MATERIAL WALL THICKNESS| MODULUS OF NOTES
(INCHES) (INCHES) ELASTICITY
' (LB/IN?)
. 250 _Titanium .016 15x10°
250 Titanium .028 15x10° Coiled Tube
175 Titanium .019 15x10°
375 Titanium .042 15x100 Coiled Tube
.500 Titanium 026 15x108
. 500 Titanium 056 15%106 Coiled Tube
. 625 Titanium 032 15x106
.625 Titanium .071 15x10° Coiled Tube
L7150 Titanium .039 15x106
1.900 Titanium 026 15x106 Return Only
1.000 Titanium .051 15x10°
1.250 Titanium .032 15x106 Suction Only
1,250 Titanium .065 15x100
1.500 Titeaium | 032 15%10° Suction Only

FIGURE 4 F-18 TUBING DATA
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2. HOSES

[

Flexible hydraulic hoses are multi-layered {(Figure & ), fluid carrying,

high pressure hoses used to connect moving hydranlic components (such as moving
body actuators) to rigidly clamped supply and retusrn tubes.

In general, usage of flexible hoses is discouraged in aircraft hydraulic
systems because of their weight and short service life. Their advauntage over
rigid lines and design motion tubing is in high vibration (gun drives, engine
mounted pumps) environments and quick change applications.

Design and construction of hoses varies from one manufacturer to another.
As a result of this, there is no hard relationship between a hose's dash
size and the data needed to modei it in HSFR, SSFAN, or HYTRAN. Figure 6
tabulates data of some hoses that have been modeled and Figures 7 and 8
show how inside diameter and hose bulk modulus vary with dash size for thesa

hoses. All of these hoses were utilized in 3000 psi hydrauwiic system

applications.
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Element Type: FLEXIBLE HOSE

L

Data Parametevr

Progra

SEFAN { HSFR HYTRAN

m

Elrment

Type KTYPE 1

Size Dash #
Inslde Diameter IN
Length IN
Bends Degrees
Bulk Modulug PSI
Type & Number of Fittings -

Fluid Properties.

Refer to User's

NOTES: ZCX Function of Hose Bulk Modulus (Figure 6 ) and Simulation

Manual (Ref. 4)

HOSE SIZE INSI?ENB£$§§TER BU%§3¥?DULU8
-4 .195 59312
~-10 .540 166201
-12 .602 236129
-16 .875 3284¢€1
L -

FIGURE 6 HYDRAULIC HOSE DATA
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3. VARIABLE DELIVERY PISTON PUMPS

Variable delivery axial piston pumps see widespread use in aircraft
hydraulic systems as main flow sources. Such pumps, as illustrated by Figure 9 ,
respond to varying system flow demands by increasing or decreasing the pumping

piston stroke,

Pump Inlet Pump Outlet

_ Pump Cace

Valve l -_] "

Area 5

Valve Spring

Pumping
Pistons

Hanger Pisten
¢ Compensator Valve

CLALATEARS LU AL LA R AR ALY

A e I e e G S

AATVLLAR VAR RARRAIRRARRNARY
AANTURURRUCOURROOONRX Y

AR

Hanger

Spring '
P Swash Plate

FIGURKF 9 PRESSUKRE COMPENSATED, VAKIABLE Y1 JVERY, AXIAL PISTON PUMP
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The compensator valve/spring combination is sized to balance at the desired
pump outlet pressure. When the outlet pressure drops below the desired value
because of increased flow demand, the compensator valve ports the fluid trapped
in the hanger piston into the pump case and the hanger spring increases the
swash plate angle, thereby increasing the stroke of the pumping pistons. If
this increased flow capability is sufficient enough to raise the outlet pressure
above the desired level, the compensator valve ports high pressure fluid to
the hanger piston which decreases the swash plate angle and thereby decreases
the outlet flow. In this way, the compensator valve is able to maintain the
desired outlet pressure and vary its flow output to supply system demands.

These pumps have three ports. The suction port, through which the fluid
enters the pump; the pressure port, through which fluid (at high pressure) leaves
the pump, and the case drain port, which provides a path for compensator valve
discharge and any internal pump leakages to return to the low pressure portion

of the system.

Figures 16 , 11 and 12 show some of the data paramcters necessary

tor thc HSFR pump model. Specific pump data for all three program= is given

by Figures 13 , 14, and 15.

13
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Element Type: Variable Delivery
Piston Pump

(Page 1 of 4)

Data Parameter

v 727227

Program

: | usrr | nyTrAN
| s 51,53, 54
NS

Element Type

Suction Port Size IN or Dash #
Pressure Port Size IN or Dash f#
Case Drain Port Size IN or Dash #
Pump Operating Speed RPM

Rated Pump Speed RPM

Rated Output Flow GPM

Rated Pressure at Zero Flow PS1T

Rated Pressure at Full Flow PSI

Rated Minimum Suction Pressure PSIA
Rated Maximum Case to Inlet AP PSID
Rated Case Drain Flow GPM

Rated Case Pressure PSIG
Cylinder Slot Radius (R1) IN
Cvlinder Slot Width (SLOTW) IN
Cylinder and Valve Plate Slot Center-— N

line Radius (RV)

Cylinder Centerline Radius (RBORC) IN

Picton Diameter (DIAPIS) IN
OiIAVolume - Piston @ Midstroke IN3

to Port Face (pPovul)

Valve Plate Pressure Slot Radius (R2) IN

Valve Plate Suction Slot Radius (R4) IN

L - I T R Ty T e T T P T cac s

14




(SRR g Lo bt A s =N e ORI it b > AN IR o i e ol R NGRSO N SIS e TR i Py A AP RS -  Sing]

Element Type: Variable Delivery
Piston Pump
(Page 2 of 4)

Program

Element Type

Dimensions

Data Parameter

Maximum Swash Angle DEG
Internal Leakage @ Input Steady
CIS
State Pressure
Swash Plate Fixed Cross Angle (ANGCR] DEG
Valve Plate Pressure Slot Start DEG
Angle_(THPRS) :
Valve Plate Pressure Slot End
Angle (THPRE) DEG
Valve Plate Suction Slot Start DEG
Angle (THSUCS)
Valve Plate Suction Slot End DEG
Angle (THSUCE)
Suction Port Steady State Pressure PSI
Swash Plate Centerline Offset (HOFF) IN
Maximum Swash Plate Actuator
Displacement IN
Swash Plate Actuator Lever Arm @
Zero Angle N
Pumping Piston Mass LB*SECZ/IN
Steady State Case Pressure PSI
Case to Inlet AP at Zero Case Flow PST
Swash Plate Actuator Diameter IN
Outlet to Actuator Valve Opening PSIT
| Pressure . ‘
Valve Spring Rate LB/IN
Compensator Valve Area INA
S1lot Width IN
Flow Force On Spuol LB




Element Type: Variable Delivery
Piston Pump
(Page 3 of 4)

Data Parameter

Program

SSFAN § HSFR

Element Type

Dimensions

I B

Valve Overlap IN
Discharge Ccefficient Outlet to -
L_Actuator
Discharge Coefficient Actuator _
to Case
2
Actuator Area IN
Actuator Pressure Due to Spring PST
Force at Zero Pump Displacement
Actuator Pressure Due to Spring PSI
| _Force at Maximum Pump Displacement
Actuator Pressure Due to Piston )
Acceleration @ 3600 RPM INT/SEC
Actuator Pressure Input at 3600 RPM PST
and Zero Pnmp Nisplacement
Actuator Pressure at 3600 RPM and PST
L Maximwp Pump Displacement :
Slope of Pressure vs. RPM Curve PSI/RPM
Hanger Damping PST/IN/SEC
Theoretical Maximum Pump Displacement IN3/REV
' Maximum Actuator Displacement IN
@ Maximum Flow
Minimum Actuator Displacement IN
@ Mipimum Pump Flow
Coefficient o? Actuator Leakage C1S/PST
1@ Zero Pump Displacment —
Coefficient of Actuator Leakage ' C1S/PST
@ Maximum Pump Displacement . S
) Coefficient of Pump Leakage - e
Qutlet to Cace ('IS/PSI
Coefficient of Pump Leakage -
C PST
Case to Inlet 15/PS
Case Volume 11\1\3
Minimur Inlet Pressure PSTA

16
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Element Type. Variable Delivery
Piston Pump
(Page 4 of 4)

Data Parameter

goefficient of Offs?t Outlet Flow CIS/IN/SEC
e ta Actruataor Motian
Maximum Valve Displacement IN
Pressure at Which Valve is Open From
PSI
OQutlet to Actuator
Hanger Inertia Referred to the LB*SECZ/IN
Actuator
Actuator Volume IN3
3
Qutlet Volume IN
. 2
Piston Area IN
Hanger Actuator Lever Arm from IN
Hanger Pivot at Mid Stroke
Flat Depth IN
Minimum Actuator Engagement IN
2
Case Drain Port Area IN
9
Rotating Group Mass LB*SEC“/IN
' Radius of Valve Port IN
Hangzr Offset IN

NOTES:
Zﬁk KTIYFE 21 For Pressure Acoustics
KTYPE 22 For Pressure Acoustics & Hanger Torque

KTYPE 23 For Pressure and Return Acoustics & Hancer Torque

TYPES 51 & 54 Only

2N
/A TYPES 51 & 53 Only
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—Qh‘?hu Offset (HOFF)
+ =7 Cylinder Block §

+

r_—'\S\msh Plate Axis

|
21—
Cross Angle (ANGCR)"‘B‘

-+ — Cylinder Block §

/—Swnh Piate {Yoke)

Axis for Control of
Variable Swash Plate Angle

FIGURE 10 PUMP HANGER PARAMETERS

Pump Rotation

Suction Slot

FIGURE 11 PUMP VALVE PLATE PARAMETERS
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4. RESERVOIRS
Flow-through bootstrap and constant pressure are the two basic types of

reservoirs modeled with the HYTRAN and SSFAN programs. In the HSFR program

the reservoir is represented by a simple volume.

The bcotstrap reservoir shown in Figure 16 1is the type used in various

et

aircraft hydraulic systems. System return fluid passes through the reservoir
before going to the pump suction port. A variation of the bootstrap reservoir
incorporates a two circuit, level sensing capability. Such reservoirs shown in

Figure 17 are used on the F-15 and F-18 aircraft.

The input data requirements for the flow through and constant pressure
reservoirs are listed. The appendix reservoir models in SSFAN
and HYTRAN require the same input data.

SSFAN and HYTRAN bootstrap reservoir data are listed in Figures 18 and 19

= i e R S i

Low Press Piston Area

Connection No. 2

High Press Piston
Area

Connection No. 3

Connecticn No. 1 —\ Z 1
4

Connectio:: No. 4 "‘

Connection No. 5

- Volume 2

Zero — Low Press Piston
Stroke Volume 1 Area Exposed to Atmosphere
GPIS-0108 14

FIGURE 16 FLOW-THROUGH BOOTSTRAP RESERVOIR
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Low Pressure Piston Area

Connection No. 2

High Pressure

Connection No. 3 Piston Area

Connection No. 6

Shutoff Valve

.........................

Shutotf Valve

Connection No. 7 T— \ Volume 2

............................

Connection No. 5

Low Pressure Piston

Zero Area Exposed to Atmosphere

Stroke Volume 1

Connection No. 4

GPTI-0081-27

FIGURE 17 LEVEL SENSING BOOTSTRAP RESERVOIR
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Element Type:

Reservoir

Program

Element Type

L

Data Parameter

Dimensions

SSFAN [ HSFR J HYTRAN

Return Port Size

IN or Dash #

Bootstrap Port Size

IN or Dash #

Suction Port Size

IN or Dash #

High Pressure Area IN2
Low Pressure Area IN2
Seal Friction LB
High Pressure Volume at Zero Stroke IN3
Low Pressure Volume at Zero Stroke N3 Figlé6,17
Maximum Piston Stroke IN Figl6,17
Initial Piston Position IN Figlé6,17
Shut-0ff Valve Orifice Diameter
(Circuit A) ‘ IN Fig. 17
Shut-Of f Valve Discharge Coefficient -
(Circuit A) ~ tg. 17
Shut-0ff Valve Orifice Diameter ,

. , IN Fig. 17
{(Circuit B) _
Shut-off Valve Discharge Coefficien{
(Circuit B) - Fig. 17
teference Pressure PS1 [3§ 3

Notes: _1  TYPE 9 - Flow Through Bootstrap
91 - Appendix
92 - C(Constant Pressure

2 TYPE 61 - Constant Pressure

62 - Bootstrap

63 - Two Circuit, Level Sensing, Bootstrap

27
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5. FILTERS

Hydraulic system filters are used to trap particle contaminants in the
fluid. Such particles, if allowed to circulate, cften cause system fallures
by plugging orifices, binding valve spools, and scoring moving surfaces.

HSFR, HYTRAN, and SSFAN model bowl type filters with renewable elements
(either throw-away or cleanable). Such filters are often used in central power
system applications to filter pump case drain flow, and system flow in both the
supply and return circuits. These type filters are also occasionally used upstream
of components that are especially sensitive to particle contamination. 1In central
system applications, supply, return and case drain filters are often manifolded
together to reduce weight and improve maintainability. The HYTRAN component #82
is a model of just such a filter manifold.

HYTRAN and SSFAN allow the capability of modelling either bypass type filters
or non-hypass filters (Figure 20 ). HSFR is concerned only with
the volume effects of the filter, not what type of filter it is.

Figure 21 provides specific data on existing filters that have been modelled
and Figure 22 illustrates the contamination factor relationships necessary to model

these filters in HYTRAN.

Non-Bvpass Filter

Bypass Filter

FIGURE 20 BYPASS AND NON-BYPASS FILTERS
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j Element Zype: Filter Program ssFAN | HSFR | mHYT
f ) Element Type 6 gggg g 81,82,8
lé l-,, Data Parameter Dimensions E§/>,//7557V Z 7 s f
% Inlet Size Dash #
K Outlet Size Dash #

Internal Fluid Volune IN3

Rated Flow of Clean Element 5PM

Rated Pressure Drop of Clean Element PST

Fluid Viscosity @ Rated Conditions Centistokes

Contam%nation Factor -

Relief Valve Cracking Pressure PSI

Bypass Pressure Drop @ Rated Flow PSt

Inlet Volume 3

Exit Volume N’

Linear Flow Constant PSI/CIS

Non-Linear Flow Constant PST/CIS2 '

Relief Vaive Flow Constant C1s/pSi

Notes: [i§ Type 81 - Non Bypass

Type 82 - Three Filter Manifold with System Relief Valve

Type 83 ~ Bypass

[@3 Type 83 Only
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LINEAR FLOW CONSTANT
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FIGURE 22 HYTRAN FILTER ELEMENT FACTORS
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6. UTILITY CONTROL VALVES i
a. Two-Way 3
The two-way control valve has a direct path from pressure to return and S
a null mode with leakage from high to low pressure. A tyrlcal iwo-way g
valve schematic is shown in Figure 23. g

D 4+ ve Disolaczment
. !

“—~Connection No. 2

N\ GP75.0099 19

FIGURE 273 TWO-WAY CONTL.OL VALVE

Valve specifications usually give the internal pressure drops as a

function of flow for a given fluid end temperature. In w«ddition to these inputs

the HYTBAN and SSFAN programs let the user specify the viscosity of the

el b R

rated fluid. ¥igure 24 presents SSFAN tweo-way control valve data.

2 WA e 2 e e




The HYTRAN vaive routine usec an exteruslly controlled time history

input. The valve opening versus time is devived from tabulated input date.

The valve slut width 1s ~ultiplied by the input values te avrive at the

recrangular slot area. The discharge coeffisient for a sharp-edgea ovifice

is typically 0.6. Valve operating times depend or actual system pressures

and tlows. The Marotta valve (Figare 24) operating time is approximately

10 milliseconds for turn-off transients and up to 30 milliseconds for turn-on

tvansients. The modified Victor valve operating time was 0.2 milliseconds

for bech turn-on and turn-off transients. The F-18 sequence valve is

mechanically controlled. The operating time is tied to landing gear move-

ment .

The valve ingut data for the HSFR program is not limited to two-way

control valves. Typical valves which may also be mcdeled are electro-

hydraulic servo -valves, mechanical servo-valves, and combinations of electro-
mechanical servo-—alves, such as may be found in an integrated actuator package.

The input data for a valve eleument includes the valve gain linearized

at the steady state circuit flow through the valve. Valve gain is expressad

as pressure drop (psi) per unit flow rate (cubic inches per secocnd). Flow

out of the circuit heing analyzed is input for terminating valve elements.

This "overboard flow' is the steady state flow throughk the terminating valve

at the input steady state system pressure. Determination of the valve gain

[y

is given below:

For a valve pressure/flow relationship of the form

P = KQn Where: P = pressure drop (psi)
Q = flow rate (cis)
K = constant

flow exponent




the linearized valve gain (G) may be determlned from

G = :—g R Cants
but K = gﬁ
therefore G = 32.

PRESSURE-VALVE FLOW RELATTOWSHIP

It the valve flow can be charactrrized as an orifice (n = 2}, then the

ZP/

gain is G = The orifice relationshin 1is typical of .:lectrohvdraulic

Q'

servo valve steady state control llow. If the valve flow car be characterized as
: P

laminar for the stead. state condition, then n = 1 and the gain is G = /Q' The

laminar relationship is J&pical for null leakoge fiow arross lapped spooi valves,

e.g. mechanical servovalwes, and the second stage of an electrol.ydraulic val-re.

¢

Parallel valve elements, for ins:tance those within an eleéctro-mechanical
integrated servoactuator, uay be combined for modeling as a single valve elewent

by computing an equivalent gain (Go) fer all the parallel flow paths.

C)Io--
O'H

Aebebe
e 1 7 3

Empirical pressure drop/flow data, if available, should be used tou calculate
the gain at the steady state tlow ccndition. The flow relationship may be

assumed unless tie flow exponent is avallable from empirical data.
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Elemert Type: TWO-WAY CONTROL VALVE -
Togram

Element Type

Data Parameter

t Iniet Port Size IN or DASH #
t

Cutlet Furt Size IN or DASH #

Rated Flow (Inlet to Qutlec) GPM

—

Rated Pressure Drop (Inlet to (utlet) PSI

Fluid Viscosity at Rated Condations Centiscokes

lLeakage Flow (Inlet to Vutlet} GPM

Pressure Drop for Leakage Conditions PS1

Valve Gain PSI/CIS

Circuit Overboard Glow (.18

Valve Slnt Width 1N

Valve Discharge Coefficient -

Valve Positions (From Time = ©.0) IN

— —— —

Operatiang Time (From Time = 0.0) SEC

]
£~

NOTLS: [i; NTYPL Non~-Terminating Valve

1]

NTYPE 14 Terminating Vzlve
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MODIFIED F-18

DATA PARAMETER UNITS MARROTA VALVE VICTOR SEQUENCE

P/N 205883-1 SV 415-9021 VALVE
INLET PORT SIZE DASH # -6 -6 ~4
OUTLET PORT SIZE DASH # -6 -6 -4
RATED FLOW GPM 28.6 40 1.2
RATED PRESSURE DROP PSI 3000. 3000 25
FLUID VISCOSITY AT CENTISTOKES 12.0 12.0 12.0
RATED CONDITIONS
LEAKAGE FLOW GPM .001 -
PRESSURE DROP FOR PSI 3000. -
LEAKAGE CONDITIONS

FIGURE 24 SSFAN TWO-WAY CONTROL VALVE DATA
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b. Three Way

Only the SSFAN program has a three way valve model. The 2 positions

for a 3 way 2 position valve are (1) pressure to C3 port and, (2) the

valve in the null or closed position with leakage from high to low pressure.
Valve specifications usually give the internal pressure drops as a

function of flow for a specific fluid and temperature. The viscosity

for the fluid at these conditions is input to allow for other type fluids

and temperatures. The rated pressure drops at rated flows are input.

SSFAN input data for several three-way control valves is shown in

Figure 25.
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Element Type: THREE-WAY CONTROL VALVE}

Progranm SSFAN § HSFR HYTRAN

o V777772

Data Parameter

Junction 1 (Pressure) Port Size IN or DASH # 3 :
Junction 2 (Return) Port Size IN or DASH #
Junction 3 (C3) Port Size IN or DASH #
§g;e§ Flow from JCT 1 to GPM
Rated Pressure Drop for Rated Flow PSI
iuid Viscosity at Rated Conditions Centistokes
Leakage Flow from JCT 1 to JCT 3 GPM

Pressure Drop for Leakage
Conditions PSI
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¢. Four-Way

Four-way valves (Figure 26) are the components generally used to control
reversible utility functions in aircraft hydraulic systems. As illustrated by
the SSFAN operating code, Figure 27, a single four-way valve can be used to
command an actuator (or group of actuators) to either extend, retract, or hold
their position.

The utility four-way valves that have been modelled in HYTRAN thus far are
usually full-trail configuration valves. As such, when the valve spool is
in the null position (position = 0.0), the pressure port is blocked and both
cylinder ports are connected to return (Figure 28). Such a valve prevents
possible hardware damage that can result if pressure is applied to one
side of an unequal area actuator before the other side is ported to return,
or when thermal expansion or contraction of the subsystem fluid does not
have a relief path.

As with the two-way and three-way valves, data presentation for the
four-way valve in Figures 29 and 30 consists of data parameters that have
been used to model specific F-18 and F-15 valves in HYTRAN and SSFAN. No
four-way valve exists in HSFR, but it can be approximated by combinations
of two-way valves. See Section 6a for a discussion of two-way valve

simulation in HSFR.

PRESSURE RETURN

CYLINDER CYLINDER
PORT 1 PORT 2
FICURE 26 ZERO LAP, VoU WAY VALV
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Element Type: Four-Way Control Valve

72 o]
-%///

Program

Element Type

Data Parameter

Pressure Port Size IN or Dash #
Return Port Size IN or Dash #

i Cylinder Port #1 Size IN or Dash #
Cylinder Port #2 Size IN or Dash #
Rated Flow from ""Pressuve" to
Either "Cvlinder" Port GPM
Rated Pressure Drop for Rated Flow PSI
Fluid Viscosity for Rated Conditions |CENTISTOKES
Leakage from "Pressure" to Either

, Cylinder Port (Valve Closed) GPM
Pressure Drop for Rated Leakage PSI
Operating Control Code -
Con #1-2 Projected Cutoff Posicion IN
Con #1-2 Projected Max Open Pos. IN

‘ Con #1-2 Max Effective Valve Area N2

Con #1-2 Characteristic

. Curvature Coefficient —

| Con ##2-3 Projected Cutoff Position IN
Con #2-3 Projected Max Open Pos. IN
Con #2-3 Max Effective Valve Area N2
Con #2-3 Characteristic Curvature

Coefficient -

t Con #3-4 Projected Cutoff Position IN

Con #3-4 Projected Max Open Pos. IN
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Elemeni Type: Four-Way Control

Program
Valve (Continued)

Data Parameter

Con #3-4 Max Effective Valve Area IN2
Characteristic Curvature _

Con #3-4 Coefficient

Con #4-1 Projected Cutoff Position IN

Con 4-1 Projected Max Open Pos. IN

Con #4-1 Max Effective Valve Area N2
Characteristic Curvature

Con #4-1 Coefficient -

Valve Position Table IN

Valve Time Table SEC

Notes: Zﬁk Dependent on Simulation
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PRESSURE ﬁ
RETURN ]

T |

CONTROL CODE 1

J
PRESSURE
'_‘L"_l"_,_ﬁ

PRESSURE

) i T
] Gpa—
@J LINEAR muuoi— f_JCD O LINLAR ACTUATOR ——JO )

CONTROL CODE 2 CONTROL CODE 3

(HIGH RESISTANCE FROM
PRESSURE TO 