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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 procurement operation, the United States Govermment thereby
incurs no responsibility nor any obligation whatsoever; and the fact
that the government may have formulated, furnished, or in any way
supplied the said drawings, specifications, or other data, is not to
be regarded by implication or otherwise as in any manner licensing
the holder or any other person or corporation, or conveying any

rights or permission to manufacture, use, or sell any patented invention
that may in any way be related thereto.

This report was submitted by McDonnell Douglas Corporation,
under contract/B3615-74-C-2016.

The effort was sponsored by the Air Force Aero Propulsion
Laboratory, Air Force Systems Command, Wright-Patterson A.F.B.,
Ohio, under Project No. 3145-30-18 with AFAPL/POP/, and was under
the direction of Paul Lindquist and William Kinzig.

Neil Pierce and Gerry Amies of McDonnell Douglas Corporation
were technically responsible for the work.
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This report has been reviéwed by the Information Office, (ASD/OIP)
and is releasable to the National Technical Information Service (NTIS).

At NTIS, it will be available to the general public, including foreign
nations.
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1.0 INTRODUCTION

SSFAN is a computer program developed to analyze the steady state
flows in a closed aircraft hydraulic system; i.e, where the fluid leaving
the pump circulates through the system and returns to the suction inlet of
the pump, either via a reservoir, or by direct line return, or both, The
program can be used to predict the steady-state subsystem performance, such
as flight contrnl surface rates (under load as well as no load), flap and
landing gear extend and retract times, hydraulic-motor-driven gatling-gun
firing rate, flows and pressures at any point in the system, etc. The
performance is predicted based on operating any combination of subsystems
simultaneously,

The solution method used in SSFAN is based on a one dimensional steady
state flow throughout the network of branch legs in the system,

SSFAN is ccded in FORTRAN IV and currently operable on the
CDC 6500/6600.

SSFAN may be used as an analytical program to analyze an existing system
with all the detail components accounted for in the analysis.

It may also be used as an advanced design or preliminary design tool

to analyze and update new system designs as they are established.

1-1




&
1.1 General System Description

The system to be analyzed is first diagrammed as shown in Figure 1-1,
Junction points are added and numbered, Each component or element in the
system is defined by its physical characteristics and junction point numbers
for input into SSFAN,

1.2 Solution Technique

SSFAN sorts the input data into branch legs from the junction point
numbers and establishes continuity throughout the system, There is a branch
point or end point at the end of each leg., Branch leg resistances are
calculated and summed for all the elements within the leg,

Pressure points are established at each end of the leg, Fluid viscosity
is internally corrected for pressure in each leg by taking the average leg
pressure and using this for the viscosity correction pressure,

The Reynolds numbter is calculated for each leg, Flow is determined
to be laminar, transition or turbulent., Appropriate resistance factors are
used for each flow condition to calculate the pressure drop or resistances
of each leg,

This resistance is temporarily assumed to be linear to use the Matrix

solution technique in calculating pressures at all branch points in the system

where R 12 P12

q

Ry, = [Resistance from end 1 to end 2 of the leg
Pi2 = Pressure drop from end 1 to end 2 of the leg
Q = Flow in the leg

Conductance is then defined as

Gy = L1
Ri2

Conductance from end 1 to end 2 of the leg

where G12

1-2
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then Q = Gy2 P2
The net flow at any branch point (where three or more legs come together)
must be zero,

Therefore the flow requirement is satisfied if

cH + - + =
6, B ~P &40 ] ZK TQg=0
where

pressure at branch point I

o
—
1]

PJ = pressure at branch point J

= a pressure rise or loss (from a pump or actuator)
in branch 1gg J

QIK = Fixed flow in branch leg IK connected to
branch point I

Equations of the above form are input to the Matrix for solutionof pressures
at branch points, These matrix solution pressures are used in conjunction
with the calculated conductance(G) to calculate a new flow guess in each leg,
When two successive flow guesses for all branch legs in the system are within
a specific tolerance such as ,001 gpm, the solution has converged, GSee
Volume II for a detailed discussion of the solution technique,

1.3 General Program Operation [escription

The general SSFAN flow chart is shown in Fipgure 1-2, As the data is
read into the program, it is sorted and stored in the appropriate element
array. Some element data such as tubing bends are calculated for equivalent
lengths as the cdata is read in. The total equivalent length of the bends
for the tube is then stored in the array.

The pump is established as the first component in the system, unless
an accumulator is designated as the pressure source, A search routine
then searches the element data arrays and establishes system continuity
for the total system, If system continuity cannot be established, error

messages are output and the run stops. The branch leg resistances are
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established as the continuity search is made,

A branch leg array is established containing all the active branch
leps., An initial flow guess is made for each leg in the system and pressures
are then calculated at each branch point in the system using a Matrix solution,
A new flow is calculated using the previous guessed flow and the new flow
calculated using the matrix solution pressures, This iteration procedure
continues until the flows in all the system legs have converged to the
desired tolerance,

The data is then output in one more of the available output types.

1.4 Program Limitations

The following limitations apply to the current SSFAN program,
(1) Maximum number of pumps L
(2) Maximum number of reservoirs 1

(3) Maximum tube ar fitting size 3 inch

1-6




2.0 PROGRAM INPUT

Preparation of data for input into SSFAN consists of four basic steps:
(1) The user must draw a schematic block diagram of his system with all
elements shown; (2) the schematic is numbered at all "in" and "out" junctions
of the elements; (3) the system and fluid parameters such as fluid name,
viscosity, density, system operating temperature along with the program
title and data output are selected: and (4) each element is described
with appropriate "in" and "out" junctions along with other physical data
describing the element.

2.1 Data Preparation

2.1.1 Schematic Block Diagram

The partial system schematic block diagram of Figure 2-1 shows how the
system is to be diagrammed. It may be desirable to make the diagram blocks
large enough to add additional reference data such as tube wall thickness,
check valve cracking pressure, etc.

The system to be described may be visualized as shown in Figure 2-2.
The elements of the system are looked at as if they are disassembled for
preparation of the schematic block diagram.

2.1.2 Junction Point Numbering

The point at which two elements meet is called a junction or junction
point. These junctions are numbered using the series of numbers from 1 to
9999. It is recommended that an orderly sequence of numbering be used,
preferably skipping numbers, so that if changes are made later, the new element
numbers can be inserted in the corresponding sequence and will be easy to
locate. It should be noted that this is not required for the computer program,
but is recommended for the users own-benefit.

Figure 2-1 illustrates a typical numbering of junction points. There are

three junction points for the hydraulic pump (5, 10 and 15), two junction

2-1
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points for the -12 union at the pump pressure port (10 and 25) and two junction
points for the -12 check valve (30 and 35).

It is required that all junction points be numbered and that no two
junction points have the same number.

These "in" and "out" junction points are required data for the individual
element data inputs described later.

The program uses these junction points to internally locate each element,
assemble the system and assemble the resistances for each branch leg in the
system.

2.1.3 System Parameters

The system parameters are the first data cards to be assembled in the
data deck, and these six cards are required to be in a particular order as

noted below.
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2.1.3.1 Card 1 - Title Card

The title card allows 80 characters to name the system being analyzed.

This title will appear on all pages of output data. If a title is not given,

a blank card must be inserted.
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2.1.3.2 Card 2 - Fluid Name

This card is used to name the particular type fluid to be printed on the

output data.

SKYDROL 500B, etc.

Fluid names typically are MIL-H-5606A, MIL-H-5606B, MIL-H~83282,

If a fluid name is not given, a blank card must be inserted.

COLUMNS FORMAT DATA DIMENSIONS
1 - 80 8A10 (NAME OF FLUID) -
EXAMPLE CARD 2
Fluid Name Data
1) —H-5R KR Wt
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2.1.3.3 Cards 3 and 4 - Viscosity-Temperature

The selected fluid of 2.1.3.2 requires appropriate viscosity-temperature
data. Table 2-1 gives some suggested viscosities for typical aircraft hydraulic
fluids. Input viscosities to SSFAN are at atmospheric pressure. Viscosity and
temperature units are centistokes and degrees Fahrenheit respectively. It
should be noted that viscosity values are not consistent between literature

sources, therefore the user is free to select and use his own desired viscosity

data.
TABLE 2-1
Viscosity-Temperature Data
TEMPERATURE VISCOSITY (CENTISTOKES)
(DEG F) MIL-d-5606A MIL-H-83282 SKYDROL 500B MIL-H-5606B
=65 2000.0 11500.0 3500.0 2000.0
-40 385.0 2022.0 600.0 488.0
0 130.0 270.0 155.0 135.0
50 36.0 49.0 36.0 35.0
100 14.6 16.0 11.75 14.5
150 7.7 7.5 7.0 7.5
200 4.8 4.3 4.2 4.6
250 3.4 2.85 2.9 3.2
300 2.4 2.05 2.15 2.4

Input Data on Cards 3 and 4 are used to describe the viscosity-temperature
points. Column 1 on Card 3 and Card 4 contain the same integer number which
is the number of viscosity-temperature points to be input with a minimum of 2

and a maximum of 9.

Card 3 contains a viscosity at a point while Card 4 contains the corresponding

temperature at the point.
Viscosities and temperatures must be in corresponding fields on their

respective cards. The temperatures must be input in ascending order.
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COLUMNS FORMAT DATA DIMENS IONS
1 1 NUMBER OF DATA PTS g 22’( =
2-8 7X BLANK -
9-16 F8.3 VISCOSITY 1 CENTISTOKES
17-24 F8.3 Y 2 -
25-32 F8.3 o 3 “
33-40 F8.3 o 4 "
41-48 F8.3 " 5 u
49-56 F8.3 " 6 "
57-64 F8.3 s 7 -
65-72 F8.3 . 8 "
73-80 F8.3 " 9 .
EXAMPLE CARD 3
Viscosity Data
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COLUMNS FORMAT DATA DIMENSIONS
1 11 NUMBER OF DATA PTS.g mﬂ s
2-8 7X BLANK -—
9-16 F8.3 TEMPERATURE 1 DEG F
17-24 F8.3 o 2 "
25-32 F8.3 i 3 "
33-40 F8.3 " 4 "
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49-56 F8.3 L 6 .
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65-72 F8.3 ‘ " 8 "
73-80 F8.3 L 9 i
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2.1.3.4 Card 5 - Density-Temperature and Viscosity

Density-Temperature - The density of the selected fluid is input for 2

points only since density is considered to change linearly with temperature.
Usually these are given at extreme temperatures, but any 2 reasonably spaced
temperatures will do since interpolation is linear and linear extrapolation
is allowed. Table 2--2 gives some suggested aircraft hydraulic fluid densities

at atmospheric pressure.

TABLE 2-2
Density-Temperature

TEMPERATURE DENSITY (LB/FT3)
(DEG F) MIL-H-5606A | MIL-H-83282 | SKYDROL 500B | MIL-H-5606B
-65 56.1 56.6 68.8 5«2
275 49.9 48.6 59.5 51.0

The input densities for Card 5 are weight densities. The first data
field density corresponds with the third data field temperature and the second

data field density corresponds with the fourth data field temperature.
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CARD FORMAT

COLUMNS FORMAT DATA DIMENSIONS

1-8 F8.3 DENSITY 1 LB/FT3

9-16 8.3 DENSITY 2 LB/FT3

17-24 F8.3 TEMPERATURE 1 DEG F

25-32 F8.3 TEMPERATURE 2 DEG F

33-80

BLANK

EXAMPLE CARD 5

DENSITY~TEMPERATURE DATA
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2.1.3.5 Card 6 - System Temperature Flight Altitude and Data Output

The desired operating fluid temperature and flight altitude are input
on this card. Temperature is in Degrees Fahrenheit and flight altitude is
in feet. A zero flight altitude is sea level. The SSFAN program is also
capable of running at temperature increments specified by the user. Finally
a series of number codes for various types of outputs. See Section 3 for

examples of the output types listed below.

Output
Code Number Description
(Columns 33-64)
1 = Element Input Data
2 = Flow and Pressure
3 = Pressures at Branch Points

and End Points

4 = Selected Component Flows
and Pressures

Branch point pressures include pressures at tees, and the inlet pressure
to an actuator. End point pressures include pressures at an accumulator, the
pump suction, pressure and case drain ports and the reservoir internal and
bootstrap port pressures.

Array Output

Code Number
(Columns 65-72)

1 = Leg assembly data, ILEP array,
calculation parameters (number of
nodes, number of legs), PQL array,

BLEG array
2 = PQL and BLEG arrays
3 =  BLEG array

The ILEP array contains the system leg numbers with their up and

downstream node numbers. The PQL array has the system pressures and any
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external flows to or from a node. The BLEG array is used in the steady
state computation and it contains all the leg flow and pressure drop infor-
mation. If 2 and 3 are selected from the array output code, PQL and BLEG
will be printed for each iteration of the steady state program. Volume VI
of AFAPL-TR-76-~43 tontains a further description of how these arrays are
used and their contents.

Data field 1 contains the system operating temperature. Field 2 and
3 are for the final temperature and temperature increment. These may be
left blank if not used. Field 4 is for the flight altitude in feet. A
blank or zero indicates sea level altitude.

Data fields 5 through 8 are for selected type output data. If field 5
is left blank, the output will be types 1 and 2 above. Any one, combination
of the four, or all the four type outputs may be specified. A suggested
procedure is to use output 1 along with other outputs until the input data
has been verified to be correct.

The ninth data field contains the output code for the arrays listed

above.
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COLUMNS FORMAT DATA DIMENSIONS

1-8 F8.3 TEMPERATURE DEG F
9-16 F8.3 FINAL TEMPERATURE DEG F
17-24 F8.3 TEMPERATURE INCREMENT DEG F
25-32 F8.3 ALTITUDE FEET
33-40 F8.3 OUTPUT CODE NUMBER L

(OPTIONAL 1,2.3, AND 4)
OUTPUT CODE NUMBER
41-48 Fi.3 (OPTIONAL 1,2,3, AND 4) S

so =g F8. 3 OUTPUT CODE NUMBER
(OPTIONAL 1,2,3, AND 4)
OUTPUT CODE NUMBER
(OPTIONAL 1,2,3, AND &) .
ARRAY CODE NUMBER
(OPTIONAL 1.2, AND 3) =

57-64 F8.3

65-72 F8.3

EXAMPLE CARD 6

System Fluid Temperature - Altitude - Output Data Type
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2.1.4 Element Data

Elements are identified by numbers 1 through 99 in SSFAN., The most commonly

used components are established as the lowest numbers,

identification numbers is shown below,

are reserved for development of future element models,

Element Type Description Element Type
1 Tube 32
2 Union 33
a3 Check Valve 3
4 Simple Actuator 35
5 Pump Variable Del, 36
6 Filter Assy 37
7 Accumulator 38
8 39
9 Reservoir-Flow Through 40

10 Special (Flow vs,AP) 41
Tl Hose 42
12 Heat Exchanger 43
13 b
14 45
15 L6
16 L7
17 48
18 49
19 50
20 51
21 450 Elbow 52
22 90° Elbow 53
23 Reducer Sk
24 Tee 55
25 Cross 56
26 (Reserved for Fittings) 57
27 58
28 59
29 60
30 61
31 Restrictor-1 Way 62

2-14

The general system of

As noted, there are unused numbers which

Description

Restrictor-2 Way
Relief Valve

Sol. Valve (4W-3P)
Sol. Valve (3W-2P)
Sol. Valve (2W-2P)

Servo-Actr (Deleted)

(Reserved for Pumps)

(Reserved for Filter
Manifolds)




Element Type Description Element Type Description

63 (Reserved) 81 (Reserved)

o4 82

65 83

66 84

67 - 85

68 86

69 87 :

70 88

71 89

72 90

23 91 Reservoir-Appendix
i 92 Reservoir-Constant
79 93 Pressure
76 ol

77 95

78 96

79 97

80 98

Individual element data cards do not have to be arranged in any particular
order, except that if 2 or more data cards are required to describe one element.
These cards do have to be in order. SSFAN sorts the element data and establishes
continuity using the junction point numbers.

In tﬁe interest of using terminology which is familiar to aircraft hydraulic
system designers and minimizing standard data input, the convention of using
equivalent tube size is available as an option. For example the user may input
for a tube either the actual tube 0.D. in inches or the equivalent tube size in
16ths of an inch. The same is true for a fitting internal bore. The actual fitting
internal bore may be input or the equivalent tube size may be input. The sizes
and diameters listed below are currently used in SSFAN. The internal fitting bores
established are the MS33649 and MS33656 series. These may be changed to any other

set of standards desired by the user.

The system tubing and fittings are limited to a 3 inch maximum

diameter or size,
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SIZE OPTION 1
The diameters listed under the '"Actual' columns below are currently
programmed into SSFAN and will be used for calculation when the equivalent
tube size option is used, The equivalent tube size is input in the size
column for element data, For example, when the user inputs 4, into a
size column, the program uses a ,25 diameter for a tube or a ,172 diameter

for a fitting bore an’ an internal port diameter,

Equivalent Actual Actual (MS)
Tube Size (16ths In.) Tube 0.D. (In.) Internal FTG Bore (In.)
4 D 1 T2
5 .3125 .234
6 .375 .297
8 .50 .391
10 .625 . 484
12 7D .609
16 1.00 .844
20 1.25 1.078
24 1.50 1.312
28 LTS 1.547
32 2.00 1.781
40 2.50 2,281
48 3.00 2.781

51ZE OPTION 2
The user has the option to input directly a tube outside diameter or

the internal port or fitting bore diameter,

The format for all element input data has been established as follows:

(1) Column 1 of the first data card describing an element
contains the number of cards (1 or 2) required to describe
the element, This is always an Integer (no decimal
point following the number).

(2) A1l other element input data requires a decimal point
following the number regardless of whether or not

the number is a whole number,
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2.1.4.1 Type 1 - Tube -

Wall

Junction 1 -\ i L i /—Juncnon 2 Thickness
Tube ¢ ——F= o= : ~

Size
Size
Option 1 (0.D. in 16ths of an in.)
Example: 10 = 5/8 in.

or
— Option 2 (Actual Tube O.D. in in.)

‘] 7 Example: 0.625 in. = 5/8 in.
B3 = 90°

Junction 1 B1> 90°

Tube @
Junction 2

B4 < 90°

GP740Q7728

ELEMENT TYPE 1- TUBE

A tube element is a rigid pipe and may have bends and flared ends. Also,
end nuts or "B" nuts may be attached. The tube element parameters are input
on 1 or 2 data cards depending on the number of bends in the tube. If 4 or
more bend angles are input, 2 data cards are required.

Junction point numbers are the assigned numbers from the block diagram.
(Example: 230. and 235.). Size is the tube outside diameter and may be input
as either option 1 or 2 shown above.

Wall thickness and tube length are in inches. Tube length is the length
of the unbent tube. Bend angles are in degrees and are measured at the tube
center line using the straight section after a bend as a zero reference for
the next bend.

NOTE: Bend angles are converted to equivalent lengths as the data is read
into the program. Output Type 1, see Figure 3-3, shows these bends as

a total equivalent length for the bends.
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CARD 1 FORMAT

COLIMMS FOPMAT DA TA DIMENSICNS
1 n (NUMBER OF CARDS) 1 or 2 -—
2-8 7X BLANK .
9-16 F8.3 (ELEMENT TYPE) 1. b

17-2L .3 JUNCTION 1 -~

25-32 F8.3 JUNCTION 2 —

33-40 F€. 3 SIZE IN. (See Options)
41-LAR ™M 3 WALL THICKNESS IN.

149 S R, 3 LENGTH IN.

57-64 FR.3 BEND 1 DEG

65-72 FR.3 BEND 2 .

73-80 F8.3 BEND 3 =

CARD 2 FORMAT (IF REQUIRED)

COLUMNS FCRAT T TA NIFFIGIC
1-8 8.3 BEND 4 DEG
9-16 FR.3 BEND 5 "

17-24 3 BEND 6 »
25-32 F8.3 BEND 7 .
33-40 FR.3 BEND 8 t
h1-48 R, 3 BEND 9 "
L9-56 F8.3 BEND 10 "
57-64 F8.3 BEND 11 "
65-'80 BLANK po—
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2.1.4.2 Type 2 - Union

Size 1 Size 2
)\
= i

Junction 1 Junction 2

Size 1 and Size 2

Option 1 (Fitting End for Tube Size in 16ths of an in.)
Example: 4 = 0.172 |.D.

or
Option 2 (Actual Fitting 1.D. at End for Size 1 and Size 2)
Example: 0.172 in.

‘ GP74-0772-6

ELEMENT TYPE 2- UNION

A union is a connector commonly used to join 2 tubes or join a tube to
a component such as a valve. The union may be a threaded or permanent type
and is considered to be a constant diameter throughout its length. It should
fot be confused with the Type 23 reducer fitting.
3 *  The number of data cards required is always 1. Junction point numbers
1 and 2 are the assigned numbers from the block diagram (Example: 245. and

250.). Size 1 and Size 2 are equal and reflect the fitting internal diameter

as option 1 or 2 shown in the above sketch.
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CARD_FORMAT

COLUMNC FCRIMAT A TA DIrSHG 10T
) n (NUMBER OF CARDS) 1 —
2-8 7X BLANK -—
9-16 F&.3 (ELEMENT TYPE) 2, -—
17-24 8.3 JUNCTION 1 -—
25-32 F8.3 JUNCTION 2 ——
33-40 FE.3 SIZE 1 IN. (See Options)
L1-LR ¥R 3 SIZE 2
4q- 80 BLANK -——
EXAMPLE
TYPE 2 UNION INPUT DATA
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2.1.4.3 Type 3 - Check Valve

e 1 Size 2
Junetion 1 1 +1-
(Always “In" _
Free Flow Direction) Junction 2

Size 1 and Size 2

Option 1 (Fitting End for Tube Size in 16ths of an in.)
Example: 8 = 8/16 in.
of
Option 2 (Actual Fitting I.D. at End for Size 1 and Size 2)
Example: 0.391 in.

GP74.07721

ELEMENT TYPE 3 - CHECK VALVE
A check valve may be a ball type, guided poppet type or any other type. Its
main purpose is to permit flow in one direction only. In the "free flow"
direction as shown above, the pressure drop is normally low. The check valve
should not be confused with the Type 31 one-way restrictor which allows a
smaller restricted flow in the direction opposite ''free flow.'

One data card is required for the check valve input. Junction point
numbers 1 and 2 are assigned numbers from the block diagram. (Example: 90. and
190.) Junction point 1 is always at the "in'" port with flow going in the
"Free flow'" direction. Sizes 1 and 2 are the fitting end internal bore diameters,
see options 1 and 2 above. The nominal check valve cracking pressure is

normally input, but minimum or maximum cracking pressure could be used if

desired.
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CARD FORMAT
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2.1.4.4 Type 4 - Simple Actuator

Total Stroke

Pistion Position =0

Junction 2

Junction 1
{Always the Extend
Port of Actuator)

Rod Seal

+ —~—-——
External
Load

-

A2 Net Area to
Retract Actuator

Size 1 and Size 2

A1 Net Area to

Extend Actuator )
a Piston Dia

Option 1 (Boss for Tube Size in 16ths of an in.)

Example: 4 = 1/4 in.

Option 2 (Boss I.D. inin.)
Example: 0.172 in.

GP740772 2

ELEMENT TYPE 4 - SIMPLE ACTUATOR

The simple linear actuator is used to convert the system fluid power to
linear mechanical motion, and is usually controlled by a valve. The piston
and rod seals provide a viscous drag or damping force always opposing the
direction of motion of the piston. There are several types of simple linear
actuators all of which are Type 4. The above sketch shows an unbalanced
(unequal areas) type. Other Type 4 actuators are balanced (areas same both
sides of piston), partially balanced, parallel and tandem. (See Volume II)
One data card is required for input parameters. Junction 1 is always assigned
to the extend port. Sizes 1 and 2 are noted as optional input. The net areas
acting to extend and retract the piston are input along with an external load.
A positive (4) load resists actuator extension and aids actuator retraction.
The net seal friction force is calculated as: SEAL FRICTION FORCE(LB) = 10X(SUM
OF THE DYNAMIC SEAL 0.D.S). Piston diameter, total actuator stroke and initial
A

piston position are also input. A piston postion of 0 is when the actuator in

the full retracted position.
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CARD 1 FORMAT

COLIMNG FCPMAT A TA DIMEEGICH
1 N (NUMBER OF CARIS) 1 -—
2-8 7X BLANK =
9-16 2.3 (ELEMENT TYPE) &4, -——-
17-24 FR, 3 EXTEND JUNCTION 1 -
25-32 F8.3 RETRACT JUNCTION 2 -—
33-40 .3 SIZE 1 IN. (See Options)
L1-48 R 3 STZE 2 IN. (See Options)
4g-5¢ FR .3 EXTEND AREA - IN
57-64 7P.3 RETRACT AREA IV
€5-72 re. 3 SEAL FRICTION LB
73-80 8.3 EXTERNAL LOAD LB

CARD 2 FORMAT

ApT i FCRVAT DATA DLENSICES
1-2 18,3 TOTAL STROKE IN
0-1€ F8.3 PISTON POSITION IN

17-24 e FS.3 PISTON DIAMETER IN
S 5~32 FE.53 CONTROL VALVE JCT1 --
33~ 80 ¥3.3 BLANK -
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2.1.4.5 Type 5 - Variable Delivery Pump

Junction 3
(Always Case Dra 1 n Port) Size 3 Size 2
co Junction 2
P (Always Pressure Qut Port)

.: S Junction 1

{Always Suction Port)

Size 1, Size 2 and Size 3
Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 16 = 16/16ths of an in.

Option 2 (Boss 1.D. inin.)
Example: 0.844

Size 1

GP714 07723

ELEMENT TYPE 5- VARIABLE DELIVERY HYDRAULIC PUMP

The variable displacement pump outputs flow in response to the load demands
of the system. The pump has a basic flow pressure characteristic curve which
is described by its rated flows and pressures. There is some internal leakage
flow from the high pressure side back to the case drain port and also internal
leakage from the pump case back to the inlet or suction port.

Two data cards are required for the pump input. The suction, pressure

out" and case drain junctions are numbered 1, 2 and 3 respsectively. Sizes
are input corresponding to junction points with options as noted. The pump

actual RPM and rated RPM along with the rated pressures and the rated flow at

rated pressure are also input.
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Ty

The following pump characteristics are optional input parameters.
These are noted in Figure 2-3.

PSMIN - Rated minimum suction or inlet pressure.
Default value is 25 psia.

RCDP - Rated maximum pressure difference between the pump
case and inlet. Default value is 300 psid.

RCDL - Rated flow out the case drain port under pump
rated conditions. Default value is 1 gpm.

PSET - The pump case pressure when setting the rated
flow and pressure. The default value is 50 psig.

If the columns are left blank on the data cards, the default values

will be used.
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CARD 1 FORMAT

coTITe FCRI AT DATA DIMENSIONS
) 18 (NUMBER OF CARDS) 2 -
.0 7 BIANK S
-1 €3 (ELEMEJN—T—;YPE) S ——
1 7=2U 8.7 IJUNCTION 1. (S) -
> 5232 F8.3 JUNCTION 2 (P) T
33=4C 6.3 JUNCTION 3 (CD) ==
[1=lf 8.3 SIZE 1 IN. (See Options]
Ho=5€ F8.3 SIZF 2 IN. (See Options)
-6 8.3 SIZE 3 IN. (See Options]
5-72 F8.3 ACTUAL PUMP RPM REV. PER MIN.
=20 2.3 RATED PUMP RPM REV. PER MIN.

_——

CARD 2 FORMAT

COLIMNS FCRAT T TA NIFENSICNS
1-8 8.3 RATED OUTPUT FLOW GPM
0-16 F8.3 RATED PRESSURE (0 FLOW) PSI

17-24 F8.3 RATED PRESSURL (FULL FLuUw) PSI
2532 FR.3 PSMIN PSIA
33-10 .3 RCDP PSID
=48 F8.3 RCDL GPM
4956 F8.3 PSET PSIG
57- 80 - BLANK .
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EXAMPLE
TYPE 5 VARIABLE DELIVERY PUMP

2 DATA CARDS REQUIRED
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2.1.4.6 Type 6 - Filter

Junction 1

(Always “In” Port) Junction 2
: In Out
——— E— ——-Z
Size 1 —/ \ Size 2

Size 1 and Size 2

Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 12=12/16 in.

Option 2 (Boss I.D. inin.)
Example: 0.609 in.

GP74-07724

ELEMENT TYPE 6 - FILTER ASSEMBLY

Filters are an essential part of all aircraft hydraulic systems. They

_——

are installed in strategic locations to protect components which are sensitive
to contamination. Some filters have bypass relief valves. Type 6 filter is
either a bypass or non-bypass type.

One card is required for input data. Junction 1 is always input as the
inlet flow port. Sizes 1 and 2 correspond to junctions 1 and 2 with options
as noted. The internal fluid volume is input along with the rated flow and
pressure drop of a clean element. The next column contains the viscosity for

the clean element at the rated conditions. The contamination factor is

optional. A blank or 0. is a clean element. A value between 0. and 1. is

the percent the element 18 contaminated. A value of 1. is a full contaminated
element. A factor is input when the user wants to simulate a partially contami-
nated element and not a clean element. If there is a bypass relief, the nominal

r relief setting is input.
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CARD 1 FORMAT

~

COLUMNS FORMI T DA TA DI T05
1 I (NUMBER OF CARDS) 2 ---
2-% 7X BLANK -—
9-16 FE.3 (ELEMENT TYPE) 6. -
17-24 re.3 JUNCTION 1 -
25-32 F8.3 JUNCTION 2 -
33-4C FE.3 SIZE 1 IN. (See Optiox;)—
41-48 F8.3 SIZE 2 IN. (See Options)
Lo-¢€ F8.3 INTERNAL FLUID VOLUME N3
57-6l PR3 gﬁgi'gN;Low OF CLEAN GPM
65-72 re. 3 RATED PRESSURE DROP OF -
CLEAN ELEMENT
73-80 F8.3 ‘C’éfrggﬁgsﬂ Ratsn CENTISTOKES
CARD 2 FORMAT
COLWM'KS FORMAT M TA NIIENSICMG
1-8 8.3 CONTAMINATION FACTOR PSI
9-16 F8.3 RELIEF SETTING PSID
17-24 r8.3 g};égngggssuas DROP AT P
25-80 - BLANK
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TYPE 6 FILTER INPUT DATA

2 DATA CARDS REQUIRED
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2.1.4.7 Type 7 - Accumulator

Gas Charge Valve

Precharge Gas Volume
with Piston Bottomed

vesrsssssses

Size 1

Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 4 = 4/16 in.

Option 2 (Boss I.D. inin.)
Example: 0.172 in.

9200005085800 7 007

VIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIY,

~~~~~~~ SE oSS

N
N
N

Size 1

Junction 1

GP74 0772 6

ELEMENT TYPE 7 - ACCUMULATOR

An accumulator may be a piston type, bladder type, or an air to oil
type. Any of these types can be input as Type 7 because an accumulator power
capability is based on the precharge gas volume, pressure and temperature.
The columns for initial accumulator pressure and A volume interval are used
when the accumulator is the system power source. If numbers are input in these
columns when a pump is the power source, the numbers will be ignored and the
accumulator is considered to be a static element. The column for A volume
interval is for future program development of the accumulator as power source.

The accumulator requires one data card for input. Only one junction

point number and one size are required.




COLUMMNC FORUAT PATA DIFINS IS
1 n (NUMBER OF CARDS) 1 ——
2-8 7X BLANK -
9-16 F€.3 (ELEMENT TYPE) 7. —
17-24 FR.3 JUNCTION ——
25-32 F8.3 SIZE IN. (See Options)
33-40 FE.3 PRECHARGE PRESSURE PSI
41-48 .3 PRECHARGE VOLUME IN3
L49-56 F8.3 PRECHARGE TEMPERATURE °F
57-64 F&.3 INITIAL PRESSURE PSI
65-72 F8.3 4 VOLUME INTERVAL IN3
73-80 BLANK
EXAMPLE
TYPE 7 ACCUMULATOR INPUT DATA
e e R )
| 23, 4. 1 =iy, A, 1A, 3NN, |85
] | [ e B B s collivan e e aouw
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2.1.4.8 Type 9 - Flow Through Reservoir

Junction 2 (Always Bootstrap Port)
Size 2

AHP (High Pressure Area)

Vent
to Atmosphere

N \
N N
N N
N N
N N
. N

SLaaaaaN ARy,
N

)

S - Suction Port
8BS - Bootstrap Pressure Port

sss00070

1
o

Size 3

Junction 3 (Always
Suction Port)

Size 1
Junction 1 (Always Return Port)

ALP (Low Pressure Area) —

Size 1, Size 2 and Size 3

Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 12=12/16 in.

Option 2 (Boss 1.D. inin.)
Example: 0.609 in.

ELEMENT TYPE 9 - FLOW THRU BOOTSTRAP RESERVOIR

The type 9 reservoir is a bootstrap pressurized flow through type with
system return fluid normally passing through the reservoir before going to
the pump suction port. The reservoir model is corrected for altitude from
sea level.

Two cards are required for input data. The return port, bootstrap port
and pump suction port must be numbered junctions 1, 2, and 3 respectively.
Sizes 1, 2, and 3 correspond to the junction numbers. The area of the piston
upon which boostrap pressure is acting is input along with the area of the
piston exposed to the low pressure fluid. Card 2 contains the eqguivalent
seal friction force where: SEAL FRICTION FORCE(LB) = 10.X(SUM OF THE DYNAMIC

SEAL 0ODS).
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CARD 1 FORMAT

BLANK

COLUMKS FCPMAT L T2 DL T IIoN
1 I (NUMBER OF CARDS) 2 e 4
2-8 7 BLANK e |
g-16 F€.3 (ELEMENT TYPE) 9. e
17-24 2.3 JUNCTION 1 (R) —
25=32 8.3 JUNCTION 2 (BS) St
33-40 Fé.3 JUNCTION 3 (S) g

L1-48 F8.3 SIZE 1 IN. (See Options)

b9~ 56 8,3 SIZE 2 IN. (See Options) |
c7-64 F&, SIZE 3 IN. (See Options)
£5-72 T8, HIGH PRESSURE AREA IN2Z

73-80 r8.3 LOW PRESSURE AREA IN“

CARD 2 FORMAT

i FCEAT AT R

1-8 8.3 SEAL FRICTION LBS

9-80 -
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EXAMPLE

TYPE 9 FLOW THROUGH RESERVOIR INPUT DATA
2 DATA CARDS REQUIRED
CARD 1
S iianat
g - 1A < {1 2=, 2R, 1a, 3. (i 1 L, 555 95,3
‘ i | 1. e Brane oo B N | i | !
1 40 22V N T 28 29 %0 3% W 10 L) “ ar A% 44 %O 2 ] “ - s LB L 4
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2.1.4.9 Type 10 - Special (Flow vs AP)

Size P\_ L/‘Size 2
/ ‘T 1 4\_
Junction 1 Junction 2

AP
(psi)

Q (GPM)
Size 1 and Size 2
Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: 6 = 3/8 in.
Option 2 (Actual Fitting or Boss I.D. inin.)
Example: 0.297 in.
ELEMENT TYPE 10 - SPECIAL (FLOW vs AP)

The special category is used for elements which have a series of known
measured flow versus pressure drop points. These may be input as AP and Q
values with up to six points used to describe the characteristic curve. The
element is considered to have one inlet and one outlet port. The viscosity
of the fluid for which the data was taken is also required.

Two cards are used for input data. Junction points 1 and 2 are the

assigned numbers from the block diagram (Example: 1050. and 1060.). Sizes 1

and 2 are the fitting end or internal port inside diameters.
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CARD 1 FORMAT

COLUMNS FORMAT DATA DIMENSIONS

1 11 (NUMBER OF CARDS) 2 .

2-8 7X BLANK ——

G-16 F&.3 (ELEMENT TYPE) 10. -—

17-24 R 3 JUNCTION 1 ot

25-32 8.3 JUNCTION 2 B |

33-40 Fe.3 SIZE 1 IN., (See Options)
41-48 F8.3 STZE 2 IN. (See Options)
49-56 r3,3 FLUID DATA VISCOSITY CENTISTOKES
57-64 F&.3 NUMBER OF POINTS el

€5-72 F8.3 PRESSURE DROP 1 PSI

73-80 F2.3 PRESSURE DROP 2 PSI

=
CARD 2 FORMAT
: 1

“OLUMNS FORMAT DATA DIMENSIONS

1-38 F8.3 PRESSURE DROP 3 PSI

o-1€ re.3 PRESSURE DROP 4 PSI

17-24 ¥e.3 PRESSURE DROP 5 PSI

25-32 £9:3 PRESSURE DROP 6 PSI

3'3-“0 55,3 FLOW 1 GPM
b1-UE F8.3 FLOW 2 GPM
L9-56 Fé.3 FLOW 3 GPM
57-64 FCu FLOW 4 GPM
65~ 72 .3 FLOW 5 GPM

73-80 F8.3 FLOW 6 GPM
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EXAMPLE

SPECIAL (FLOW VS

- AP)

INPUT DATA

TYPE 10
AR T nan. T Ne.
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2.1.4.10 Type 11 - Flexible Hose
| : -
Junction 1 Junction 2
1 i = y==3 o == 1 2
=== 1
Size 1 Size 2
82 = /— Junction 2
- \ .
Junction 1 Size 2
- = B1 Size 1 and Size 2
Option 1 (End Fitting for Tube Size in 16ths of an in.)
Size 1 Example: 6 = 3/8 in.

or
Option 2 (End Fitting Bore Dia)
Example: 0.294 in.

GP74 0772 14

ELEMENT TYPE 11 - FLEXIBLE HOSE

The flexible hose is used in applications where a rigid tube will not
allow required motion or misalignment. The length of the hose is its straight
length measured between the ends of the nipple assemblies.

One card is required for input data. A maximum of 3 bend angles are
allowed. Bend angles are measured in degrees. Junction point numbers 1 and
2 are the assigned numbers from the block diagram (Example: 20. and 25.).

Size is the equivalent tube size, but does not have the equivalent tube size

options. For calculation the internal diameter is a required input.
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CARD FORMAT

L&—::,, g - ik ; -+
1 11 (NUMBER OF CARDS) 1 -—-
2-8 7% BLANK e
9-1€ F8.3 (ELEMENT TYPE) 11. ——
17-24 e 3 JUNCTION 1 ey
25-32 8.3 JUNCTION 2 2
33-4C .3 SIZE IN. (16ths)
1) -LP R 3 HOSE INSIDE DIA. IN.
1G-Sk .3 LENGTH IN.
57— (L 2.3 B:QD ANGLE DEG
65-72 8.1 BEND ANGLE DEG
73-80 r8.3 BEND ANGLE DEG
EXAMPLE
TYPE 11 FLEXIBLE HOSE INPUT DATA
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2,1.4.11 Type 12 -~ Heat Exchanger or Radiator

Hydraulic

Junction 1 Fluid Flow
Size 1 Size 2 }\

Junction 2

—

Cooling Fluid Flow

e

Y

Size 1 and Size 2

Option 1 Fitting End or Boss for Tube Size in 16ths of an in.)
Exampie: 4 = 1/4 in.
or
Option 2 (Actual Fitting or Boss |.D. in in.)
Example: 0.172 in.

GP784.077212

ELEMENT TYPE 12 - HEAT EXCHANGER OR RADIATOR

A heat exchanger is used to remove excess heat from the hydraulic fluid.
The common type used in aircraft uses the engine fuel as a heat sink; however
some usage is made of air as a cooling fluid.

One card 1is required for heat exchanger input data. Junction 1 is normally
the inlet port and junction 2 the outlet port. Sizes 1 and 2 correspond with
options noted. A rated flow and a rated pressure drop are input along with

the fluid viscosity for the rated conditions.
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CARD FORMAT
COLUMNC FCRI‘AT PA T PII*ING IONS
). ) (NUMBER OF CARDS) 1 —
2-R 7X BLANK S
9-16 .3 (ELEMENT TYPE) 12. -—
17-2U 8.3 JUNCTION 1 ——
25-32 F8.3 JUNCTION 2 —
33-40 Fe.3 SIZE 1 IN. (See Options)
h1-bR F&.3 SIZE 2 IN. (See Options)
49-5€ FR.3 RATED FLOW GPM
§7-64 F& .3 RATED PRESSURE DROP PSI
65-72 r8.3 RATED VISCOSITY CENTISTOKES
73-80 BLANK -
EXAMPLE
TYPE 12 HEAT EXCHANGER OR RADIATOR INPUT DATA
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2.1.4.12 Type 21 - 45° Elbow

Size 1

Junction 1—/

Size 2

Junction 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: 8 = 8/16 in.)
or
Option 2 (Actual Fitting or Boss 1.D.)
Example: 0.391 in.

GP74 077215

ELEMENT TYPE 21 - 45° ELBOW

The 45° elbow like the union is also a connector to join 2 tubes or join
a tube to a component. The elbow may be a threaded or permanent type. The
ends may be internally or externally threaded.

The number of data cards required is always 1. Junction point numbers
1 and 2 are the assigned numbers from the block diagram (Example: 80. and 85.).
Size 1 and Size 2 reflect the internal fitting diameters at each end (see

options 1 and 2 in above sketch). These do not have to be identical.
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CARD_FORMAT

COLIMNC FORIAT TATA DIFEZY2T0NS
1 n (NUMBER OF CARDS) 1 -
2-8 7 BLANK
9-16 F8.3 (ELEMENT TYPE) 21. -—
17-24 F8.3 JUNCTION 1 -
25-32 F8.3 JUNCTION 2 -——
33-40 FE.3 SIZE 1 IN. (See Options)
41-48 F8.3 STZE 2 IN. (See Options)
49-80 BLANK Teas
EXAMPLE
TYPE 21 45° ELBOW DATA INPUT
t 2N 80, 85, - 6. 5.
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2.1.4.13 Type 22 - 90° Elbow

Sile‘l—-\

P — — — — —
entigy

Junction1f i

Size 2 T\
Junction 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in 16ths of anin.)
Example: 8 =8/16 in.
or
Option 2 (Actual Fitting or Boss |.D.)
Example: 0.391 in,

GP74.0772-17

ELEMENT TYPE 22 - 90° ELBOW

The 90° elbow is a connector commonly used to change the piping run
direction in a minimum distance. It may be a threaded or permanent type
where the ends may be internally or externally threaded.

The number of data cards required is always 1. Junction point numbers
are the assigned numbers from the block diagram (Example: 10. and 20.).
Size 1 and Size 2 reflect the internal fitting diameters at each end (see

options 1 and 2 in the above sketch). These do not have to be identical.
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CARD_FORMAT

COLIMMC TCPIAT DA TA DIMINIIONS
1 n (NUMBER OF CARDS) 1 -—
2-8 7X BLANK
9-16 FE.3 (ELEMENT TYPE) 22. ——=
17-2u F8. JUNCTION 1 -—-
25-32 F8.3 JUNCTICON 2 -—
33-40 FE. 3 SIZE 1 IN. (See Options)
41-48 M. 3 SIZE 2 IN. (See Options)
49-80 BLANK R
EXAMPLE
o TYPE 22 90° ELBOW INPUT DATA 3
1 22, 10, 2n. i2. 2.
s boosniralonen dbinnnonBasnwnnlodcswosvanns naunsrnsonaaan
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2.1.4.14 Type 23 - Reducer

Junction 1 \ W /Junction 2

Size ‘/ % \— Sire 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: Size 1 =8 =8/16 in.
Size 2=10=10/16 in.
or
Option 2 (Fitting End or Boss 1.D.)
Example: Size 1 = 0.391 in.
Size 2 = 0.484 in.

GP740772 16
ELEMENT TYPE 23 - REDUCER

The reducer fitting 1s commonly used to connect a tube or fitting to a
different size fitting, tube or component port. These are commonly a threaded
type.

One data card is required for input data. Junction point numbers 1 and 2 are
the assigned numbers from the block diagram (Example: 900. and 905). Size 1
and Size 2 are generally not equal and reflect the internal diameters at each
end. This fitting could also be an adapater which changes from an external
thread at one end to an internal thread at the other. See the above sketch

for Size 1 and Size 2 options.
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CARD FORMAT

COLUMME FCPI'AT DATA DIFENSICES
) Tl (NUMBER OF CARDS) 1 =
2-8 7X BLANK S
9-16 F&.3 (FLEMENT TYPE) 23. -
17-24 F8.3 JUNCTION 1 e
25-32 F8.3 JUNCTION 2 o
33-40 .3 STZE 1 IN. (See Optioms)
L1-L8 .3 SIZE 2 IN. (See Optionms)
49-80 BLANK ———
EXAMPLE
TYPE 23 REDUCER INPUT DATA
Y 0, L ) 1 N e
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2.1.4.15 Type 24 - Tee

- + +
Junction 1—[ —| Mp——— K Junction 3
|
l

Size 1 Size 3

k
_/ 4
Size 2 \_
Junction 2

(The Branch of the Tee is Always Junction 2)

Size 1, Size 2 and Size 3

Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: 8 = 8/16 in.
or
Option 2 (Actual Fitting or Boss 1.D.)
Example: 0.391 in.

GP740772 18

ELEMENT TYPE 24 - TEE

The tee is a connector commonly used to connect three elements which may
be a combination of tubes, fittings or components. These are either a threaded
or permanent type. “he branch is considered to be at a 90° angle to the run.

One data card is required for input. Junction point numbers are the
assigned numbers from the block diagram (Example: 35., 45., and 40.). It
should be noted that junction point 2 has to be input as the branch of the
tee. Size 1, Size 2 and Size 3 correspond to the ends with junction points
of the same number. The sizes can be different and the ends internally or

externally threaded. See the above sketch for size optioms.
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CARD FORMAT

COLINN: TCPIAT A T DTHENS IONS
)¢ n (NUMBER OF CARDS) 1 -—
2-8 7X BLANK =
9-16 F8.3 (ELEMENT TYPE) 24. -
17-24 20! JUNCTION 1 B
25-32 FR.3 TUNCTION 2 e
33-40 F&.3 JUNCTTON 3 s
L1-48 8,3 STEZE 1 TN. (See Options)
Lg-56h 8.3 STZHE 2 IN. (See Options)
57-64 F&, 3 SIZE 3 IN. (See Options)
65-80 BLANK =
EXAMPLE
TYPE 24 TEE INPUT DATA
e 45, 40, 12, 4, 3. B
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2.1.4.16 Type 25 - Cross

Junction 2
J//‘-Size 2
| | Size 3
Size 1
Junction 1 ' I Junction 3
(Always Opposite Junction 3)\ s _J L_ i /(Alwavs Ssceits
> + Junction 1)
__._._1 I._._-——-—
Size 1, Size 2, Size 3 and Size 4 ' |
Option 1 (Fitting End for Tube Size in 16ths of an in.) |
Example: 4 =0.172 1.D.
or
Option 2 (Actual Fitting 1.D. at End for Size 1 and Size 2)
Example: 0.172 in. *\ Size 4
Junction 4
GP740772 11

ELEMENT TYPE 25 - CROSS

The cross fitting is used sparingly in hydraulic system design because it
requires considerable space to connect 4 elements (probably tubes) at one
point. The cross is a connector which may be a threaded or permanent type.
Each port is at a 90° angle with each adjacent port.

One data card is required for input. Junction point numbers are the
assigned numbers from the block diagram (Example: 920., 925., 930., and 935.).
Note that junction point 3 is considered to be opposite junction 1 and the
junction point and size data have to be input in the correct order. The sizes
can be different and the ends internally or externally threaded. See the

above sketch for size options and junction point numbering.
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CARD FORMA™

BYRE 235

CROSS INPUT DATA

cCoLn! CPI“AT DA TA DIFINETIO!
1 | i) (NUMBER OF CARDS) 1 B
2-8 7X BLANK
9-16 8.3 (ELEMENT TYPE) 25. ———
17-24 FB.3 JUNCTION 1 ——
25-32 FR.3 JUNCTION 2 .
33-4C FE.3 JUNCTION 3 soial
41-48 F8,3 JUNCTION 4 ——
LG~ 5k F8.3 SIZE 1 IN. (See Options)
57-64 FR.3 SIZE 2 IN. (See Options)
5-72 F8.3 SIZE 3 IN. (See Options)g
73-80 F8.3 SIZE 4 IN. (See Options)
EXAMPLE
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2.1.4.17 Type 31 - 1 Way Restrictor

Junction 1
(Always “'In" Port Junction 2
Restricted Flow Direction) - '
_esmcted
A s I d
Size 1 Size 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: 8 = 8/16 in.)
or
Option 2 (Actual Fitting or Boss 1.D.)
Example: 0.391 in.

5P74.0772 25

ELEMENT TYPE 31 - ONE WAY RESTRICTOR

The 1 way restrictor restricts flow in one direction and allows free flow
in the other direction. The orifice flow is a function of orifice size, Reynolds
number and the coefficient of discharge.

One card is required for input data. Junction 1 always starts at the
restricted port for flow in the restricted direction. Size 1 and Size 2
correspond to junction 1 and junction 2 with options as noted. The orifice

diameter is input along with a coefficient of discharge. TIf the coefficient

of discharge is not input, the element model will select one.
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CARD 1 FORMAT

COLUMNS FORMAT DATA DIMENSIONS
1 I1 (NUMBER OF CARDS ) 2 e
DA 7 BLANK ==
9-16 8.3 31. (ELEMENT TYPE) --
17-24 FR.3 JUNCTION 1 e
25-32 FR.3 JUNCTION 2 —
33-40 .3 SIZE 1 IN. (SEE OPTIONS)
h-bP E, 3 SIZE 2 IN. (SEE OPTIONS)
ORIFICE DIA OR
110~ &¢ B3 IN. OR PSI
: RATED DP (RESTRICTED) »
DISCHARGE COEF OR )
,-7_(, 1('} s R GPM
L RATED Q (RESTRICTED) 0 .
e e 2 FREE FLOW CRACKING PSI
. . PRESSURE (OPTIONAL)
F.F. RATED DP
¥ an 5 PS
73 -3 (OPTIONAL) !
CARD 2 FORMAT
( [V I AT :’
F.F. RATED Q
= 1 PM
1-8 FB.3 (OPTTONAL) @
9-80 F8.3 BLANK e
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2.1.4.18 Type 32 - 2 Way Restrictor

Orifice
Diameter Size 2

Junction 1 Junction 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: 8 = 8/16 in.
ot
Option 2 (Actual Fitting of Boss 1.D.)
Example: 0.391 in.

ELEMENT TYPE 32 - TWO WAY RESTRICTOR
The two way restrictor restricts flow in both directions and is an orifice
type element. The orifice flow is a function of the orifice diameter, Reynolds
number and the coefficient of discharge.
(ne card is required for input data. Junctions 1 and 2 correspond to
Size 1 and 2 respectively. The orifice diameter is input along with the
coefficient of discharge. If no coefficient of discharge is input, the element

model selects one.
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CARD FORMAT

?

COLUMY FOPMAT PA T DTIENS IONS

1 Il (NUMBER OF CARDS) 1 -

2-8 7X BLANK _—

9-16 F&.3 (ELEMENT TYPE) 32. ——

17-24 Fe.3 JUNCTION 1 —
25-32 F8.3 JUNCTION 2 -—

33-40 Fe.3 SIZE 1 IN. (See Options)
h-ue .3 SIZE 2 IN. (See Options) |
10~ s¢ FR.3 ORIFICE DIA. IN.

5764 F&,3 DISCHARGE COEFFICIENT —
65-80 BLANK —

EXAMPLE
TYPE 32 2 WAY RESTRICTOR INPUT DATA
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“ v . ¢ 2 28 1y e 27 29 50 3 154 ‘e . 4T &L 49 30 S A2 4% 54 45 %G 87 58 49 e

uaal'a"a‘":unu:::;adeau,‘JJaGNHUGOGuaaﬁ‘“acru.a Jt||P'r:c:ﬁa;:uc;::cugbccasaaoaﬁ
‘ . 1 i L] i L.-.‘l.l\ . ! [ S L S i 1 "
l‘nlillllﬂll!l!lllllfllI'Allllllllhllll”llll“lIlln.l!lltllliill!\ll!lYiIIIh'Ill

: 1 | ' t ! | ‘
;L’:iI?7?7.(722???.‘27.’I)??.’IIH’?H22??:22223;377.’."217.‘?1A.‘?32.7.".‘.fI??IZ[Z?Z.’ZII.’RZZZ?

33,'.Elb,lillilll‘lll]]'}’.l}.lllliilll)i3l]}i!l3]3“;333l ;3.‘35.31;]]]31]3145‘;33533333.
| ! | '

44444!4:&4;1#444‘#4 1%4444 4!44|144444‘5A41144'41#4'1414:144:4$‘.lll£lillll£4llllll
(RO 3 T et Cre b fi levuwes o ans TR L o TR | . inn
{ i {
555:.ss;‘5w5:s,,ssl.;ssa:s||asssss 5)555%5‘53;5";1:5&_2::;;r):ﬁ)13:3:»5:17}5555
| ' ‘

|
ncxgaaacsleu@asss|,uuema|erusssslusntnosu.csaahg;lr;;ﬁ
j PACDONNELL AUTOMATIGA COMPANY !
FEFETE RN NI R DY YR ATIFEFIN I IRIIG LT LIN YD SERS SR SELERREIERERLUEREEE.
. ' | | ' »

* 1
sPsleiss

{ | ) \ | §
E9660866¢Cb0s66 baﬂﬁnlo!b!dllltMDE|,aiOﬂ:%'iJﬂlladl.:lf
1 ‘

bubbEGb

o

GEHC'CHCEC

pet
=
==
=
o

-
<

@

er
o
=
s
=S
o
oo
-
-

!
88866888

! “

3

”9’5"9’9933553;’.:’.J,)J]]gl)j'j‘ 505999 9y/nu399599°¢, § *<]3]i'\li}§99\i';34:‘1133"'}9995
‘ [ I A | ‘ . . L B () ‘
2-61




2.1.4.19 Type 33 - Relief Valve

Size 2

Size 1

1 )+

Junction 2

Junction 1
(Always “In" Relief Flow Direction)

Size 1 and Size 2

Option 1 (Fitting End for Tube Size in 16ths of an in.)
Example: 8 = 8/16 in.
or
Option 2 (Actual Fitting 1.D. at End for Size 1 and Size 2)
Example: 0.391 in.

GP740772 19

ELEMENT TYPE 33 - RELIEF VALVE

The relief valve acts in much the same manner as a Type 3 check valve.
It is normally used to keep the system pressure or a component pressure from
exceeding an upper limit.

One card is required for input data. Junction 1 is the "in" port to the
relief flow direction. Junction 2 is the "out" flow port. Sizes 1 and 2

correspond to junctions 1 and 2. The nominal relief pressure is also input.

N
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CARD FORMAT

CCLIY CPFAT PAT s Ies
1 11 (NUMBER OF CARDS) 1 —-—
2-8 7% BLANK _—
Q1€ &.3 (ELEMENT TYPE) 33. =
17-24 R 3 JUNCTION 1 —-—
25-32 ¥8.3 JUNCTION 2 -—
33-40 i SIZE 1 IN. (See Options)
h1-LP B SIZE 2 IN. (See Options)
19 £ re 3 RELIEF VALVE PRESSURE
' SETTING PSI
57-80 BLANK _—
EXAMPLE
TYPE 33 RELIEF VALVE INPUT DATA
1 33 2404, i 2| 2. S Wha,
| | N | | P | . |
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2.1.4.20 Type 34 - Solenoid Valve (4W-3P)

Junction 1 (Always High Pressure Port) Junction 2 (Always Return Port)

Size 1 Size 2
P R
P  Pressure Port
R  Return Port
C3  Cylinder Port
C4 Cylinder Port
C3 C4
Size 3— Size 4
Junction 3 Junction 4
E Ll ﬂ R 5 f R P ||l R Size 1, Size 2, Size 3 and Size 4
Option 1 (Fitting End or Boss for Tube Size

in 16ths of an in.)
Example: 8 = 8/16 in.

or
e e Option 2 (Actual Fitting or Boss |.D.)
C3 ca c3ll 11 Cc4 C3 ca Example: 0.391 in.
Control Control Control GP74-077226

Code 3 Code 1 Code 2
ELEMENT TYPE 34 - SOL VALVE (4-WAY - 3 POSITION)

The solenoid valve may be one of three different valves; Type 34-
4 way 3 position, Type 35-3 way 2 position and Type 36-2 way 2 position.

For a 4 way 3 position type valve the 3 positions are (1) pressure to C3

port with C4 ported to return - control code 1, (2) pressure to C4 port

with C3 ported to return - control code 2, and (3) the valve in the null
or closed position with leakage from high to low pressure - control code 3.
lhe 2 positions for a 3 way 2 position valve are (1) pressure to

C3 port and the C4 port not connected - control code 1, (2) the valve in
the null or closed position with leakage from high to low pressure - cro=*

code 3.
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The 2 way 2 position valve has (1) direct path from pressure to
return - control code 1 and (2) the valve in the null position
with leakage from the high to low pressure - control code 2.

Two cards are required as input data for each type of valve. The
junctions 1, 2, 3 and 4 ports are identified depending on the particular
valve being used. Sizes 1, 2, 3 and 4 correspond with the same junction
number with options as noted. 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 has to be
input to allow for other type fluids and different temperature operating

conditions. The rated pressure drops at rated flows are input.
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4 WAY - 3 POSITION
CARD 1 FORMAT

QLM FOPMAT DA TA DIMENS IOHS
1 T (NUMBER OF CARDS) 2 -—
2-8 7X BLANK LA
9-1¢ 8.3 (ELEMENT TYPE) 34. -—
17-24 TR, 3 JUNCTION 1 (P) -—
25-32 F8.3 JUNCTION 2 (R) -
33-40 F&.3 JUNCTION 3 (c3) -
41-use FR.3 JUNCTION 4 (c4) -_—
Lha-cf F8.3 SIZE 1 IN. (See Options)
57-60 F&.3 SIZE 2 IN. (See Options)
65-72 F8.3 SIZE 3 IN. (See Options)
73-R0 Fe.3 SIZE 4 IN. (See Options)
CARD 2 FORMAT
COLUM TORMAY DA TA NIFFRSIC
1-3 a3 RATED FLOW FROM JCT 1 TO GPM
JCI' 3 OR JCT 4
a-1¢ 'R 3 RATED PRESSURE DROP FOR PSI
RATED FLOW
VISCOSITY OF FLUID FOR
=24 F2.3 . .
17 i RATED CONDITIONS sl
- % i
25-9 3 LEAKAGE FLOW FROM JCT 1 TO GPM
JCT -3
PRESSURE DROP FOR LEAKAGE
~ho R, ¢
3 ) CONDITIONS PSIT
B1=hA R, 3 OPERATING CONTROL CODE -
49-80 F8.3 BLANK —-=
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EXAMPLE

TYPE 34 SOL VALVE(4W-3P) INPUT DATA
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3 WAY - 2 POSITION
CARD 1 FORMAT

Cl - e

1 Tk (Number of Cards) 2 -

2=8 7X Blank T

G~1¢ 8.3 (Element Type) 34. -

17-2' R, 3 Junction 1(P) --
25732 8.3 Junction 2 (R) -
33-1C F&.3 Junction 3 (C3) =
hlh 20 Blank =5
4 0 ize
19~ ¢ o3 Size 1 In.(See options)
57-€4 72,3 Size 2 In. (See options)
65-72 78.3 Size 3 In. (See options)
73_0(\ :.‘7_3 Blank 3=
CARD 2 FORMAT
B{ndH 1€ 7 TATH
Rated flow from JCT 1 \
-8 a GPM
1 - . 3 to ]'(I ;
a - Rated pressure drop for
9-1€ F8. ' i -
: rated flow FSl
Viscosity of Fluid for ’ .

L7 2o 93 J > 3 es
17~ e rated conditions i
265232 03 Leakage flow from JCT 1 GPM

to JCT 3
33410 a3 Pressure drop for leakage PST

= canditione
L1l 2.3 Operating control code -

L4980 8.3 Blank e
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TYPE 35 SOL VALVE (3W-2P)

EXAMPLE

INPUT DATA

2 CARDS REQUIRED

IMHUANIURAS L TN KEM

P R URERA R U PR AN LG

2-69

EAEVRTIREE 1Y

WM

“ i

AR

FEE

-



2 WAY - 2 POSITION
CARD 1 FORMAT

2-70

.- ™ i
1 Il (Number of cards) 2 -
2-8 7X Blank =
G=-1€ F&.,3 (Element type) 34. —
17-24 R 3 Junction 1 (P) —
25-32 8.3 Juntion 2 (R) ==
33-4C FE.3 Blank ==
41~ F8.3 Blank —
h9-5€ F8.3 Size 1 IN (See options)
57=-Cl FR,3 Size 2 IN (See options)
65-72 F&.3 Blank -
73-80 a3 Blank .-
|EE
CARD 2 FORMAT
. T A TA il
= E i 2 Rated flow from JCT 1
= 3 to JCT 2 GPM
SR B Rated pressure drop for
-1 8 rated flow PS1
H_n) R 3 Viscosity of fluid for
17-2% . rated conditions Centistokes
- o o Leakage flow from JCT !
25=-e F8.3 £o JCT 2 GPM
Pressure drop for leakage
<)
33=50 .3 conditions PSI
L41=U8 M, 3 Operating Control Code - -
119~ 80 F8.3 Blank -
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2.1.4.21 Type 41 - Servo-Actuator
Junction 1
(Aways High ‘
Pressure Port) Junction 2

Size 1 Size 2

Rod Seal

b -
External
Load

—

SONNNRNNNNNNN @

A1 Net Area to

*—A2 Net Area to
Extend Actuator

Retract Actuator
Piston Seal Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.)
Example: 4 = 1/4 in.

Option 2 (Fitting End or Boss I.D. in in.)
Example: 0.172 in.

ELEMENT TYPE 41 - SERVO-ACTUATOR

3P74.0772 20

The Type 41 servo-actuator is considered similar to a valve operation

with a simple actuator except the valve 1s mounted directly on the actuator.

A separate model for the servo-actuator does not exist in the
SSFAN program. To simulate a servo-actuator combine Type 34 (a four
way three position valve) and Type 4 (a simple actuator) components
into a servo-actuator model.

Under normal operating conditions the valve may be either wide
open or completely closed (null position). The actuator may be a

balanced (equal piston areas) or unbalanced type.

N
|

~

N




2.1.4.22 Type 91 - Appendix Reservoir

Junction 2
Size 2

AHP (High Pressure Area)

Ver
to Atmosphe

D222

sasssassssasssaaaas

NN \\\\\\\\\\‘

22

S-R Suction Raeturn Port
BS Bootstrap Port

N

N
N

Yrrrrssrrsiis

S -
Size 1

Junction 1
ALP (Low Pressure Area)

Size 1 and Size 2

Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 12 =12/16 in.

Option 2 (Boss I.D. inin.)
Example: 0.609 in.

GP74-0772-21

ELEMENT TYPE 91 - APPENDIX BOOTSTRAP RESERVOIR

Type 91 reservoir is a boostrap pressurized appendix type. Its purpose
is to make up system volume differences that occur with fluid temperature
changes and the volume exchange with differential area actuators in the sub-
systems. The reservoir model is corrected for altitude using sea level as a
0 reference point.

One card is required for data input. The appendix port (S-R) and the
bootstrap port must be input as junctions 1 and 2 respectively. The high
pressure (bootstrap pressure) area of the reservoir piston along with the
low pressure area are input. The seal friction force is calculated as shown

for the type 9 reservoir.




CARD FORMAT

1 Ik (NUMBER OF CARDS) 1 i

2-8 7X BLANK A

9-16 F8.3 (ELEMENT TYPE) 91. -

17-24 F8.3 JUNCTION 1 (R-S) -—

25-32 F8.3 JUNCTION 2 (BS) 5 |

33-1C FE .3 SIZE 1 IN. (See Options)
41-LR 2.3 SIZE 2 IN. (See Options)
1O~ S 18,3 HIGH PRESSURE AREA IN?

§7-€h FR.3 LOW PRESSURE AREA IN?

65-72 F8. 3 SEAL FRICTION LB.

73-80 BLANK U

EXAMPLE

TYPE 91 APPENDIX RESERVOIR DATA INPUT
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.23 Type 92 - Constant Pressure Reservoir

YIIPII s s s

Size 2

Junction 2

Size 1
Junction 1

Size 1, Size 2

Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 12 = 12/16 in.

Option 2 (Boss I.D. in in.)
Example: 0.609 in.

ELEMENT TYPE 9‘2 - CONSTANT PRESSURE RESERVOIR
The Type 92 reservoir is a constant pressure flow through reservoir.
Its purpose is to provide a constant reference pressure flow through
reservoir. Its purpose is to provide a constant reference pressure
regardless of the changing flow rate caused by a system demand.
One card is required for data input. The in and ouft junction

numbers and port sizes are entered along with the constant pressure

value on this card.
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2-8 7X BLANK e
=16 1e.3 (ELEMENT TYPE) 92. --
17-20 .3 JUNCTION 1 me
25-32 FR.3 JUNCTION 2 —
33-he .3 SIZE 1 IN. (SEE OPTIONS)
1 1. 3 SIZE 2 IN. (SEE OPTIONS
0= <6 FR, 3 PRESSURE PSI
57- 80 P, 3 BLANK =
EXAMPLE
TYPE 92 (CONSTANT PRESSURE RESERVOIR DATA INPUT
- - 1, -1, 1 '<— 1 -
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2,1.5 End Card
The end card for the data deck is the last data card. An integer 1 is

placed in Column 1 and the 0,in column 9 indicates the end of data,

COLUMMNL FCRMAT PATA DIk IO
1 n ENTER 1 -
2-8 7X BLANK ---
9-16 FE.3 ENTER 0, -

17-80 BLANK S

EXAMPLE END CARD

1 0.
S & 567 99 ' Y R e T B Y0 T2 2T LE TT TR 2D 50 51 ST 53 36 35 56 ST 30 3940 41 42 €144 4346 AT A0 4950 T 52 51 %4 T8 57 I N 6O 81 B2 4) 44
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2.1.6 Program Deck and Input Data

The program deck and data cards are assembled as shown in Figure 2-6.
The first six cards and the end card must be in order in the data deck. The

element cards may be in random order.

End Card

Element Data

Card 6 System Temperature
Altitude - Data Output
Card 5 Fluid Density/Temperature

\\Card 4 Fluid Temperatures

Card 3 Fluid Viscosities

\\Card 2 Fluid Name

Card 1 Program Title

— SSFAN Program Deck with
Subroutines and Control Cards

FIGURE 2-6
SSFAN PROGRAM DECK AND INPUT DATA
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3.0 PROGRAM OUTPUT

For illustration, simple hydraulic systems of the types shown in Figures
3~1 and 3-8 are modeled to indicate the types of output which may be obtained
with SSFAN., Normal inﬁht parameters set the system characteristics or
resistances in each leg for the input conditions of fluid type and tempera-
ture and flight altitude, The network flow balance, pressures at branch
points and leg pressure drops are calculated for this one set of conditions,

Program Output is of 4 basic types, Type 1 output is the individual
element data that was input to the program, This may be used for reference
when first setting up the system to ensure that the data was input correctly.
'vpe 2 output prints the junction numbers at each end of a leg in the system
with the calculated flow and pressure drop also printed for the legs.
lype 3 output prints the pressures at each junction point or end point in
the system along with the name of the junction point or end point element
and its associated junction point number(s), Type 4 output is a special
type output, There can be many variatiorns of this output, many of which are
not developed at the present, An example of type 4 output is to establish
the system resistance characteristics, then vary one parameter such as
altitude or fluid temperature by making multiple runs and study the pump
and reservoir pressure and flow variations,

3.1 OSSFAN Sample Case Number 1

Sample case number 1 is the simple hycraulic system shown in Figure
3=1. This is a 2 actuator load system with the solenoid valve in position
to extend the actuators each apgainst a 1000 pound load, The actuators are
the unbalanced area type and are of different sizes, The pump is a variable
delivery type operating at 3750 RPM with a rated flow of 50 gpm at this
HPM. The reservoir is a flow through type with bootstrap pressure,

Figure 3-2 shows a typical first pape data output page giving the input

title, fluid name, temperature, and altitude, The viscosity and density
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are the calculated atmospheric values at the input-temperature,

Fipures 3-3 and 3-4 show the input data which was sorted and stored
into the individual element arrays. This is output type 1. It may be
noted in igure 3-3 under line array-Type 1 the individual input bend angles
are not included, These were converted to equivalent length (EQLT),
summed and stored to minimize required computer storage locations.

Figure 3-5 is an example of output type 2., The junction numbers at leg
ends correspond to the numbers of Figure 3~1 block diagram, For example,
for leg 10-35, this is the leg that starts at the pump pressure out port
and ends at the downstream tee (reservoir bootstrap pressure tee). The
pressure crop in this leg is 9.23 psi and the flow is 10.74 gpm. It may
be noted that the bootstrap pressure line (45-260) and the accumulator line
(65-295) have 0, flow and 0, pressure drop. Also, looking at the reservoir
return line (230-250) and the pump suction line (265-5), system flow is
being made up for the system from the reservoir because the urbalanced area
actuators are extending,

Addition of flows will show that the flows are balanced within .01 gpm,
Cf course the flow changes across the pistons of the unbalanced area actuators,

The flow at the pump is balanced where the flow out the pressure port

(10.74 gpm) plus the case drain flow (.82 gpm) equals the flow in the suctiorn

port (11.56 gpm).

Figure 3-6 gives pressure point data. The pump case pressure (junction 15)
is seen to be 86.34 psi which is established at this level because of the
return system flow gradient and the restricted case drain line. The overall

effect is to increase the 3000 psi rated pump pressure out to 3027.50 because
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FIGURE 3-3
EXAMPLE SSFAN OUTPUT TYPE 1

ELEMENT INPUT DATA
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the pump compensator is referenced to the case drain pressure. The reservoir
internal pressure may be seen to be 52.39 psi and the suction pressure at
the pump is 50.58 psi. Pressure point values are normally stored and output
for actuators at the flow in port only; however, the pressure at the other
port may be output under an output Type 4.

Figure 3-7 shows an example of output Type 4 which prints the pressures
and flows around the pump, reservoir and all actuators.

3.2 SSFAN Sample Case Number 2

Sample case number 2 is similar to sample case number 1, except that
a third actuator has been added. The configuration in Figure 3-8 illustrates
a more complex circuit for analysis because it is not just another parallel
load to the original 2 actuators. It tees into the actuator 2 return loop
before actuator 2 completes its circuit with actuator 1. This type of network
cross-branching is readily handled by the SSFAN solution technique.

Figures 3-9 and 3-10 show the output Type 2 flows and pressure drops
and the output Type 3 pressure point data respectively. These results show
data very similar to the sample case 1 data except there are more legs and
branch points.

Figure 3-11 shows an output Type 4 for the example system.
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3.3 Other Output Types

Other type outputs are currently being studied, SSFAN data has been

output in computer plot form for specific case studies, This method
being studied for feasibility as a general SSFAN output type. These
include studies of subsystem operating times with variations of load

fluid temperature,
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