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SECTION T
INTRODUCT ION .

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. However, the program
has been expanded to allow single point pressure and flow inputs which may be
used to simplify systems and isolate subsystems for preliminary analyses.
The fluid temperature may be specified as constant throughout the system or
temperature at various points may be specified. In the Quasi-transient mode,
the program can be used to predict the steady state subsystem performance,
such as flight control 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 coded 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.

Section 2 describes the required program input. Section 3 gives examples
of program output for a single point run. Section 4 describes the additional

input required for Quasi-transient operation with examples of output.

This update changed the input for element types 1,4,7 and 32 and added element

types 8,13,14,15,16,17 and 18.



1.1 General System Description

The system to be analyzed is first diagrammed as shown in figure 1.
Junction points are added and numbered, Each component or element in the
system is defined by its physical characteristics and junction point mmbers
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, tluid 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 number 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 caleulating pressures at all branch points in the system

where R 12 = P12
T
Ry5 = Resistance from end 1 to end 2 of the leg

Pl = Pressure drop from end 1 to end 2 of the leg
Q = Flow in the leg

Conductance is then defined as

Gz = _1_
fy2
where Gy = Conductance from end 1 to end 2 of the lepg
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then Q = G2 P12
The net flow at any branch point (where three or more legs come together)
must be zero,

Therefore the flow requirement is satisfied if

- + - + =
LG -P AP 1-TEq,=0

K
whers
P; = pressure at branch point I
P; = pressure at branch point J

AP . = a pressure rise or loss (from a pump or actuator)
1J
in branch leg IJ

Qry = Fised flow in branch leg IK connected to
IK .
branch point I

dquations 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

& specific tolerance such as .00l gpm, the solution has converged, ULee

Volume VI Technical Description for a detailed discussion of the solution technique.

1.3 General Program Operation lescription

The general SSFAN flow chart is shown in Figure 2 , As the data is
read into the program, it is sorted anmd stored in the appropriate element
array. JSome element data such as tubing bends are calculates for energy loss
coefficients as the data i1s read in. The energy loss coefficients of the bends
for the tube are 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 cdata 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
legs. An initial flow guess 1s 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 tube and fitting size-4& inch



SECTION 1T

PROGRAM INPUT

Preparation of data for input into SSFAN consiste 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 3 shows how the
system is to be diagrammed. It may be desirable to ma%e 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 4 .
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
7
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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 1s required that all junction points be numbered and that no two
Junction points have the same number.

Thege "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.



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,

a blank card must be inserted.

If a title is not given,

COLUMNS FORMAT DATA DIMENSIONS
1-280 8A10 (NAME OF SYSTEM) --=
EXAMPLE CARD 1
Title Card Data
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2.1,3.2 cCard 2 - Fluid Name

This card is used to name the particular type fluid to be printed on the
output data. Fluid names typically are MIL-H-5606A, MIL-H~5606B, MIL-H-83282,

SKYDROL 500B, etc. If a fluid name is not given, a blank card must be inserted.

COLUMNS FORMAT DATA DIMENSIONS

1-280 8A10 (NAME OF FLUID) ———

EXAMPLE CARD 2

Fluid Name Data
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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 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 1s free to select and use his own desired viscosity

data.
TABLE 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
Q 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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2.1.3.4 cCard 5 - Density-Temperature and Viscosity

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

points only sirce 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 gives some suggested aircraft hydraulic fluid densities
at atmospheric pressure.

TABLE 2

Density-Temperature

TEMPERATURE DENSITY (LB/FT3)

(DEG F) MIL-H-5606A | MIL-H-83282 SKYDROL 500B | MIL-H-5606R

-65 56.1 56.6 68.8 57.2

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 fleld temperature.
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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.

Array Output
Code Number
{Columns 33-40)

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
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
information, 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 contains a further description of how these

arrays are used and their contents.
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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.

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

above.
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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, The general system of
identification numbers is shown below, As noted, there are unused numbers which

are reserved for development of future element mcdels,

Element Type Description Element Type Description

1 Tube 32 Restrictor-2 Way
2 Union 33 Relief Valve

3 Check Valve Y Valve (4W-3P)

4 Simple Actuator 35 Valve (3W-2P)

5 Pump Variable Del, 36 Valve (2W-2P)

& Filter Assy 37 Flow Regulator

7 Accumm,Press or Flow Source 38 Restrictor Sizer
8 Hyd Motor 39

9 Reservoir-Flow Through Lo

10 Special (Flow vs,AP) 41

11 Hose 4p

12 Heat Exchanger 43

13 Floating Branch Point A4h

14 Jet Point Temperature 45

15 Q-T Timestep Data Lé

16 Q-T Component Data L7

17 Q-T Control Data 48

18 Q-T OQutput Data 49

16 50

20 51 (Reserved for Pumps)
21 450 Elbow 52

22 ¢)° Elbow 53

23 Reducer &

24 Tee 55

25 Cross 56

26 (Reserved for Fittings) 57

27 58
28 59
29 60 {Reserved for Filter
30 61 Manifolds)

31 Restrictor-l Way 62

20



Element Type Description Element Type Description

63 (Reserved) 81 (Reserved)

64 a2

65 83

&6 a4

67 85

&8 86

69 87

70 88

71 89

72 Q0

73 91 Reservoir-Appendix
G 92 Reservoir-Constant
75 a3 Pressure
76 ol

77 95

78 96

79 a7

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 ome element.
These cards do have to be in order. SSFAN sorts the element data and establishes
continuity using the junction point numbers.

In the 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 avallable as an option. TFor 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 15 true for a fitting internal hore. 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 reference internal
fitting bores established are the MS$S33649 and MS33656 series. The program

algorithm approximates these values.

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

diameter or size,
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SIZE OPTION 1

The diameters listed under the "Program Algorithm" column 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 and an internal port diameter. An equivalent
tube size less than 4 may not be used, but the acutal size may be input,
see size option 2, The program algorithm will calculate sizes for any other
input size such as 7, 23, 61, etec., - see Volume VI Technical Description.,

Equivalent Actual Program Algorithm Reference (MS)
Tube Size (l6ths In.) Tube 0.D. (In) Calculated Tube I.D.(In) Internal FTG Bore (In.)

4 .25 .172 .172
5 .3125 L2345 .234
6 .375 .297 .297
8 .50 .391 .391
10 .625 484 .484
12 .75 .609 .609
16 1.00 .843 844
20 1.25 1.078 1.078
24 1.50 1.313 1.312
28 1.75 1.547 1.547
32 2.00 1.781 1.781
40 2.50 2.281 2.281
48 3.00 2.781 2.781

SIZE OPTION 2

The user may input directly a tube outside diameter or internal bore
diameter up to but not Iincluding 4 inches,
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 (limit of 9) required to describe the
element, This is always an Integer (no decimal point
following the number).

(2) All 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

Junction 1 l [ e
unction \ L ' i Junction 2 Thickness
Tube § —o—F — —
L Size
Size
Option 1 (0.D. in 16ths of an in.}
B2 > 90° Example: 10 = 5/8 in.

or
\ Option 2 {Actual Tube 0.D. in in.)

( / Example: 0.625 in. = 5/8 in.

L B3 = 9o°

Junction T\ > B1>>00°
Tube ¢

-

Junction 2

B4 < a9p°

GP74.0772 8

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 to 9 data cards depending on the number of bends in the tube. A total
of 9 data cards may be used to input data and bend angles.

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. 3Bend 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 energy loss coefficients as the data is
read into the program. Output Type 1, see Figure 3-3, shows these

bends as a total energy loss for the bends.
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CARD 1 FORMAT

COLUMIS FORMAT A T4 DIMENEIONS
1 n (NUMBER OF CARDS) 1 to 9 —_—
2-8 7 BIANK -
9-16 FR.3 (ELEMENT TYPE) 1. ——

17-24 R, 3 JUNCTION 1 —

25-32 F8.3 JUNCTION 2 _—

33-40 .3 SIZE IN. (See Options)
41-4R TR 3 WALL THICKNESS IN.

49-56 ¥R, 3 LENGTH IN.

57-64 F8.3 BEND 1 DEG

65-72 F8.3 BEND 2 n

73-80 F8.3 BEND 3 "

2ND,3RD,ETC. CARD FORMAT (IF REQUIRED)

COLUMNS FORAT T TA NIFErSIONS
1-8 PR, 3 BEND DEG
9-16 F8.3 BEND "

17-24 R, 3 BEND "
25-32 F8.3 BEND "
33-40 R, 3 BEND H
41-48 8.3 BEND "
49-56 8.3 BEND "
57-64 F8.3 BEND "
€572 F8.3 BEND "
73-80 F8.3 BEND "
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EXAMPLE 2

TYPE 1 TUBE INPUT DATA
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2,1.4.2 Type 2 - Union

Size 1 Size 2

____.H__&___
———

/

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

GP74.07725

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 18 considered to be a constant diameter throughout its length. Tt should
not be confused with the Type 23 reducer fitting.

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

COLUMNG FORIAT PATA B L0
1 1 (NUMBER OF CARDS) 1 ——
2-8 73 BLANK' —
g-16 F&.3 (ELEMENT TYPE} 2, ——
17-24 8.3 JUNCTION 1 —
25-32 F8,3 JUNCTION 2 ——
33-40 FP.3 SIZE 1 IN. (See Options)
41-48 ¥R, 3 SI1ZE 2
4o~ 80 BIAKK ——
EXAMPLE
TYPE 2 UNION INPUT DATA
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2.1.4.3 Type 3 - Check Valve

Size 1 Size 2
Junction 1 . +—-
{Always “'In" |
Free Flow Directian) Junction 2

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 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. 1In 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 allews 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

COLUMN FCRIAT AT T IO
1 N (NUMBER OF CARIS) 1 —
2-8 7 BLANK -
9-16 Fe. 3 (ELEMENT TYPE) 3. -
17-24 FR.3 JUNCTION 1 ---
25-32 8.3 JUNCTION 2 -—-
33-40 .3 SIZE 1 IN. (See Options)
L1-uR WR.3 SIZE 2 IN. (See Options)
49-56 783 CRACKING PRESSURE PSI
57-80 - BIANK kel
EXAMPLE
TYPE 3 CHECK VALVE INPUT DATA
3. 940, 191, 3. 8. 35,
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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

end Actuator . .
Ext Piston Dia

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

Example: 4 = 1/4 in,

Option 2 {Boss £.D. inin.)
Example: 0.172 in.

GPT4-0?72-2

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)
Two data cards are 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 (+) 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.
31



CARD 1 FORMAT

COLUMIC FCRFAT PATA DIMENICNS
1 n (NUMBER OF CARIS) 1 -
2-8 7X BLANK -
9-16 78,3 (ELEMENT TYPE) &, —
17-24 R.3 EXTEND JUNCTION 1 —
25-32 F8.3k RETRACT JUNCTION 2 R
33-40 .3 SIZE 1 IN. (See Options)
L1-48 ] 3 SIZE 2 IN. (See Options)
Lg-s§ ¥8,3 EXTEND AREA INe
57-64 VR, 3 RETRACT AREA e
65-72 F8.13 SEAL FRICTION LB
73-80 78,3 EXTERNAL LOAD LB
CARD 2 FORMAT
CeruUas TCHAT DA TA TETENSICHS
1-2 6.3 TOTAL STROKE IN
9-1% £2.3 PISTON POSITION IN
17-24 2,3 PISTON DIAMETER IN
7532 .3 CONTROL VALVE JCT TO _—
EXTEND ACTR
33- 80 7.3 BLANK -
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2.1.4.5 Type 5 - Variable Delivery Pump

Junction 3
{Always Case Drayn Port) Size 3 Size 2
cb Junction 2
P {Always Pressure Out 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 £.D. inin.}
Example: 0.844

Size 1

GP74-0772-3

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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The following pump characteristics are optional input parameters.
These are noted in Figure 2-3.
PSMIN - Rated minimim suction or inlet pressure.

Default wvalue 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

Cuilte FCRI'AT DATA DIMENSTONS
- g
] I (NUMBER OF CARIS) 2 ——
50 7% BLANK -
G=16 T8, 3 (ELEMENT TYPE) 5. —
17=2h 8.2 JUNCTION 1 (S) _—
?5-32 F8,3 JUNCTION 2 (P) —
33=-hC 8.3 JUNCTION 3 (CD) _—
i 1-kP W83 SIZE 1 IN. (See Options)
i 56 7.3 SIZF 2 IN., (See Options)
cr=flh 8.3 SIZE 3 IN. (See Options
{5-72 TE.3 ACTUAL PUMP RPM REV. PER MIN.
?3-80 FeL3 RATED PUMP RPM REV. PER MIN.
CARD 2 FORMAT
COLUMNS FORMAT _ ™ TA nINEESICRS
1-8 FR.3 RATED OUTPUT FLOW GPM
o-16 8.3 RATED PRESSURE (0 FLOW) PSI
17-24 2.3 xATED PRESSURE (FULL FLow) PSI
25-32 F2.3 PSMIN PSIA
33-40 2.3 RCDP PSID
B1-40 M. 3 RCDL GPM
49-56 F8.3 PSET PSIG
57- 80 = BLANK -
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2.1.4.6 Type 6 - Filter

Junction 1

{Always “In” Port) Junction 2
: In Out !
—— - ——]
Size 1 —-/ \ Size 2

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

Option 2 {Boss [.D. inin.)
Example: 0.6089 in.

Size 1 and Size 2

GPT4-0772-4

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.

Two cards are 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 1s 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 is 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

relief cracking pressure is input along with the bypass pressure drop at the

game rated flow as the clean element.
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CARD 1 FORMAT

ceLns TORMT DATA RO
1 Il (NUMBER OF CARDS) 2 _—
2-8 7X BLANK —
g~16 T8, 3 (ELFMENT TYPE) 6. _—
17-24 2, JUNCTION 1 -
25-32 F8.3 JUNCTION 2 e
33-4C &L, 3 SIZE 1 IN. {See Options)
41.48 F8.3 SIZE 2 IN. (See Options)
ho-£¢ 8.3 INTERNAL FLUID VOLUME IN3
5764 F8 3 gﬁg&gNgLOW OF CLEAN GPM
73-280 ¥8.3 gg;ggg?;sﬂ RATED CENTISTOKES
CARD 2 FORMAT
COLAMNS FORMAT ™ TA NITERS TORS
1-8 12: CONTAMINATION FACTOR PSI
9-16 F8. 3 %EE%E{FJR%LV CRACKING PSI
17-24 F8.3 giggsﬂxjggssum DROP AT Psi
25-80 — BLANK

39




EXAMPLE

TYPE 6 FILTER INPUT DATA

2 DATA CARDS REQUIRED
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2.1.4.7 Type 7 - Accumulator - Fixed Pressure Point - Fixed Flow Point

Gas Charge
Valve
Size 1

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

Option 2 (Boss L.D. inin.}
Example: 0.172 in.

(AT Ay

e

[}
/ Gas Fixed Flow
[l In or Out of Port
ﬁ 5‘ Fixed Pressure
f ’ - at Part
ARERNN
N\Feter T »
K Size 1
Junction 1
Accumulator Flow Point Pressure Point
Element Type 7 Element Type 7 Element Type 7
ind Type 1 and 3 Ind Type 4 Ind Type 2
ELEMENT TYPE 7 - ACCUMULATOR
GPT9-0881-23

There are 4 subtypes under element type 7. Subtype l.is a passive (static)
accumulator where no flow is considered to be in the leg to the accumulator
and the accumulator pressure is the same as the pressure at the point where
the leg branches off to go to the accumulator. Subtype 2.is a fixed pressure
point and maintains this pressure regardless of the flow in the leg leading
to or away from the point, This point has to be an end point in the system
and cannot be an intermediate point between 2 elements. Subtype 3, is a
dynamic 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 precharge gas pressure and volume, fluid
minimm and maximum volume and initial pressure or initial fluid volume are
used only when the dynamic accumulator is used. Subtype 4. is a fixed

flow point with similar restrictions as the Subtype 2. This point will
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maintain the constant flow regardless of system conditions or changes in

system conditions,

SUMMARY OF FLEMENT TYPE 7, SUBTYPE OPTIONS

SUBTYPE DESCRIPTION
1. STATIC PRESSURE POINT PRESSURE WILL BE CALCULATED AT PRESSURE
POINT
2, FIXED PRESSURE POINT SETS PRESSURE AT PRESSURE POINT
3. DYNAMIC PRESSURE POINT PRESSURE AND/OR VOLUME IS SET AT

PRESSURE POINT AND UPDATED DURING
PROGRAM CALCULATION

4, FIXED FLOW POINT FLOW IS SET AT PRESSURE POINT
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CARD FORMAT

COLUMNS FCRMAT DA TA DIMENSIONS
1 byl (Number of Cards) 1 -
2-8 7X Blank _—
9-16 F8.3 (Element Type) 7. -
17=-24 8.3 Junction —_— ;
25-32 F8.3 Size IN (See Options);
33-40 F8.3 (Static Pressure Accum) 1. -
41-80 Blank
|
EXAMPLE
TYPE 7 STATIC PRESSURE ACCUMULATOR TNPUT DATA
1 7. 295. 4, 1,
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CARD FORMAT

TYPE 7 FIXED PRESSURE POINT INPUT DATA

-(-‘l

FR5.

4,

2.

Inen,

COLUMNS FORMAT DATA DIMENSIONS

1 I (Number of Cards) 1 -

2-8 7X Blank --

9-16 F8.3 (Element Type) 7. -

17-24 F8.3 Junction -- ‘
25-32 F8.3 Size IN. (See Options)
33-40 F&.3 (Fixed Pressure Point) 2, -

Li-48 F8.3 Pressure Ps1

49-80 Blank

EXAMPLE

12 3 4% 57898 l?!l!l‘ I 16 17 18 |‘l:0 2ITT 2ITAIHIL CTZ2UION B2 32 A IS 3E AT BE NU A0 N AZAY N4 AS A6 AT AN 49 50 B B2 03 69 &5 %6 5T €3 5 53 &1 5263 a3

1 2 34 3% 6 T 8 9 100 12 13 1415 16 1T 18 I920"l2(ﬂ!2‘252527"6""\ 30 3 B2 33 3 3L NG 3T 36 X9 40 A' 47 A3 44 45 AL &7 aM 45 50 9 52 5154 58 56575!5960
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CARD 1 FORMAT

CCLUMNS FORMAT . DATA DIMENSIONS
1 ks (Number of Cards) 2 -
2-8 7X Blank -
9-16 F&,3 {(Element Type) 7. -
17-24 F8.3 Junction -
25-32 F8.3 Size IN. (See options)
3340 Fe.3 (]-g)fna.mic Pressure Accum) __
41-48 F8.3 Precharge Gas Pressure PSIG
bo-5h F8.3 Minimum Gas Volume N3
57=-64 F&.3 Precharge (Max) Gas Volume 3
65-72 F8.3 Precharge Gas Temperature DEG F
73-80 F8.3 Maximum Oil Volume N3
CARD 2 FORMAT
COLUMKS FORMAT TATA DIIERSTONS
1-8 8.3 Minimum 0il Volume N7
9-16 F8.3 Initial Gas/Fluid Pressure PSIG
17-80 Blank -
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CARD FORMAT
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COLUMNS FCRMAT DATA DIMERSTION
1 T {Number of Cards) 1 -
2-8 Vi Blank --
9-16 FB.3 (Element Type) 7. -
17-24 F8.3 Junction — ;
25-32 pé_3 Size IN. (See Options)
33-40 F2.3 (Fixed Flow Point) 4, -
41-48 F8.3 Flow Rate GPM
49-80 ' Blank
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TYPE 7. FIXED FLOW POINT INPUT DATA
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2.1.4.8 Type 8 - Fixed Displacement Hydraulic Motor

Size 2

Junction 2°
{Outlet Return Port)

co Junction 1

Size 3 {Inlet Pressure Port}
Size 1
Junction 3

{Case Drain Port) GPTY-0881.31

ELEMENT TYPE 8 - HYDRAULIC MOTOR

Hydraulic motors are used to convert fluid power to rotating mechanical power.

The fluid flow is changed to rotational velocity or speed and the pressure

is converted to torque to move the load., Torque losses are a combination

of breakaway torque, coulomb friction and viscous drag losses. Input

values are
case drain
second per

case drain

motor displacement, load torque and overall efficiency. The
leakage is an optional input with a default value of 1 cubic in per
1000 psi. The motor model can be used as a 2 port model (with no

port) or a 3 port model.
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COLUMNS FORMAT DATA DIMENSIORNS
= —
1 Il (Number of Cards) 2. ——
2-8 ?k Blank —
9-16 FE.3 (Element Type) 8. -
17-24 F?.B Junction 1 (IN) -——
25-32 F8.3 Junetion 2 (OUT) —_—
33-40 Fe.3 Junction 3 (CD) Optilonal ——
41-48 F8.3 Size 1 IN (See Options)
49-56 F8.3 Size 2 IN (See Options)
57-64 F&.3 Size 3 IN (See Options)
65-72 F8.3 Displacement IN3/REV
73-80 F8,3 Load Torque IN-LB
COLUMKS FORMAT DATA CO/ENSIONS
1-8 F8.3 Efficiency Decimal % O.-+1.
9-16 PR, 3 CD Leakage (Optional) IN3/SEC/1000 PSI
17-80 Blank —
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TYPE 8 HYDRAULIC MOTOR INFUT DATA
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2.1.4.9 Type 9 - Flow Through Reservoir

Junction 2 (Always Bootstrap Port}
Size 2

AHP (High Pressure Area)

BS

Y,

Vent
to Atmosphere

TSI TL IS,

VIIIIIIIII

;

Qil
Sl JARTL RN A CTLLLLRAR R ALY,
NN N

ALP (Low Pressure Area}—

AR,

S - Suction Port
BS - Buotstrap Pressure Port

AT FTITITSES,
VIIPETFTITIET TS

2

w

Size 3

Junction 3 (Always
Suction Port)

Size 1
Junction 1 (Always Return Port)

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 I.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 geilng 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 equivalent
seal friction force where: SEAL FRICTION FORCE(LB) = 10.X(SUM OF THE DYNAMIC

SEAL 0DS).
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CARD 1 FORMAT

CCOLIME FCPMAT Ty DI 0N

1 Tl (NUMBER OF CARDS) 2 —

2-8 7X BLANK _—

G=16 FE.3 (ELEMENT TYPE) 9. —_—

17-24 M3 JUNCTION 1 (R) _—

2L-32 e.3 JUNCTION 2 (BS) ———

33-10 YE.3 JUNCTION 3 (8) —

41-48 F8,3 SIZE 1 IN. (See Optioms)
49~ 56 8.3 SIZE 2 IN. (See Options)
5764 F&.3 SIZE 3 IN. (See Options)
£5-72 8.3 HIGH PRESSURE AREA N2

73-80 78,3 LOW PRESSURE AREA IN?

CARD 2 FORMAT

COTImNS WORAT . TA TITTTOVE

1-8 8.3 SEAL FRICTION LBS

9-80 BLANK _—
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EX

AMPLE

TYPE 9 FLOW THROUGH RESERVOIR INPUT DATA

2 DATA CARDS REQUIRED
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AP - psi

2.1.4.10 Type 10 - Special (Flow vs AF)

Junction 1 Junction 2
Size 1 and Size 2
Option 1 (Fitting End or Boss for Tube Size in 16ths of an in.}
Example: 6 = 3/8in,
Option 2 {Actual Fitting or Boss L.D. inin.)
Example: 0,297 in.

Size 1 Size 2
B B
g L—— q ——
l I
Q {gpm) Q (gem) Q (gpm)
6 Data Points 1 Data Point 1 Data Point
Normal Extrapolation Linear Extrapolation

GP79-0881.50

ELEMENT TYPE 10 - SPECIAL (FLOW vs AP)

The special category is used for elements which have 1 to 6 known
measured flow versus pressure drop points. These may be input as AP and Q
values with up to six polnts used to describe the characteristic curve. The
element 1s considered to have one inlet and one outlet port. The viscosity
of the fluid for which the data was taken 1s also required.

One or 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. All pressure

drop data points are input before the first flow data point. Input data points
should be in ascending order. If a number greater than 0 is placed after the

last flow value, linear iInterpolation will be used, except for 6 data points.

NOTE: Flow polnts are input directly after pressure points. For example,
if 2 data points are input, the 2 flow points are input in the

first 2 columns of Card 2,
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CARD 1 FORMAT

COLUMNS FORMAT DATA DIMENSIONS
1 11 (NUMBER OF CARDS) 1 or 2 —
2-8 7% BLANK —
9-16 F8.3 (ELEMENT TYPE) 10. _—

17-24 3 JUNCTION 1 —
=32 78,3 JUNCTION 2 ——
33-40 7.3 SIZE 1 IN. (See Options)

41-48 F8.3 SIZE 2 IN. (See Options)

L9-56 F8.3 FLUID DATA VISCOSITY CENTISTOKES
57-64 F&,3 NUMBER OF POINTS —_—
65-72 F8.3 PRESSURE DROP 1 PSI
73-80 .3 PRESSURE DROP 2 PSI

CARD 2 FORMAT

COLUMNS FORMAT DATA DIMENSIONS
1-8 F8.3 PRESSURE DROP 3 PSI
©-16 Fe.3 PRESSURE DROP 4 PSI

17-24 R, 3 PRESSURE DROP 5 PSI

25-32 ¥8.,3 PRESSURE DROP 6 PSI

33-40 78, FLOW 1 GPM

h1-48 F8,3 FLOW 2 GPM

49-56 F8.3 FLOW 3 GPM

5764 2.3 FLOW & GPM

65-72 8.3 FLOW 5 GPM
73-80 ¥8.3 | FLOV 6 GPM
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2.1.4.11 Type 11 — Flexible Hose

I L |
Junction 1 ! i Junction 2
7
Size 1 Size 2
82 _ Junction 2
- \ .
Junction 1 Size 2
— — "\ B1 Size 1 and Size 2
I ———
Option 1 (End Fitting for Tube Size in 16ths of an in.)
Size 1 Example: 6 = 3/8 in.

ol
Option 2 {End Fitting Bore Dia)
Example: 0.294 in.

GP74-0772-14

ELEMENT TYPE 11 - FLEXIBL.E 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 iInput 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 1s 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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€£22%68
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CARD FORMAT

U wOpTT Ty ARSI A
1 1l (NUMBER OF CARDS) 1 _—
2-8 7 BLANK —_
9-16 12,3 (ELEMENT TYPE) 11. -—

17-24 L3 JUNCTION 1 _—
.:32 8,3 JUNCTION 2 —_—
3140 7,3 SIZE IN. (léths)
4y -lep w3 HOSE INSIDE DIA. IN.
NG-56 f’ 3 LENGTH IN.
57-(k R .3 B..r'.'.i]) ANGLE DEG
£5.72 TE.3 BEND ANGLE DEG
73-80 78.3 BEND ANGLE DEG
EXAMPLE

TYPE 11 FLEXIBLE HOSE INPUT DATA
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2.1,4.12 Type 12 - Heat Exchanger or Radiator

Hydraulic

Wiy

Cooling Fluid Flow

L T,

Size 1 and Size 2

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

GP74.0772.12

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 is 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
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COLUMNC FORIAT DA TA DI LONS

I

1 Il (NUMBER OF CARDS) 1 —

2-8 X BLANK _—

9-16 F&.3 (ELEMENT TYPE) 12. —

17-24 ’.3 JUNCTION 1 -—

25-32 8.3 JUNCTION 2 _—_

33-40 .3 SIZE 1 IN. (See Options)

L1-hr w3 SIZE 2 IN. (See Options)

49-5€ ¥R, 3 RATED FLOW GPM

S57-64 F&.3 RATED PRESSURE DROP PSI

65-72 8.3 RATED VISCOSITY CENTISTOKES

73-80 BLANK _—

EXAMPLE
TYPE 12 HEAT EXCHANGER OR RADIATOR INPUT DATA
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2.1.4.13 Type 13 ~ Floating Branch Point

Element Requiring

Pressure Informat;
Type 13 ation

Junction Number Type 13
Junction Number

Connecting Element Connecting E| t
emen

GPT9-0881-12

ELEMENT TYPE 13 - FLOATING BRANCH POINT

The floating branch point input is used to specify points in the system
where additional calculated pressures are desired., Element types 1, 2, 3, 6,
1o, 11, 12, 21, 22, 23, 31, 32 and 33 do not have a pressure calculated at
their junctions unless they are connected directly to a branch point element.
If it is desired to have the pressure calculated at the inlet and outlet of a
type 6 filter for example, each junction number is input on a type 13 data
card in addition to the normal data input. This applies to all of the elements
listed above. A tube for another example could be modeled as several sections

with type 13 junctions included at the end of each sectiomn. Pressures would

then be calculated at intermediate points in the tube.
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CARD FORMAT

COLUMNS FORMAT — PATA DIMENSTONS
1 g (Number of Cards) 1 _—
2-8 7X Blank -
9-16 F8.3 (Element Type) 13. —-—
17-24 F8.3 Junction No. _— ‘
25-32 F8.3 Junetion No. -
33-to F8.3 Junction No. —
41-48 8.3 Junction No. -
49-56 F8.3 Junction No. —
57-64 FE.3 Junction No. —
65-72 F8.3 Junction No. —_—
73-80 F8.3 Junction No. -—
EXAMPLE
TYPE 13 FLOATING BRANCH POINT INPUT DATA
] 13. 2410, 245,
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2.1.4.14 Type 14 - Junction Point Temperature Input

The junction point temperature input is used to specify temperatures at
junctions which are branch points in the system. Any junction of the follow-
ing components may be input for element types 4, 5, 7, 8, 9, 13, 24, 25, 34,
35, 36, 37, 91 and 92.

This input is used in conjunction with the system temperature input of
Card 6. Card 6 temperature initializes all junctions to the system temperature.
The type 14 input overrides the initialized temperatures.

For example 1f a temperature of 100°F was input on Card 6, all junctions
will initially be at 100°F. Before the calculation program is run a check is
made to determine i1f any Type 14 temperatures have been input. If a Type 14
temperature of 40°F was input for 3 junctions, these 3 values will be input at

the specific points for calculation of the leg viscosities. A maximum of 100

points may be input.

CARD FORMAT
COLUMIS FCRMAT TATA DIMENSIONS
1 n (Number of Cards) 1 ——
2-8 ?i Blank _—
9-16 FB.3 (Element Type) 14, _—
17-24 F?.B Temperature DEG F
25-32 F8.3 Junction No. —-
33-40 Fé.3 Junction No. _—_
41-48 F8.3 Junction No. -—
49-56 F8.3 Junction No. -—
57-64 F8.3 Junction No. —_—
65-72 F8.3 Junction No. ——
73-80 F8.3 Junction No. —
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EXAMPLE
TYPE 14 JUNCTION POINT TEMPERATURE INPUT DATA

1 14. 100. 95. 100, 115, 145, 185. 175.
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2.1.4.15 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.

GP74-0772-18

ELEMENT TYPE 21 - 45° ELBOW

The 45° elbow like the union is also a connector to join 2 tubes or join
a tube te 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

COLIMMNG TORVAT PATA DTMENETCONS
e
1 n (NUMBER OF CARDS) 1 ———
2-8 X BLANK
9-16 8.3 (ELEMENT TYPE) 21. -
17-24 FB.3 JUNCTION 1 _—
25-32 8.3 JUNCTION 2 ~——
3340 FE.3 STZE 1 IN. (See Options)
41-48 F8.3 SIZE 2 IN. (See Options)
49-80 BLANK _—
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TYPE 21 45° ELBOW DATA INPUT
i 21, 30, 85, 6. 6.
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2.1.4.16 Type 22 - 90° Elbow

N .
D4

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.

GP74-077217

ELEMENT TYPE 22 - 90° ELBOW

The 90° elbow 1s 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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OEr E222E8

CARD

FORMAT

COLIMNS FCPIAT PATA DIMENIIONS
1 n (NUMBER OF CARDS) 1 —
2-8 7X BLANK
9-16 F8.3 (ELEMENT TYPE) 22. —
17-24 Fe.3 JUNCTION 1 ——
25-32 F8.3 JUNCTION 2 ———
33-40 FE.3 STZE 1 IN. (See Options)
41.48 FR.3 SIZE 2 IN. (See Options)
49-80 BLANK _—
EXAMPLE
IYPE 22 90° ELBOW INPUT DATA
1 22. 10, 21, 12, i2.
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2.1.4.17 Type 23 - Reducer

Junction 1\ m /Junction 2
Size 1/ % \ Size 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=10/16in.
or
Option 2 (Fitting End or Boss 1.D.)
Example: Size 1= 0.391 in.
Size 2=0.484 in.

GP74.0772-16

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

COLUMMNG FCRIAT TATA DIMEYEI0NS
1 T {NUMBER OF CARDS) 1 -
2.8 7X BLANK —_—
9-16 2 (FLEMENT TYPE) 23. —_—
17-24 F8.3 JUNCTION 1 ——
25-32 8.3 JUNCTION 2 -
3340 1208 SIZE 1 IN. (See Options)
41-48 ¥8.3 SIZE 2 IN. (See Options)
49-80 BLANK -—
EXAMPLE
TYPE 23 REDUCER INPUT DATA
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2.1.4.18 Type 24 - Tee

g S QY

Junction 1 —] | Junction 3
|
|

Size 1 Size 3

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,

GPT4D?7218

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. The 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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22363

|44

CARD

CARD FORMAT

COLIMNS FCPIAT PATA DIMENSIONS

1 n (NUMBER OF CARDS) 1 —_—

2-8 7X BLANK -—

9-16 F8.3 (ELEMENT TYPE) 24. —

17-24 F8.3 JUNCTION 1 —

25-32 F8.3 JUNCTION 2 —

33-40 F€.3 JUNCTION 3 _—

41-48 F8.3 SIZE 1 IN. (See Options)
Lg-56 F8.3 SIZE 2 IN., (See Options)
57-64 F&,3 SIZE 3 IN. (See Options)
65~80 BLANK —

EXAMPLE
TYPE 24 TEE INPUT DATA
1 24, 3s. 45, 40, 12 4. 3.
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2,1.4.19 Type 25 - Cross

Junction 2
/- Size 2

| :
| Size 3

I Junction 3

l_ — /_ {Always Opposite
+ Junction 1}
|
I

Size 1
Junction 1
(Always Opposite Junction 3}’-: e ——

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 {.D.

or
Option 2 {Actual Fitting I.D. at End for Size 1 and Size 2) \
Size 4

Example: 0.172 in. T\
Junction 4
GPA-0772-11

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 ocne
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 iInput, 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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COLUMNG FOPMAT TATA DIMEEIICNS

1' g (NUMBER OF CARDS) 1 —

2-8 7X BLANK

g-16 8.3 (ELEMENT TYPE) 25. _—

17-24 F8.3 JUNCTTON 1 —

25-32 8.3 JUNCTION 2 _—

33-40 .3 JUNCTION 3 —

41-48 8.3 JUNCTION 4 _—

49-56 ¥8.3 SIZE 1 IN. (See Options)
57-64 F&.3 SIZE 2 IN. (See Options)
65-72 F€.3 SIZE 3 IN. (See Options)
73-80 F8.3 SIZE 4 IN. (See Options)

EXAMPLE
TYPE 25 CROSS INPUT DATA
= EEER i, EETR FEER L 4, 3.
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2.1.4.20 Type 31 - 1 Way Restrictor

Junction 1
{Always “In‘ Port J ion 2
Restricted Flow Direction} unction
e
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.

GP74-0772-25

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. If 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 Il (NUMBER OF CARDS ) 2 -—
2-8 7Y BLANK —
9-16 1.3 31. (ELEMENT TYPE) -
17-2U 1.3 JUNCTION 1 -
25=-32 8.3 JUNCTION 2 -
33-40 .3 SIZE 1 IN. (SEE OPTIONS)
h1=bf. ¥R, 3 SIZE 2 IN. (SEE OPTIONS)
ORIFICE DIA OR
h9-st, 23 .
195 -3 | RATED DP_(RESTRICTED) IN. OR PSI
_ DISCHARGE COEF OR
- ¥ —_—
57-64 '¥.3 | RATED Q (RESTRICTED) OR GPM
FREE FLOW CRACKING
65-72 F8.3 | PRESSURE (OPTIONAL) PS1
F.F. RATED DP
73-80 Fe.3 (OPTTONAL) PSI
CARD 2 FORMAT
coLmes FCPHAT A TH TR IONS
. F.F. RATED Q
1-8 F8.3 (OPTIONAL) GPM
9-80 F8.3 BLANK _
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2.1.4.21 Type 32 - 2 Way Restrictor

QOrifice

Size 1 Dwmeter "

I

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 B/16 in.

Option 2 (Actual F|tt|ng of Boss 1.D.}
Example: 0.391 in.

GP74-0772-24

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.

One card is required for input data. Junctions 1 and 2 correspond to
Size 1 and 2 respectively. The orifice diameter and coefficient of discharge
or the rated flow and rated pressure drop may be input. If no coefficient of

discharge 1s input, the element model selects 0.6.
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CARD FORMAT

COLUMNG FOPMAT TATA DINENS TONS
1 Il (NUMBER OF CARDS) 1 ——
2-8 7X BLANK —
9-16 FB.3 (ELEMENT TYPE) 32, -
17-24 8,13 JUNCTION 1 ket
25-32 8.3 JUNCTION 2 -
33-40 FE.3 STZE 1 IN. (See Cptions)
4148 .3 SIZE 2 IN. (See Options)
KATED FPEBESSUEE DRUF UK
L9-56 F8.3 ORIFICE DIA. IN.
RATED FLOW UK
57-64 .3 DISCHARGE COEFFICIENT _—
£5-80 BLANK _—
EXAMPLE
TYPE 32 2 WAY RESTRICTOR INPUT DATA
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2.1.4.22 Type 33 - Relief Valve

Size 2
Size 1

- ey -

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.

GP74-0772-19

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 1is 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.
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\ : + b +

CARD FORMAT
oo roTveT [ prrerLaf
1 Il {NUMBER OF CARDS) 1 -
2-9 7 BLANK —-—
9-16 FEL3 (ELEMENT TYPE) 33. —_—
17-24 S JUNCTION 1 -
25-32 0.3 JUNCTION 2 —
33-4C .3 SIZE 1 IN. (See Options)
h1-i# w23 SIZE 2 IN. (See Options)
RELIEF VALVE PRESSURE
1T P 1S PR
ro=J P83 SETTING PST
57-80 BLANK —-—
EXAMPLE
TYPE 33 RELIEF VALVE INPUT DATA
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2.1.4.,23 Type 34 - Valve (4W - 3P)
Junction 1 {Aiways High Pressure Port} Junction 2 (Always Return Port)
Size 1- Size 2

P - Prassure Port
R - Return Part
C3 - Cylindar Part
C4 - Cylinder Port

c3 C4
Size 3 Size 4
Junction 3 Junction 4
P R P IJ R P R Size 1, Size 2, Size 3 and Size 4
LNﬂAﬁ—J Option 1 (Fitting End or Boss for Tube Size
in 16ths of an in.)
Example: 8 = 8/16 in.
i S Opti it
ption 2 {Actual Fitting or Boss 1.D.)
c3 ca c3lll Wes c3 - Uica Example: 0.391 in.
Control Control Control arI4-0772.28
Code ® Code 1 Code 2

ELEMENT TYPE 34 - VALVE (4-WAY - 3 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 Ck
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.

Two cards are required as input data. The junctions 1, 2, 3 and 4 ports
are identified. Sizes 1, 2, 3 and 4 correspond with the same junction number
with options 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 is input to allow for other type fluids

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

82



4 WAY - 3 POSITION
CARD 1 FORMAT

COLUMM FOPMAT TATA DIMENSIONS

1 Il (NUMBER OF CARDS} 2 ——

2-8 73( BLANK _—

9-16 F&,3 (ELEMENT TYPE) 34. —

17-24h TR, 3 JUNCTION 1 (P) _—

25-32 F8.3 JUNCTION 2 (R) _—

33-40 re.3 JUNCTION 3 (c3) —

41-L8 FR.3 JUNCTLON 4 (C4) _—

%9~ 56 FR.3 SIZE 1 IN. (See Options)
57-64 ¥, 3 SIZE 2 IN. (See Options)
£5-72 F&.13 SIZE 3 IN. {(See Options)
73-80 F8.3 SIZE & IN. (See Options)

CARD 2 FORMAT

COLUMNS FORIAT T TA PIIERSIONS

1-8 8.3 ?2?:]3) glﬁo?cgkgn JCT 1 TO CoM

9-16 rR.3 xggg ?T%SSURE DROP FOR PST

e | o |rsesimon i o | onmisrons
25-%2 FR.3 IjFégKgGE FLOW FROM JCT 1 TO GPM

33-40 FR_ 9 Egﬁgﬁﬁ}qgmp FOR LEAKAGE PST

41-48 FR,3 OPERATING CONTROL CODE —

43-80 F8.3 BLANK _—
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2.1.4.24 Type 35 - Valve (3W - 2P)
Junction 1 (Always High Pressure Port) Junction 2 {Always Return Port)
Size 1 Size 2

P - Pressurs Port
R - Raturn Port
C3 - Cylinder Port

c3
Size 3
Junction 3
P R P R Size 1, Size 2, Size 3
L’VWLJ 1 Option 1 {Fitting End or Boss for Tube Size
in16 f an in.
Control Control IlE':(am:)';::OS inallnlé in
Code 3 Code 1 or
T Option 2 {Actual Fitting or Boss 1.D.}
(o< c3dll Examptle: 0.391 in,
GPT4-0772-28

ELEMENT TYPE 35 - VALVE (3-WAY - 2 POSITION)

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

Two cards are required as input data. The junctions 1, 2 and 3 ports
are identified. Sizes 1, 2 and 3 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 temper@ture.

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.
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3 WAY - 2 POSITION
CARD 1 FORMAT

INORN e mA T e i
1 1t (Number of Cards) 2 -
2-8 X Blank ——
9-16 8,3 (Element Type) 35. -

17-24 I?.3 Junction 1(P) -
25=30 8.3 Junction 2 (R) -
33-C .3 Junction 3 (C3) -
1-42 ™3 Blank -

- €f, e Si .
b9-56 e Size 1 In.{See options)
L6l FE.35 Size 2 In.(S5ee options)
65-72 F2.3 Size 3 In.(See options)
73-80 TR, 3 Blank -

CARD 2 FORMAT

COLUIES FCIAT TATA TIIERICTE
1-8 8.3 Eitﬁng%ow from JCT 1 GPM

_ 0 Rated pressure drop for

9-16 FE.3 rated floyw PST
. Viscosity of Fluid for ,

-0t e
L7-2h Fe.3 rated conditions Centistokes
25-32 2.3 Leakage flow from J{ 1 GPM

to JCT 3
3340 R 3 Pressure drop fo' Lleakage PSI
: conditiong
4100 &, 3 Operating control code -
49-80 Fe, 3 Blank _
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EXAMPLE

TYPE 35 VALVE {3W-2P) INPUT DATA
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2,1.4.25 Type 36 - Valve {2W - 2P)

Junction 1 {Always High Pressure Port} Junction 2 {Always Return Port}

Size 1 Size 2
N I

P - Pressure Port
R - Return Port

P R P [f1R Size 1, Size 2

LWVL—' ! 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 I.D.)
Example: 0.391 in.

Control Control
Code 3 Code 1

QP r4-0772-28

ELEMENT TYPE 36 - VALVE (2-WAY - 2 POSITION)

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 3.

Two cards are required as input data. The junctions 1 and 2 ports
are identified. Sizes 1 and 2 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 is input to allow for other type fluids and

temperatures. The rated pressute drops at rated flows are input.
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2 WAY - 2 POSITION
CARD 1 FORMAT

oLl FCRMAT TA TA TIMETIIC

1 Il {Number of cards) 2 -
2-8 ?k Blank _—
9-16 F&.3 (Element type) 36. -
17-24 FR.3 Junetion 1 (P) _—
25-32 8.3 Juntion 2 (R) _
33-40 ¥, 3 Blank -
L1-48 F8.3 Blank —

45— 56 F8,3 Size 1 IN (See options)
57-64 FR.3 Size 2 ' IN (See options)
65-72 78,3 Blank -
73-80 8.3 Blank -

CARD 2 FORMAT
COLWNS FORVAT TATA TITVETICNS

1-5 8.3 Egtgngéow from JCT 1 -

9-16 1.3 | Tated bom e TP e pS1
17-24 F.3 ¥;§;gségzd2£i£igid for Centistokes
2532 8,3 %gagé%ezflow from JCT 1 CPM
| o | Dt e |
L1-48 3.3 Operating Control Code -

49-80 .3 Blank -
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QEr £22148

EXAMPLE

TYPE 36 VALVE (2W-2P) INPUT DATA

2 CARDS REQUIRED
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2,1.4.26 Element Type 37 Flow Regulator

Junction 1
{Inlet Port)

Size 1 —/
GP70-0981-36

ELEMENT TYPE 37 - FLOW REGULATOR

Junction 2
{Outlet Port)

Flow

Size 2

The flow regulator is used to establish a constant flow rate in a system leg
regardless of the upstream or downstream pressure. Input data are the inlet
and outlet junction numbers, sizes, the regulated flow rate and the minimum

pressure drop across the valve to obtain the regulated flow rate.
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COLUMNS FCRMAT TATA DIMENSIONS
——
1 n (Number of Cards) 1 —_—
2-8 7 Blank —-
9-16 F&.3 (Element Type) 37. R
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 Size 2 IN. (See Options)
bo-~56 F8.3 Rated Flow GPM
57-64 F8.3 Minimum Pressure PSI
65-72 F8.3 Blank, —
73-80 F8.3 Blank _—
EXAMPLE
Element Type 37 - Flow Regulator
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2.1.4.27 Element Type 38 - Restrictor Sizer

Junction 1 Junction 2

Restrictor
Sizer

Size 1 Size 2

GPTI-0081-35

ELEMENT TYPE 38 - RESTRICTOR SIZER

The restrictor sizer (orifice sizer) calculates an orifice diameter for a given
flow rate in a leg. For example, in a multiple leg system it is desired to
operate a subsystem from one position to another position in 3 seconds.

The required average flow rate for 3 seconds operation is calculated and

input as a type 38. The math model sets the flow rate in the leg at the

input flow rate and calculates the inlet and outlet pressures. These pressures
are determined during the dynamic balance which calculates the flow balance

in all legs of the system. The difference in pressure is then used for
calculating the orifice diameter. See Appendix D, Volume VI Technical

Description for discussion of the orifice sizing technique.
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COLUMNS FORMAT DATA DIMENSIONS
1 n (Number of Cards) 1 —
2-8 7X Blank —
9-16 F&.3 (Element Type) 38. -
17-24 F8.3 Junction 1 —
25-32 F8.3 Junction 2 -
33-40 78.3 Size 1 IN. (See Options)
41-48 8.3 | size 2 IN. (See Options)|
49-56 F8.3 Rated Flow GPM
57-64 F8.3 Blank —
65-72 F8.3 Blank —
73-80 F8.3 Blank —
EXAMPLE
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2.1.4.28 Type 91 - Appendix Reservoir

Junction 2
Size 2

AHP (High Pressure Area)
MIN

%

Vent
to Atmosphere

IIIIIIIIIJI

\Q

?.
)
N
N
3
N
\

Iltt

S-R Suction-Return Port
85 Bootstrap Port

/ N
ATTIALALL /ARALLALRR AR LA R R VAL v

IIIIII’IIIII'

§-
Size 1

Junction 1
ALP (Low Pressure Area)

Size 1 and Size 2

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

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

GPTALTIZN
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 1s 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 reserwoir piston along with the
low pressure area are input. The seal friction force is calculated as shown

for the type 9 reservoir.
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CARD FORMAT
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h1-48 ¥R 3 SIZE 2 IN. (See Options)
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2.1.4.29 Type 92 - Constant Pressure Reservoir

So N S S s

’
r
'3
r
4
/
ra
”
LA
#

FEEIEf
.

N

VAR s s AP,

Cerpir

Size 1
Junction t

Siza 1, Size 2

Option 1 (Boss for Tube Size in 16ths of an in.)
Example: 12 = 1216 in.

Option 2 {Boss I.D. inin.)
Example: 0,608 in.

ELEMENT TYPE 92 -~ 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 out junction
numbers and port sizes are entered along with the constant pressure

value on this card.
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CARD FORMAT

COLITM. FCRIAT PATA DTIErs 100
1 11 (NUMBER OF CARDS) 1 -
2-R 7% BLANK -
9-16 Fe8.3 (ELEMENT TYPE) 92. --
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33-he .3 SIZE 1 IN. (SEE OPTIONS)
N-he F1. 3 SIZE 2 IN. (SEE OPTIONS)
ho-s6 7R, 3 PRESSURE PSI
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EXAMPLE

TYPE 92 CONSTANT PRESSURE RESERVOIR DATA INPUT
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2,1.5 End Card

The ernd card for the data deck is the last data card,

placed in Column 1

and the 0,in column 9 indicates the end of data,

An integer 1 is

COLUMNE FGRMAT DATA DIMENS EOH
1 iy ENTER 1 -
2-8 7 BLANK -
9-16 FE&.3 ENTER 0, -
17-8¢ ‘ BLANK -

i

EXAMPLE END CARD
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2.1.6 Program Deck and Input Data

The program deck and data cards are assembled as shown in Figure 5.

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 4 Fluid Temperatures

Card 3 Fluid Viscosities

Card 2 Fluid Name

Card 1 Program Title

SSFAN Program Deck with
Subroutines and Control Cards

FIGURE 5
SSFAN PROGRAM DECK AND INPUT DATA
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Card 6 System Temperature -
\_ Altitude - Data Output
Card 5 Fluid Density/Temperature
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SECTION ITI
PROGRAM OUTPUT

For illustration, simple hydraulic systems of the types shown in Figures 6
and 11 are modelled to indicate the output which may be cbtained with SSFAN,
Normal input parameters set the system characteristics or resistances in each
leg for the input conditions of fluid type and temperature and fluid altitude.
The network flow halance, pressures at branch points and leg pressure drops are
calculated for this one set of conditions.

Program Output is of 4 basic types. The first output is the individual
element data, output exactly as it was read into the program. This may be used
for reference when first setting up the system to ensure that the data was input
correctly. The second output is the road map or system assembly. This gives
the junction numbers and the corresponding computer assigned pressure point
number. Alsc, each leg number and the corresponding junction number and computer
assigned pressure point number at each end of the leg are output. The third
output prints the pressures at each junction point or end point in the system
along with the flows in each leg. This output corresponds directly with the
system assembly road map described above. The fourth output is a special quasi-
transient type output and is described in Section 4.

3.1 SSFAN Sample Case Number 1

Sample case number 1 is the simple hydraulic system shown in Figure 6.
This is a ? actuator load system with the solenoid valve in position to extend
the actuators each against 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 RPM. The reservoir

is a flow through type with bootstrap pressure.
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Figure 7 shows a typical first page data output page giving the system data
parameters exactly as they were iInput.

Fipure 8 shows the individual element data exactly as it was input.

Figure 9 is an example of the pressure point number and leg assembly number
assignments. The junctibn numbers at leg ends correspond to the numbers of
Figure 6 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)}. It may be noted that the bootstrap pressure line (260-45) and
the accumulator line (65-295) have 0. flow and 0. pressure drop. Also, looking
at the reservoir return line (250-230) and the pump suction line (3-265), system
flow is being made up for the system from the reservoir because the unbalanced
area actuators are extending. If the leg is assembled opposite to the direction
of the actual flow, the flow is printed out as negative (-), see Figure 10.

Addition of flows will show that the flows are balanced within .01 gpm.

Of 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
(12.84 gpm) plus the case drain flow (.66 gpm) equals the flow in the suction port
(13.50 gpm).

Figure 10 also gives the pressure point data. The pump case pressure (junction
3) is seen to be 135.85 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 3075.88 because
the pump compensator is referenced to the case drain pressure. The reservoir
interval pressure may be seen to be 53.07 PSI and the suction pressure at the

pump is 50.56 PSI.
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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 11 illustrates a more
complex circuit for analysis because it is not just another parallel lcad to the
original 2 actuators. It ties 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 12 and 13 show the system assembly and output flows and pressure
drops respectively. These results show data very similar to the sample case 1

data except there are more legs and branch points.
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SECTION Iv
QUASI-TRANSIENT INPUT AND OUTPUT

S55FAN may be run in the quasi-transient mode. With an input of time interval,
time step and some additional component element data, the quasi-transient
model may be used to predict subsystem operating times. Calculated data may be
output in tabular form and in computer graph plot form. The following element
types are used for quasi-transient Input and output data, These data are placed

with the normal SSFAN data.

ELEMENT TYPE DESCRIPTION
15 Time Interval and Time Step
16 Additional Component FElement Data
17 Valve Position vs Time Data
18 Valve Position vs Other Component Position Data
19 Qutput Data

4,1 Quasi-Transient Input

4.1,1 Time Interval and Time Step

The initial time, final time and desired time step are all input values.
The time step is optional. If the time step Is not input, a default value of
100 is used. 100 steps provide the steps needed for a complete graph output.

4.1.2 Additional Component Element Data

Additional data may be supplied for actuators, accumulators, motors
and valves.
4.1.2.1 Actuator

The additional data for am actuator consists of the quasi-transient
element type (16.), element type (4.), actuator extend port junction number,

number of points on load~-stroke curve and the load versus stroke points. All

plston position values are input and then load values are input in corresponding
order. One or two data cards are used depending on the number of peints input.

A piston position of 0. is when the actuator rod is full retracted. All piston
positions are positive from this point. A compression load on the rod is a positive

load and a tension load on the rod is a negative load.
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CARD FORMAT

COLUMNS FORMAT DATA -L_DIHENSIONS
1 n (Number of Cards) 1 —
2-8 7x Blank _—
9-16 F8.3 (Element Type) 15. -
17-24 F8.3 Initial Time SEC
25-32 F8.3 Final Time SEC
33-h0 F8.3 Time Step (Optional) SEC
4148 F8.3 Blank
EXAMPLE
TIME INTERVAL AND TIME STEP INPUT DATA
A7 1s. 4, s, Y
/’ 12sessrasnidiusnrodornsusdiaanilsunsrunve consnrnanannussresoans e

I
i

B F b a5 B 7 5 % 00 42 130415 1 1718 W22 224 HIT W29 N0 332 I3 I M I I N0 4 42 4244 45 46 4T 4840 30 51 52 5354 33 36 5T 48 99 &0
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A1 A7 47 o 4345 47 4D 43 5N

llill:llll!
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Y
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T
1771151171
ARENAENRT)
99

2

5
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399995493
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'FYREYRRLY.

n uuuqunuum
5555555555
|
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71171p1771

'
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CARD 1 FORMAT

COLUMNS FORMAT DATA DIMENSIONS
1 Il (NUMBER OF CARDS) 1 OR 2 - - -
2-8 ';x BLANK - -
9-16 ¥6.3 ggggligx.mnsmm ELEMENT N

17-24 F8.3 ACTUATOR ELEMENT TYPE 4. ---
25-32 F8.3 ACTUATOR EXTEND JUNCTION NO} ---
33-40 F8.9 ggﬁﬁg OF LOAD VS STROKE o
41-48 .3 PISTON POS 1 IN
49-56 F8.3 PISTON POS 2 IN
57-64 F8.3 PISTON POS 3 IN
65-72 F8.3 PISTON POS 4 IN
73-80 F8.3 PISTON POS 5 IN
CARD 2 FORMAT
COLUMNS FORMAT DATA DIMENSIORS
f—
1-8 F8,3 PISTON POS 6 IN
0-16 F8.3 PISTON POS 7 IN

17-24 8,3 ACTUATOR LOAD 1 LB

25-32 F8.3 ACTUATOR LOAD 2 LB

3340 8.3 ACTUATOR LOAD 3 LB

4148 F8.3 ACTUATOR LOAD 4 LB

49-56 F8.3 ACTUATOR LOAD 5 LB

57-64 F8.3 ACTUATOR LOAD 6 LB

€5-72 F8.3 ACTUATOR LOAD 7 LB
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TYPE 16 ACTUATOR LOAD VS, STROKE DATA
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4,1.2.2  Accumulator

The Quasi-transient accumulator 1s used in conjunction with the dynamic
accumulator element type 7., subtype 3, The initial fluid volume is input and
the initial gas/fluid pressure may be reset with the Quasi-transient element type
16, In the Quasi-transient mode, the dynamic accumulator gas pressure 1s calculated
to be an adlabatic compression or expansion, using a compressibility factor
correction.

4,1.2.3 Hydraulic Motor

Additional data may be supplied for the hydraulic motor with elemnt type 16.
Data points for overall efficiency versus motor RPM at a specific pressure difference
(such as 3000 PSID across the motor ports) are input. Data points for other pressure
differences are extrapoloted from a set of curves taken from actual test data and
programmed into the calculation subroutine, see Volume VI Technical Description.
Input data are the element type 16., element type 8, the pressure port junction
number, the number of efficiency wversus RPM data points and the data points.

All RPMS are input in ascending order followed by the efficiencies.
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CARD FORMAT

1

1'—“’.

TYPE 16 - ADDITIONAL COMPONENT DATA FOR

DYNAMIC ACCUMULATOR

7.

32

CARD 1

= =Y

3150,

COLUMYS FORMAT PATA e ——
1 n (Number of Cards) 1 _—
2-8 ?k Blank _—
9-16 F8.3 g;gziigransient Element L

17-24 F8.3 gggsziﬁ é;;:mglator L

| mo | seemlseer v

33-40 F&.3 Initial Fluid Volume N3

1-48 R ISt PSIG

49- 80 F8.3 | Blank —
EXAMPLE

Lt 2 14 % & 7 a9 10t I?l'\-‘ 5157 8 IJO 272 2!:4252.’?7! 230082 !ld!! !C!‘Sl!’l-ﬂl A2AT 44 A5 AL AT 4M 4T S0 W 5253 54 95 86 57 B W E” 61 £2¢3 4
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CARD 1 FORMAT

CL _ FORMAT DATA DIMENSIONS
1 Il {Number of Cards) 1 or 2 - - -
2-8 7X Blank S
G-16 FR.3 ggﬁlezransient Element L

17-24 F8.3 HYD Motor Element Type 8 - - -
25-32 F‘é.j Elzigzicl’zl;;Pressure Port o
33-40 F8. 3 r&;v:;;ugsﬁ) Tor Efficiencies —
41-48 78,3 ggﬁb;zigisEfficiency VS o
45-56 F8.3 |[reM 1 RPM
57-64 F8.3 RPM 2 REM
65-72 F8.3 RPM 3 RPM
73-80 F8.3 RPM 4 RPM
CARD 2 FORMAT

COLUMNS FORMAT L TATA DIVENSIONS
1-3 F8.3 RPM 5 RPM
9.16 F8.3 RPM 6 RPM

17-24 F8.3 RPM 7 RPM

25-32 F8.3 Efficiency 1 Decimal %

33-40 8.3 Efficiency 2

41-48 8.3 Efficiency 3

L9~56 FR.3 Efficiency 4

57-64 ¥8.3 Efficiency 5

65=-72 F8.3 Efficiency 6

73-80 F8.3 Efficiency 7
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EXAMPLE

TYPE 16 - ADDITIONAL COMPONENT DATA FOR HYDRAULIC MOTOR

th.

2 CARDS REQUIRED

CARD 1

5605, 200,

1 ¢ 32567 835001 I;BIOI 16 47 18 J‘OEIZ“!!2‘252;7H?390!|325.l‘30ﬁ!7!!04!l ‘24!44‘!154‘34950

3. o0,

ARG, .7d

.l525351556575|59&16‘2€364 I

T 72 3 « % & r 8 9400 (2 13 (4 18 16 17 18 18P0 2) 22 23?42:25272"9”!!32!!31 3% 36 37 38 W 40 M AZ 43 44 45 46 47 A8 49 B0 5 2 5354 55 56 3T 58 859 &)

[Il]UUI]:I]ﬂI]IJI]

12)85]6 78900

IRRERNEERT!
]
lzzzzpzzzz
3333313333
YRR YYOT]
P A 536 T 8
5555555555
EEEEBE666E
171171231171

1
88245882882

50859109999

6T R 3 ap

1 "I? [ B‘;iﬁl\Z 1314 1% 1617 18 19 20 ..

I 7 3 & % € 8B 9 100 12 (3 14 15 (& tr s .920?!22?52‘?526272!2‘9

noogozeocn

0o0n0i000obooosingol
i1z 13 14 1505 1 1w e 20
(RR] RREREE
2222222222
1331301111
|
44444044844
it 12 13 14 1sdbe 7 w9 20
5555555555
5666056668
SERRREREE
Besasfsass

99999,39999

LU I L Y L Y | e I i)

[

]
asocoiocloojooneoiooong

LI - A NN 1]

22222P222222222b2222
¢

3233383333333 31333
]

saaa4aidsafesaaalacns

1121314 nhe 17 g 20

55555'5555555555:55555
'

17345 T

666668666 6/5666666666
(SRERNERREIRRRRRERRE
1
3 |
SRR | EERHET] | KEREY

i
|
52035159999/99499,994999
et ray

LIRAIRE I LI HRE I7'15?G

tizwhs v una

1srl1n11111111|ﬁ|1lt
I

9w

202223247526 21 2828 30

IRRRENERNE!
]
2222202222
1
3338333233
]
44404444844
Bk annn
5555555505
B666ELEEEE
1
111117117

|
salBesessy

ponoonElRg

LI PR IR TR R TR LR ]
IARRRERERN
2222222222
S EXF! FFF]

132313 34 3506 37 38 18 40

555555558

3
g1444u4444
1

1
GEEB656666
1
[RRRRHEREE]
|
] EERXTER]

DDI}UBHBBEU

nn2uu 25"1'

lllll;llllflllll:llltl

)
222202222202222222222
|

[
3333333231333333113133
i

i
1444404444

1123334 3sh5 1 1 99 40

5555555955

44444

Praadinuasy.1mnn
5555555555
]
BEEGEE6666/5666666666
1
(RRSRNERRRIRRRRERRAE:

ssaas%ssssssasaﬁssua

agqgefqgsssssgsqesss

i 1
§399999999995999:99999

72879 3030 37 33 34 35036 37 M 38 400

2

CARD

iy 38,9 44l

11

nnnamnauon
13NN 35|JE 3723 3940|447 414445, 15 4) 4B 4150
REERIRRRE
1
z;z;ﬁzzzzz
33333133313
4440420444
4147 34 ls}te A7 4B 435D
5555555555
H
BEGEEEBEEE
[
11ITIMITi
1
3808BBRBES

59999199999

VG A7 80 8546 47 4B AT EQY51 92 B2 €1 sh55 <7 52 &

CT23TAS A 2T 2N N0N 32 313435 M I 38 A0 M AZAI 4L AB A6 T 4B A9 SO S 52 53 A AR BG ST TR RO LN €

g

uunuomnnnuoo[{lmuuuu

147334 45,4 A7 48 A3 50[51 52 57 54 53056 57 5B ST 60

(RERECRRRRIIRNRRUNRER
22222222200 022222222022222)22222
EEERLIY FEREREY FREF
S aadessediaesl

UEFREEl] lStll A7 40 495041 57 5) 4 55

5555555555/55555685555

]
Jaalqsaaaa
4e4d804t44

61 62 61 &¢ B3JE5 €7 €8 63 20|

5955555585
I i
EEGSGIGSSEEEGGBG:EEEEBESGSG:GEIEB
| '
7777?:?7777?7777:7177?7????:?711?

ARTENEY EX/IREREY INENINEY ENFRTT:

9999.5'59955959551999‘333"9‘"1’1‘3993

4142 47 40 4546 47 1349 5 u152535155|'if-‘ SB ! ECET T, 1o

DU{IDB,UDUUU

B' 62 B1 6% BIIGC E7 £ 6 10

1111”11111

2222222221202222222222

1 |
33333!3333333333:33333
1

44444102024

£! B2 6l 64 EEIEE T E183 7

95595655555
|

4440808444
k1 515 % 55ls6 57 58 sa 60
5555555555
)
EEGE6E66E66

EEEBE:EGGSS
1
7?717:”???

7777ﬂ77777

34098,18888(88880,88888

I[qunnulllnﬂaumunnn

5162 8 64 $3166 6 B2 69 TO{M 12 70 14 1'5 LRI RLE )

|II11|111H

AERREERRE!
22222%2222
ilss3aalss
]
AR,
55555/65535
ssssshssaa
IRRESRER] B
alaasﬁal:f
9ggqfassaﬁ

II73 bl

50 3 37 37 34 35 15 37 %8 39 40 4) 42 43 44 45 45 47 1545T5| 2 B354 35 35 &7 24 57 o7

J0000,0000¢

51 52 51 54 S513F 57 59 5% 67

111!1:!1111

UUBGO‘GUI]GW

1."34““'4‘ AT

rryrnprertd
!

2122222722
1133333313
]
4444444242
nannelen e,
555555553 :
|
66 6E6E6GE
11117771

1
88853:85688

1
95599@999993935w99997_

MAC 3GTHN {REV 20 FrR ?fJ)



CARD 1 FORMAT

COLUMNS FORMAT DATA_ DIMENS JONS
1 Inn (Number of Cards) 1 or 2 -
2-8 7X Blank —-
5-16 F2.3 g:;:i;-’;‘fansient Element L

| my | Yo e
| m | wlve inie e
33=-40 FB.3 g:mbﬁ' of Valve Position e
41-48 ¥8.3 TIME 1 SEC
4956 F8,3 TIME 2 SEC
57-64 F8.3 TIME 3 SEC
é5-72 F8.3 TIME 4 SEC
73-80 F8.3 TIME 5 SEC
CARD 2 FORMAT

COLUMNS FORMAT DATA DIMEKSIONS _!

— — - e ——
1-8 ¥8.3 TIME 6 SEC
9-16 F8.3 TIME 7 SEC

17-24 F.3 Valve Position 1 Opelie.lt;.nnggde

25=-32 F8.3 Valve Position 2

33-40 8.3 Valve Position 3
4148 F8.3 VYalve Position 4
49~ 56 F8.3 Valve Position 5
57-64 F8.3 Valve Position 6
65-72 8.3 Valve Position 7
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4.1.3 Valve Position vs Time Data

This data input is used when the valve is operated during the time interval.
The data input is designated as quasi-transient element type 17 for element types
34, 35 and 36. The element inlet pressure port junction number is also input.
1 or 2 cards are used depending on the number of valve positions input. The
total number of valve position versus time points are input, then all the
time values, followed by the valve position operating codes. The operating
codes correspond with those described in Section IL.

4.1.4 Valve Position vs Other Component Position Data

This data is input as quasi-transient elemenht type 18 and is typically
a valve, such as a sequence valve whose position is dependent on an actuator
position. The actuator 1s considered to be the independent element with the
valve the dependent element. The number of actuator stroke position vs valve
position points are input followed by the actuator peositions, then the valve

position operating codes.
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EXAMPLE

TYPE 17 - VALVE POSITION VS TIME
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CARD 1 FORMAT

COLUMNS FORMAT LJATA DIMENSIONS
1 I {Number of Cards) 2 ———
2-8 X Blank ——
9_16 FR.3 Quasi-Transient Element

Tvpe 18, ——
17-24 P.3 | (ndependenc Erements —-
25-32 Fe3 | fctustor mxtend Fore
33-40 F8.3 Valve Element Type —
3A_ (Nependent Element)
431-48 ¥8.3 Valve Inlet Pressure _
Junction Number

-5 | w3 | Nemwerof rosieion

57=-64 F&.3 Actuator Stroke Pos 1 IN

65-72 F8.3 Actuator Stroke Pos 2 IN

73-80 F8.3 Actuator Stroke Pos 3 IN

CARD 2 FORMAT

COLUMNS FORMAT PATA DIMENSTONS
1-8 F8,3 Actuator Stroke Pos 4 IN
9-16 F8.3 Actuator Stroke Pos 5 IN

17-24 F8.3 Actuator Stroke Pos 6 IN

25-32 F8.3 Valve Position 1 OperitingSCOde

33-40 8.3 Valve Position 2 o

41-.48 F8.3 Valve Position 3

49-56 F8.3 Valve Position 4

57-64 F8.3 Valve Position 5

65-72 8.3 Valve Position 6
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XAMPLE

TYPE 18 - VALVE POSITION VS ACTUATOR POSITION

2 CARDS REQUIRED
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4,2 Quasi-Transient Qutput Data

The quasi-transient element type 19 is used for data output requirements.
The junction number is used to identify the point at which output data is desired.
Data output is of 3 types.
l. - prassure versus time
2. - flow versus time
3. ~ actuator pilston position versus time
This type number is input in columns 25-32.
The initial steady state balance is printed as described in section 3.
Then, tabulated data is printed for all gquasi-transient type 19 input
junction numbers at each time step, see Figure 1l4. Figures 15, 16 and 17
are computer plots of the 3 options of output types. Data output types 1
and 2 may be used at any junction. Data output type 3 is used only for
actuators and plots the time history of the piston position. This plot may
be used to determine subsystem operating times.
The user has the option to set the '"y" scale on the computer plot if
desired. A 1. placed in columns 33-40, with the minimum and maximum values
TS

in the next 2 data fields respectively will set the "y'" scales. The "x"

scale is established by the time interval.

Figures 14,15,16, and 17 are quasi-transient data using SSFAN Sample Case

Number 1. Variable unequal increasing loads were placed on the actuators.

The valve was initially closed and then opened at .5 seconds., There is initial
pressure on the actuator because the actuator ports are not open to return,

see Figure 15. Figure 16 actuator flow rate initially increases hecause of

the other actuator and its increasing load. As both loads increase the actuator
flow rate then decreases. At 2.25 seconds the second actuator bottoms and

the flow is suddenly increased. The flow then continues to decrease as the

load increases. At 2.60 seconds the actuator bottoms, but there is still

leakage flow across the piston since the valve is still open,
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Q€I LZ2368

CARD FORMAT

COLUMNS FORMAT TATA DIMENSIONS
- — .
1 n (NUMBER OF CARDS) 1 S—
2-8 7X BLANK _—
QUASI-TRANSIENT ELEMENT o
9-16 Fe.3 TYPE 19
17-24 F8.3 JUNCTION NUMBER —
25=32 8.3 OUTPUT TYPE 1, 2 OR 3 —_—
SET OWN "y" 1 = YES —_—
33-40 F8.3 SCALES 0 = NO
41-48 F8.3 MINIMUM "Y" (OPTIONAL) —_—
49-56 ¥8.3 MAXIMUM "Y" (OPTIONAL) _—
57-80 ——- BLANK —
EXAMPLE
TYPE 19 - OUTPUT DATA
1 14, 143, i. 1. . 300,
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FIGURE 14 QUASI-TRANSTENT
TABULATED DATA
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VERSUS
TIME COMPUTER PLOT

128



5.00 +————rwoue e it L tutntned pmmm—————— pom———— R pomm R e L +
1 !
1 L
I i
L .
+ r
1 i
1 R
1 :
1 H
4.0u + +
1
I .
I .
1 l
+ +
I * i
I * L
L & T
1 *
3.0u o+ Foded kol * -
I * ok k Rk G n
1 *k * 1
1 wk * Ay !
I L] *\ Il
+ * xk v
I A i
I F h
L ¥ I
I L
2.00 + +
1 L
1 M
L 1
1 1
+ ¥
1 1
t 1
L 1
I I
lL.ou + +
1 1
I 1
I i
I L
+ +
I [
I 1
L 1
L e-te e o ke sk v kv e ok e Y e A e o o e ek ek e ko e Kk R T
=.Du ********“J' -------- —t s e e —— —t e ——— pem—————— pm———————- pr—r e — pmm——————— +
Q.00 1.00 2.0U 3. PR 3.
FLOwW (GP) VS TIAE {sLC) JUSKCTIUN R0, 145.00
Shran  —-  SAJMPLE CASE NUMBER L

FIGURE 16 QUASI-TRANSIENT FLOW

VERSUS
TIME COMPUTER PLOT

129



5,001 me————— [, Fr—r e m pom e pammmm—— A Aedede st drdedrde s deo ko ek ok ok ok e e e gk e Aok ok ek ko ke e
1 1
i L
I I
i I
+ / +
1 ’/ I
1 I
1 I
1 1
[ A - +
1 # t
I # 1
[ ¥ I
L * L
+ A +
i ; 1
I I
L H
L I
Saciu - +
1 & I
L ! I
[ / I
L I
+ 4 +
L % I
L * 1
1 ; I
L ¥ 1
z " T 7‘ +
i 4 1
i / I
i L
i I
+ +
I L
L I
L * 1
L L
L.uu 4 +
I I
L / 1
L /* I
L i 1
. 4 ;
L A 1
L A 1
i A 1
L £ 1
malL) KRR R AR A K e e e e bt e e p e ———— —tmm— e —m———————— e et
J.ul 1.0u 2.00 3.00 4.00 5.00
Slaton Pus(Ly) v [l (>LL) JUNCTIUN NO. 145.00
Saldas =m0 Ga e Uaadl SonwElr L
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VERSUS
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