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NOTICE

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 Government 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~~ 36l5—74—C—2Ol6.

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.

This report has been reviewed 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 -
SSFA N is a com~siter prograi~ 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 contr’~l 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 arty 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.

~SFA N may be used as an analytical program to ana lyze 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.

i--I



1.1 ~3eneral System Description

The system to be analyzed is first diagrammed as shown in Figure 1-1.

Junc tion points are added and numbered . Each component or element in the

system is defined by its physical characteristics and junc tion 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 number is calculated for each leg. Flow is determined

to be laminar, transition or turbulent. A ppropriate 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 ~l2
Q

Resistance from end 1. to end 2 of the leg

~12 = Pressure drop from end I to end 2 of the leg

Q Flow in the leg

eonductance is then r~efined as

012
R12

where G12 = Conductance from end 1 to end 2 of the leg

1—2
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then Q ~~ ~
‘l2

The net flow at any branch point (where three or more legs come together)

must be zero.

Therefore the flow requirement is satisfied if

E G1~ [P 1 
— P~ ± A P1J I —

~~~~~ ± 
~IK 

=

where

pressure at branch point I

pressure at branch point J

AP1J — a pressure rise or loss (from a pump or actuator)
in branch leg 13

~IK = Flied flow in branch leg us connected to
branch point I

Equations of the above form are input to the Matrix for solutiQ~of 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 . .3ee

Volume Ii for a detailed discussion of the solution technique.

1. 3 General Program Operation fescription

The general ~SFA N flow chart is shown in Fi.~ ure 1—2 . As the data is

read into the program , it  is sorted and stored in the appropriate element

array. tome element data such as tubing bend s are calculated for equivalent

lengths as the data is read in . The total equivalent length of the bend s

for the tube is then stored in the array.

rhe pwnp is estab lished as the f i rs t  componer~ 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

l-~4
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4 established as the continuity search is mad e .

A branch leg array is established containing all the active branch

legs. 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 Natrix 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.

l.La- Program Limitations

The following limitations apply to the current S~ FAN program.

(1) Ma ximum number of pumps ~4

(2) Maximum number of reservoirs I

(3) Maximum tube at 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 d iagram of his system with all

elements shown ; (2) the schematic is numbered at all “in” and “out” juncti ons

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 additiouai 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

preparat ion 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 reconinended that an orderly sequence of numbering be used ,

preferably skipp ing 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 juncti.n points. There are

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

~! -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 Sy8tem 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-)



2.1.3.] .  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 . 
-

COLUMN S FORMAT DATA DIMENSIONS

1 — 80 8AlO (NAME OF SYSTEM)

EXAMPLE CARD 1

Title Card Data

~~~ ‘-iH ~‘i11°t E i ’ } -  l1lil1~tER I — 2 w ’Tl.I~ Tt)R ~~~~~~~~~~~~
II I — I II I . . II .~~Z ::.‘,.4: . .II..) 11 ,3 ,J . ;34 3 ,A I

- - 
III . 1 , 1 I I; . :,:. ~~~~~~~~~~~~~~ lIt U ~~ ~~0 4 0 00 1 8 0 1 11 3 0 L I  C C e ll a l o c~IIoII :lIo 0 3 0 0 0 : 0 0 0  I C  0 0 0 0  o ;t 0 0 8 0 13 0 5 0 0 0 8 0 0 0

I ,, ~~‘. ~~~~~~~~~~~~~ .~~~~i I f l 1 .. ’~~ 1 7, l. ,

III l~ I I l I~ t i l l  i I I 1 1 1 1 1 ;  II l I~~ i l i  l~l I I  I I 1  l i i  I~I 1 1 1 1 1 1 1 1 1 1 1 1 1  I I  1 1 1 1 1 1 1 1  1 1  1 1 1 1

Ii i - ~~ 11 1 i 1.  2 2 2  . 12 2 2 : 2 2 2 2 1  2 2 2  ~ 7 2 2 2 1 2 1 1 2 1 2 2 2 1 2 2 2 2  ~‘2 2 2 2 2 2 2 2 2 2 2  2 2 2 2 2 2 2 2 2 2 2 7 2

3 3~ I: I. 3 :  i: ~~ . 3 3 1 3 1 1 3 3 1 3 3 3 3 3  ~ ~ ~~ ~ ~ ~ fl~~~

4 4  4 2 4 I4~: 4 4 4 4 .  1 t t ~~~~ 4 4 4  ~ 4 4 1 4 4 4 4 4 4 1 ;  4 4 4 4 4 1 1 4 4 : 4  II I 4 1 4 4 4 4 4 4 4 4  4 4 4  4~ 4 4 4  t
I . S I a 1 -I H U .43 ~ l 4!., 4 Ii i, - ii i _ I . ,., .4~~ i. . 4 1 1  l( I,i~~ Si ll , I ’ i l~~~ ~‘ i II II Ii

- - :1 L I ~~: I I  ‘
~ , 5 S i’ 5 5  ~ 5 IS 5 ~ 5 5 5  r 

~ 5 5 5 5 1 5 5 5 5  ~~ 5 5 5  5 5 5 5  5

I: - C C .  - 3~ 6 1 6 6 6 6 6  C .  ~It c~ 6 6 6  C l  8 6 1  3 6 6 6  6 !~ C 6 2 6 6 6 6 1 4 5 6 5  C 6 0 6 0 5 5 5 5 6
A4~ 1 .... N f I l  I L A u r Q MA T l~..)N ~~..._ \4PAN E : I :

1 1 1 1  ~ I •I  I l l  I I I ?  ~~i I I  I i  I l l I l I l l  I I  1 1 1 1 1  I I I  l I  1 1 1 1  3 1 1 M I I I I I I I I I I 1 1 1 1 1 3 1 1 1 1 1 l J 7 1 ’

8 5 0  ~ i 8 3  5 5 2  S C  ~ l 8 8 8 1 3 0 8 8  C 4 8 0 8  C~ 1 8 5 5 8  3 ! 1  Ii 0 0 5 8  i 0 8 6 0 3 8 2 6 0  2 5 0  8~ 0 3 0 5 0 5 0 5 5 1 0 0  5 8

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-~ , •1 . ‘ - ~. .1 . . ~. I i 1 1 1  , •,

2-14



2.1.3.2 Card 2 — Fluid Name

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

output data. Fluid names typically are MIL—H -.5606A , M I L—H — 5606B , MIL—H — 83 282 ,

SKYDROL 500B, etc. 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

/111 -H
I I I , ~ i ,  ,.:r ;I fla Sf 74 .3;4 7~~7G~~: I4 3~~I, 41 42 f 3 4 4 4 3 4~~ 4 PI3 1I7O ~~ 7?7 3S4 5fl6~~~ f4~~9’2 t1 l 4 i G 4

I II I - .~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ f 11 27 11 2 1 21 31 )O I I  5: $3 34 57 36 77 S4 S9 4 4 4 1 42 .5 44 fl 44 4f 45 4S f~~ ’

0 0 5 1  3 3  10 1  1 1 C C )  0 C l ID 1 0 0  0 0 0 0 0 0 0 3 0 0 0 0 0  0~O 0 5 0  0~0 0 0 0  C O O  8 0 0 0 4 0 0 4 0 8 0 0  o;o 0 0 0  O (O 0 0 0  U~I 0 0 0 0
• . 7 - - I • - I - .  71 . Il II . 1 7, 17 ,11 ii II II II Ii 4 . 4 14 4  f .,~. Ii 44 SI ll 1 11 11 44 4f

~
il 14 II 6 3 4  12 Si ll 65 , 6 4 4 7  1 1’ 1 7 3 13 4 7 , 1  34 II ‘I I:

I l l  I I I  I l i l l I l l  I~I 3 1  I~1 1 1 1 1 1 1 1 1  l~ l 3 1 1 1 1 1 1 1  I 1  1 1 1 1 1 1 1 1 1 : 1 1 1 1 1 1 1 1 1 1 : 1 1 1 1  1 1 1 1 1 3 : 1 1 1 1 1
I I I I I

2 2 2 Z ’ 2 2 2 2 ~~I ? ? 7 2 1 2 2 2 3 2 2 2 2 2 7 2 2 2 2 2 2 2 7 2 2 2 2 7 2 1 2 2 7 V 2 2 2 7 2 2 2 7 2 2 : 2 2 , 2 2 2 2 7 7 2 : 2 1 2 2 7 2 2 2 2 2 2 2 2 7 7

3 1 3 3 3 3 3 3  ~ ~~ ~ i ~ ~~ ~~ ~~~~~~~~~ 3 3 3 3 3 3 3 3  3 3  3 3 2  3 3 3 3  3 3  3 3 )  ~~~~~ 3 3 3 3

1 : 4 4 4 :  4 4 1 4 4 4 4 ,  4 4  IL 4 4  1 4 4 1 4 4 1 4 4 4 4 4 4 4 4 4 2 4  4 4  4 4  4 4 4 4 1 2 4 4 4 4 4 4 1 4 4 4 1 4 4  4
~

4 1 4 4  4 1 4 4 4  HI 4 4 4
- ~. -~ • 1’ ‘ - - , - - i. , - , - II r I ‘ ‘ 7 5: ’ Il II 1 21 . - , II . II i .  1. 15 44 1~ bS S U l ~ 1 ‘7 1 . 7  . II II Ill

4 8 0 8 0 1 1 6 1  iLL Il C ; , . 6 1 1 3  3 6 5 1  6 4 8 1 1 6 1  ~ 2 0 6 6 8  C O  4 6 6 2  5 6 6 3 6 6 4 6 6 C C  3 6  I 0 6 6 6 4  C 5 6 6 6 6 6 6 6 5 6 6 6 6
‘f-_ i  I 47JT0M4T 3.V’4 • O M~-’A n,V :

:‘ ~~~~~~~~~~ 2 1 1 1 1 1 1 )  I I  • i~I l I I i I I I I I I I I I  I I  1 0 1 1 1 0 1 1  110 I I I  ; 1 I 1 0 1 : 1 0 0 7 1 l 1 1 1 1 : 1 1 1 0 1 1 1 1 1  I I  0 7 1 1  ~

0 1 6 8 1 8  5 1 4  1 1 3  U~ • 4  2 4 5  ~ 0 8 0 8 O ~ 1 0 8  0 3 0 8 5 2 4 8 8 8 2 1 3  0 3 8 8 2 8 5 1 8 0 0 6 3 1 8 0 0 : 8 0 6 0 8 8 8 8 8  8 0  $ 0 5 0

1 1 ~ 3 $ 9  S S 9~ 1 1  ~i4 0 3 4 9 3  : 9 5 ,1 1 9 9 9  9 9  ~. ) 3 9  6 9 )  . ‘ii 2 0 0 3  0 3 0  9 9 9 9 )  o s  3 9 1 1
— I . I - ‘ i — - - — I . 6 1 1 4 ’ ‘ , • _ 4 4 1 .1 Ii • • 1 4 — ‘  l~ I I; ii ,a I I I  I ’ l l ’  U
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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

TEMPERATU RE VISCOSITY (CENTISTOKES)

(DEC F) MIL—j-1—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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COLUMN S FORMAT DATA DIMENSIONS

1 Ii NUMBER OF DATA PTS

2—8 7X BLANK

9—16 F8.3 VISCOSITY 1 CENTISTOKE S

17—24 F8 .3 2 II

25—32 F8 .3 U 3 I I

33—40 F8 3 II 4

41—48 F8 3 5

49—56 - P 8 3  6 II

57—64 F8.3 7 II

65—72 F8.3 8

73—80 F8 .3 9 1~

EXAMPLE CARD 3

Viscosity Data

‘4 2~~ 1~l. 4:~~~. 135. ‘~S • 14 .5  / . S 4 . ’~ ~.2 2.4
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7 3 7 I I S I I I I ’ ’ ’i ’ ’_ I I~~. ‘ 7  I ‘7 I - ’ : ’  ~ 4 3’ ‘I I ‘, ‘ 3 7 3 1 )1 j .~~II 7. ‘~ 7 7 1  4 4 ! , -  1 , 11 Il l$ ’ 7 4 1 2 7 . 4 , 4 . , -I ‘ 43 4’ ’! II 1’ 6 , 44 7’ I I I,  I ’ l l 4 ’ ) ~ ’4 II II III
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COLUMNS FORMAT DATA DIMENSIONS

1 Ii NUMBER OF DATA PTS.~ ~~~ 
__________

2-8 7X BLANK

9—16 F8.3 TEMPERATURE 1 DEC F

17—24 P8.3 I~ 2 II 1

7

25—32 F8.3 3 II

33—40 F8.3 4 II

41—48 F8.3 1I 5 II

49—56 F8.3 II 6

57—64 F8.3 “ 7

65—72 F8.3 8 II

73—80 F8.3 “ 9 1

EXAMPLE CARD 4

Temp~erature Data

9 ~~~~ — 4 1 . II . ~~~~~ 5 3919 . i”~’~~ C~I)I~. ~5) . 30’) .
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~
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~
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2.1.3.4 Card 5 — Density-Temperature and Viaco!fl~

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—Tempe ratur e

TEMP E RATU RE DEN SITY (LB/Yr 3)

(DEC F) Mfl—H— 5606A MIL—H— 83282 SKYDROL 500B MIL—H— 56O6 B

—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 field temperature.
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CARD FORMAT

COLUMNS FORMAT DATA DIMENSIONS

1—8 F8.3 DENSITY 1 LB/FT3

9—16 F8.3 DENSITY 2 LB/FT 3

17-24 F8.3 TEMPERATURE 1 DEC F

25—32 F8.3 TEMPERATURE 2 DEG F

33—80 —— BIANI( -—

EXAMPLE CARD 5

DENSITY-TEMPERAT URE DATA

‘ 5•’. ~ ‘51. ~~~~~ ~~~~~~~~ 

— - . - ‘-—. —- -- -—-—— _____________________________
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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 f or 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 inle t press ure

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 sys tem pressures and any
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external flows to or from a node. The BLEG array is used in the steady

state computat ion and it contains all the leg f low 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 t~ontains 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 f ie ld  5

is lef t blank , the output will be types 1 and 2 above . Any one, combination

of the fo ur , or all the four type ou tputs may be specified . A suggested

procedure is to use output 1. along with other outputs until the inpu t 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 DAT A DIMENSIONS

1—8 F8 .3 TEMPERATURE DEC F

9-16 F8.3 FINAL TEMPERATURE DEG F 
-

17—24 F8.3 T PERATIJRE I~!CRENENT 
— 

DEG F

25—32 F8.3 ALTITUD E FEET

33—40 F8.3 OUT PUT CODE NUMBER
___________ ____________ (OPTIONAL 1.2.3. AND 4) 

____________

41-48 F8 3 OUTPUT CODE NUMBER
____________ 

____________— (OPTIONAL 1,2 , 3. AND 4) 
_____________

49—56 F8.3 OUTPUT CODE NUMBER
_____________ ______________ (OPTIoNAL_ 1.2 .3._ 4ND_ 4) 

______________

~7 64 F8 3 OUTPUT CODE NUMBER
— (OPTIONAL 1,2 , 3 , AND 4) 

_____________

65 72 F8 3 ARRAY CODE NUMBER
— (OPTIONAL 1.2. AND 3) 

_____________

EXAMPLE CARD 6

System Fluid Temperature — Altitude — Output  Data Type

l l ’ . ‘ . ‘ , i~~. 1 1. 2 .

- - - I I ‘~~ b ’ I  
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3 3 3 5 1 1  
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1~ 3~~ 3 3 3 3  ‘~ I1’ ‘~~ Hi ~, 3 ~~ ~ 13
4 4 4 4 4 4 1 4 4  4 , 4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~ 

‘~ I~ I 1  1 I I H
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7 0 6 6  ~ G 6 6 6 5 6 - 6 6 G 1 6 5 5 6 6 6 6 6 0 1 6 6 1 5 5 : 6 5 6 5 6 5 6 6  6 6 6 6 6 6 6  6 6 6  5~5 6 6 6 6 . 6 6 5 5 6 :6 0 5 6 6 1 0 6 6 6 6 5 6 6 6
MCOONNLCL AUTOMATION COMPANY

I I I  l’~ 1 ? ? ?  I 7 1 7 1 : 7  1 1 1 7 1 1  I I  I I  I l l ? ’  I~7 7 7 7 7  1 7 1 7 : 1  I i ?  1~ ? 7 7 1  I’ 7 7 I I ? ’  1 1 3 : 7 1 7 ?  I~I I 7 ’ ?  1 1 1 1 :

B P 5 f~5 1 1 0 0 0 0 0  8 0 1 8  1 1 1 0 0 1 1 3 0 1 8 0 1 1 1 1  $~ 0 8 I ~~ I I 0 I I 0 8 ~~8 II 1 1 1 * 5 8 0 0 5  I~:~ 
0 8 0  lIt 18 I I  0 0 0 0

0 4 0 4 9 ,9 3  0 I~3 ‘ 9 9 9 ’
~ ! 9 9 9 ~3 1 9 3  9 9  S H O I I O I O : l 9 3 9  719 9 9 9  9~9 9 9 1  91 9 9 3 0 9 3 9 9 9 9 9 9 9 9 9 9 9 9 9 0 1 1 9 , 3 1 . 3 9 9 0 0

4 4 I I I ,) - 3 l . ~~Y 4 , l I I 3 1 I ? f l : I !I 3I I )! l4 I 3 4 ) I 3I ’) I I f l I~~ ’ ’ ?I ’7 ,7 I L I  II 1’ . I’ , ’ I I  I ,  I ,  , 3 , I I) 1I ! 7 _ 3 4. 4 , j 43 ~~L I l 1I ’ ’ ) I 4 4 I 4 I ’ ! ) ! ~~ ’ 1 I 4~~~~l I4 l4
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2 .1.4 Element E~ ta

Elements are identified by numbers 1 through 99 in SSFA N . 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 nwnbers which

are reserved for developnent of future element models .

Element Type Description Element Type Descript ion

I Tube 32 Restrictor—2 Way
2 Union 33 Relief Valve
3 Check Valve 34 Sol. Valve (L4.W_3p)
4 Simple Actuator 35 Sal. Valve (3W—2P)

5 Pump Variable Del. 36 Sal. Valve (2W—2P)
6 Filter Assy 37
7 Accumulator 38
P 39
9 Reservoir—Flow Through 40
10 Special (Flow vs.a~ P) 41 Servo—Actr (Deleted)
11 Hose 42
12 Heat Exchanger 43
13 44
14 45
15 46
16 47
17 48
18 49
19 50
20 51 (Reserved for Pum ps )
21 4~0 Elbow 52
22 900 Elbow 53
23 Reducer 54
24 Tee 55
25 Cross 56
26 (Reserved for Fittings) 5?
27 58
28 59
29 60 (Reserved for Filter
30 61 nifoh~s)
31 Restrictor—l Way 62
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Element Type Description Element Type Description

63 (Reserved) 8]. (Reserved )
64 82
65 83
66 84
67 85
68 86
69 87
70 88
71 89
72 90
73 91 Reservoir—A ppeoriix
74 92 Reservoir—Constant
75 93 Pressure-
76
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

cont inuity using the junction point numbers .

In the interest of using terminology which is familiar to aircraft hydra ul ic

system des igners 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 O.D. in inches or the equivalent tube size in

16t~~ of an inch . The same is true for a fitting internal bore . The actual fitting

internal bore nay be inpu t 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

diamet e r or size .
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SIZ E OPTION 1

The diameters listed under the “Actual” columns below are currently

programmed into SSFA N 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 ar ’ an internal port diameter.

Equivalent Actual Actual (MS)
Tube Size (l6ths In.) Tube O.D. (In.) Internal FTC Bore (In.)

4 .25 .172
5 .3125 .234
6 .375 .297
8 .50 .391

10 .625 .484
12 .75 .609
16 1.00 .844
20 1.25 1.078
24 1.50 1.312
28 1.75 1.547
32 2.00 1.781
40 2.50 2 .281
48 3.00 2.781

SIZE. OPT ION 2

The user has the option to input directly a tube outside diameter or

the Interna l port or f i t t ing  bore diameter .

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

(1) Column 1 of the firs t data card describing an element

contains the number of card s (1 or 2) required to describe

the element . Thi s is always an Integer (no decimal

point following the number).
(2) All other element inpu t data requires a decima l 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 _________________ ~~~W a l I
—

~~

-

~ 
,— Junction 2 j  Thickness

Tube Q — 
$ 

~ if

Size
Size

Option 1 (O.D. in l6ths of an in.)
B2 >900 Example: 10 = 5/8 in.

or
___________ _______ 

Option 2 (Actual Tube 0.0. in in.)
0.625 in. 5/8 i~~ .

3PI4~~ 7 2~~

ELEMENT TYPE 1 . TUBE

A tube element is a rigid pipe and may have bends and flared ends. Also ,

end nuts  or “B” n u ts may be attached . The tube element parameters are inpu t

on 1 or 2 data  cards depend ing on the number of bends in the tube. If 4 or

more bend angles are input , 2 data ca rds are required .

Junc tion 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 I FORMAT

~ (~~~‘‘~ T r ’~ T~ FI !~ •~r:i( ~.

1. 11 (NUMBER OF CAR ~~ ) I or 2

2—8 7X BlA NK _________________

9-16 FP .3 (~ LE24ENT TYPE) 1.

l7_2L~ F~ .3 JUNCTION I

25—32 F8 .3 JUNCTION 2

33—40 F1~.3 SIZE IN. (See Options)

WA LL THICKN FB S IN.

LENGTH IN.

57-64 FP .3 BEND I DEG

65—72 FP 13 BEND 2

73—80 J;P~ 3 BEND 3

CA Rt~ 2 FORI’AT (IF REQUTIRED)

CCL~’~ .. c(~ . .”. \ T  ~ATA ~~~~~~~

1-8 F~~.3 BEND 4 DEG

9— l( - FP .3 BEND 5

17—24 FP .,3 BEND 6

25— 32 FP .3 BEND 7

33—40 ~~ 3 BEND 8

41-48 FP .3 BEN D 9

49—56 FR .) BEND 10

57—~~ FR. 3  BEND 11

65- 80 BLANK

7— 18



EXARPLE 1

TYPE 1 TUBE INPUT DATA

1 ~~Tk CARD REQUIRED

1. 230. 23~ . 10. .028 63.2 42. 33.2
I t ’~~~~~’i ~~~~~i I’

, . 

~ 

; ‘ ;  ; I ~ I 

~

‘ . J I

~ 

. ,  , ,

~~~ 
~ 

2~~~’I ~~~~~~~~~~~~ ~
,., , -  

~

j , . ,, 

~~~

,, ,. .o .~~;l,; .; ~‘‘~~~ ~ ~5 *~ 

~
~ I S S S I I I II 7 3 1 

~ I ’
~ 

II 5 5  15 ~I 3 5 7~~S P ii :, I’ ~7 IS 77 ,73 II 1 II IS ‘I II U SS,Sá SI .) SI SI St II SI IS~ 9 I 9 Ii 51 U *3 57 U i~ , U U U Si ‘I

1 ,1 7 I~7 1 7 1 1  I l l  l’l 1 1 1 1 1  7 4  I’! I l l  7 1 1 1 1  lJ 1 1 7 1 1 1  4 1 I  I l l  1 1 ) 1 1 4 ) 1  1 1 1 1 1 ) 1  I’! 1 1 1 1 1 ) 1 1  l~ 1 I l l

2 7 2 2 2 2 1 2 2 2 2 7 2 2 7 : 2 2 2 1 2 7 2 2 2 2 : 1 1 2 1  2 7 2  7; l 2 2 2 2 2 2 7 2  7J 7 7 2 1 7 7 1 2 1 2 2 1 1 1 7 7 2 1 7 7 2 2 2 2
1
2 1 2 2 2 2 2 2 2 2

~~~ ~~~ ~~ 
3 3 3 3 3 13 3  ~~3 333 1 1 3 3 

~~ 
31 ~I 1 3 3 3  

~ 
3 1 3 3 3 3 3 1  ~ 3 3 3 3 3 1 1 3 3 3 3 3 1 3 3 3  ~ 3lI~ 

3 3 3 3 1

4 4 4 4 4 4 4 4 4 4 4 4 4 1  4
~

4 ~~~ ~~~~ ‘“ 
4 4 4 4 4 4 4 4 4  4i1 4 4 4  4 4 4 4 4  4~4 4 1 4 1 4 4 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4

I 1 S I I S I II II ‘I 5 - . 5 II 5 1 l~ . 77 :. :S~~~ s 1 ~~~~’. ‘S 1? 9 ~ 5 II 1 53 is ‘ S I  •. ,~ -c 7~~ ’i 15 ,74 3’ 9 II 5. U 5 5 . ’i S SI I ‘ 5 - St

5 5 1 5 5  5 5  5 5 5  5~1 5 5 1 5  9 7 5  S i  s i ‘~~ ~ : s

6 1 1 1 1 1  S C  6 6  S 1 1 1 6 5 6 1 1  1 6 1 1 6  I a  5 5 6  6 . - 6 6 6  1 6 6 6  f~ 5 1 6 1 6 6  a 6 C I I I  I 1 1 6 £  6 1 1 1  c 1 6 6 6 6 6 :  :~MCOONNtLL Aurc’u.~ rioN COPs.4t .4~ iY
‘ 1 1 1 1  11  1 1 7 4 1 1 1 1 1 7 7 2 ; )  1 1 7 7  ‘l 7 7 7  ‘~~ I 7 7 ~7 7 7 7 1 7 l 1 1  I I  7 7 1 1 1 7 7 7 1 1 7 1 7 7 7 1 1 1  1’? h h l h

l
l h h J h h h l

1111 1 4 1  I I IS 1 1 1 1 4 1  eu S C I C  S Il l  9 1 3 3 7 148 4 5 1 6 9 1  & S $ 8 8 1 8 8 7 1 1! $ 1 1 9 1 1  a c a ’  :i

~~~~~~~~~~ 
9 9 9 7 2 9 9 9 : 9 9 9 9  ~1 -J 9 3  2 9 9  S i  1 9 7 1 9 9 9 7 5 9 9  9 1 9 9 9 9 9 9 9 9  9 5  3 3 5 . ;  3 9 9 1 ) 9 3 3 1 9  9 2  ‘ 3 3 !  1 3

7 1 I S I 5 1 .7 ‘ I ’ S  3 3 -I , ‘I . 5 .757 *3 1 *I S ’• ,i . .1 . . 7 . 5 , -
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EXAMPLE 2

TYP E 1 TUBE INPUT DATA

2 DATA CARD S REQUIRE D

CARD 1

1. 40 . “0 .  8. .0~5 - 142. ’ 30 4~S , 12 0.
i , . s a , s , I  . .  5 l S . i l 4 ,, l,I2Oi , ,7 1,3.~~~~~~~t5 iO ,,,)5.I)3 ).53 715 l,, 35 5  •2 l 3 . 5 5 71 S ’ * i il l’ I . I ’ ~’’ I

‘ 2 3 4 3 * 1 1 , 1 0  ,, ,j ,, ,. I, ,. ,, I 
~~~~~~ , ‘ . ‘: . ,, :c ,’ JI :, ,n h, ,, ,s , s f l , .  ,, ,. ,, .~~. . z ., .. .’ . c . ’ . - . ’, .,’ -

$ 8 5 0  ES 0 0 0 8 ) 8  0 5 0 :0 I S O S  9~~$ 0 0 0 O 0 1 0 ’2 00 00 1 0 0 0 0 0 0 8 0 0  t Q 8 0 0 G 0 0 5 2  0 3  0 0 0  8 0  ~ 2 0 0  C~ 0 7 .  0 :  ,G • C 1 0
I S 5 5 5  5 I 5 ‘ I  7 II ‘I 7 1 II II ‘I 35 73 73 II 7. 35 37 II II .~ 3~ 33 II P , 14 P 3) 11 55 55  53 57 55 13, 11 S~ ‘I II 771 ’ II 15 34 Is~34 1 34 ‘1 1 3 4 43 34 I - I I SI - . ., ‘1 ., ‘ 3

fl u 1 1  I l I l l u l l I l I u l  1 1 1 1 1  1: 1 1 1 ) 1 1 4 1  ‘:‘ ~~~~~~ I ll !  It t i l l  4 4 1 4 1 ) 1 1 1  I I  ~~~~~~~ 7

1 2 2 2 2 : 2 2 2 2 2 2 2 7 2 2 : 2 2 2 2 7 2 7 2 7 7 : 7 2 2 2 2 2 2 2 2 7 ?  2 2 2 7 2 2 7 7 2 7 2 2 ? ?  12 1 2  2 ?  1 7 2  2~? 1 2 1 7 7 2 7 2 2 1 ? 2 2 2 I 2 2 2 1

3 3 3 3 3 :3 3 3 3 3 3 3 I3 3
~

3 3 3 3 3 3 3 I33 :3 3 3 3  1 3 3 3 3 : 3 3 1 3 3 3 3 3 1 3 3 3 3 3 3 3 3 3 1 3 3 3 3 1 3 I J 3 3 3 3 3 3 3 3
1
I 3 3 3 3 3 133

4 4 4 4  44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 ) 4 4 4 4 4 4 4 1 4 4 4 4 4 4 : 4 4 4 4 4 4  II~ 
4 4 4 4  1 4 4 4  ~~ ~~ 4 4 4

7 I S I I I S I St 3 II 4 - ‘ S Ii 5 I 1 s 3 77 •~ 7 5  V 5 1 ‘~~~‘‘ 3’ ~~ . 3 5 I l l S: I ’  II 5 ; *3 I . Ij I SI ll ’s , 33 ,3 ,3 ’ , I ‘ 15 I I I II 1 3 5 ’  I ’ S  5 5 7  7 . ‘
~ 

I ‘

5 5 5 5 5 5 9 5 5  5 5  I I I  s ;s 5 9 1 5  5 5 5 5 9 5 5 ~~5 5 1 5 5 9  S 5 5 9 5 5 9 5 S 5 1 5 9  Is 5 5 5 5 5  ~~ 5 1  5 3 1

811111 S 1 1 1 8 1 B 1 I ’ 5 1 6 1 1 1 6 6  8 1 6 6 6  6 6 ’ 3 6 6 6 6 5 6 6 1 6 6 5 6 6 6 1 6 6 6 6 6 6 6 1  5 6 6 6 6 6  C C I I  C I  6 6 C ~~~ C C [ - C  ‘~ C C
MCDONNELL AUTOMATION COMPANy : I

1 7 1 7  1~1 1 1 1 7 1 7 1 1 1 : 7 7 1 2 1  1 1 7 7  
~
l 1 7 7 7 7 7 4 7  1:7 7 7 7 1 7 1 7 7 7 : 7 7 7 7 7 7 7 7 7  ‘:~ 

7 7 7 7 1 7 7 1  ~ ~~~ 1 1 1 1 , l l I l l  ,
,

I I I 8 J I I I I 1 1 7 1 I I I I I $ I S S S I I I l f l I J I 7 8 1 9 3 3 1 i 8 1 0 J B I I 7 $ I I S I I I I C C I I C a I C ! t 4 3 0 ! 9 S I 3 7 8 ) C  ? 1 3 8  ~
0

CARD 2

€5 . 2:3. .

‘ 1 4 ’ ’ ’  1 5 .1 .  2 ‘ 1  4 1 5 1’. ,,  ,Il2o ; :: :,2n~~ z G:r . , - 1 s o , , ; u ,.ns. ,’ ,4n.o .. .,.,s..,...’4.,, • .,, ~~~~~~~~~~~~~~~~~~~~~~~~~~

0 $  
; ~~ “‘ 5 

0 0 0 2  0 7 0 0 0 0 0 0  ~~~~~~~~~ ~~~~~~~~ ~~~~~ ~~~~~~~~~~ ~~~~~ ~ J ) O 0 ~~~~C ( C  C ‘ 0 0 ~I ‘ ~~ s 
~~ 

II S I : 5 : ’  77 77 71 fl11 3’ II 1 II IS IS 33 )1 I II ii 3) 5) I S  5 7 II 55 13,1 5 1 5  II I) 3 1 1  P 35 14 
~‘:~ 

5’ II .S~~~~s S S  34 4 .11 .. - I 5 I

1 1 1 1 1 1  1 M 1 1 1 1 1 1 i  1 1 4 1 1  1 1 I i l 1 I I l l l I l  i i  i i i i i i i i  1 1  I I I )  1 1 1 1  1 : 1 1 4 1 1
1

1 1 1 1  7 I I I I~I I I I I I I I

2 2 7 2 7 7 1 7 2 1 1 2 7 2 2 : 7 2 2 1 7 2 1 2 2 7 : 7 7 2 7 7 2 7 2 2 2 2 2 2 2 7 1 2 2 ?  7 7 2 7 2  7’? 2 2 2  7 2 2 2 1  2 2  2 7 2 2 2 2 2 2 7 1 2 2 2 7 2  :2

3 3 3 3  $3 3 3 3 3 3 1 1 3  3 ;3 3 3 3 3 3 3  Ii 
~~ ~~~~~~~~~ ~~~ 3 3 ~~3 3  ~~~~~~~~~ 3 3 3 3 3 3 1 3 3 3 3 1  ‘ 1 3 1 3 : 3 2 3 : 3

I I I I

4 4 4 4 4 . 4 4 4 4 4 4 4 4 4 4 s 4 4 4 4 4  4 4 4 4 4 , 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 , 4 4 4 4 4 4 4 4 4 4 4 4 4 4  .144 I l  4 4 4 1 4 4 4
I 1~~ 1 U ‘~ ‘l . I I I I  ‘t )~ 3’ 1)2) 34 1, 7) - ,  1. - 33 3, ., .i p J5:~ 5 p 5) 53 54 

~~ 
lI St lii $3 33 15 . , I  ,~ 15 II 1 4. . 5 5 1  4 .45 55 .7 ‘, ‘ 5 ’  , .

S S 1 1 1 : S 5 S S S 5 1 5 S  
~~ 

5 5 5 ~~5 5 5 5  9 5 5  5 5 5 5  9 5 5 1 : 9  5 9  S ’ S  5 5 9  5 5 3 9 1 5 5 5  5 5

16 II 1 1 6 6 6 6 6 1 1 6  I’6 6 6 6  £ 6 6 6 6 6 6 6 6  6 6 6 6 6 6  6 :2 6 6 6 6 6 6 6 6  S ’ S 6 6 6 6 6 6 6  i S ’ S  6 6 6 6 6 6 6 6 6 5 5 C C  I’S C C I € 6  C
MCDONNELL AUTOMATION COMPANy : : I

7 7 1 7  7 1  1 1 7 1 7 7 1 1 7 : 7 1 1 ; )  1 1 7 7  7 7  ~~~~~~~~~ 1 7 7 7 7 7 7 7  ‘:~ 
7 7 1 7 7 1 7 7  7 7  4 7 7 7 7 7 7 7  P 7 7 7 1  I~I 1 7 7  2 I I I )

~ Ill $ 1 11111 I $ 1 5 5 3  I 1111 lI l  6 3 1 1 8 9 9 8 1 5 9 : 7 9 1 8 1 1 1 1 1 4 : 9 2 0 0 6 9 1 9 8  C I  0 8 8 9  C S I  : a  O S I  I~4 3 8 3  ~0 1 2 0 4

7 9 9 9  9 2 9 9 1 9 : 9 7 9 9 9  9 9 9 0  7 9 2 5 3 1 9 4 3 , 1 3 1 9 9 11 2 ! ,) 9 9  9~! 9 1 3 3 3  2
‘ 7 3 5 1 I ’ S 5 ’ l ’ ’ ’ ’ ’ S ’t ” ’I t ’ ’. I I  -
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2. 1.4.2 Typ. 2 — Union

Size l Size 2

—
—

\.—Junction 1 Junction 2

Size 1 and Size 2

Option 1 (Fitting End for Tube Size in l6ths of an in.)
Exam ple: 4 0.172 l.D.

or
Option 2 (Actual Fitting l.D. at End for Size 1 and Size 2)

Example: 0.172 in.
4

ELEMENT TYPE 2- UNION

A union is a connector coiTionly 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 1. considered to be a constant diameter throughout its length . It should

not be confused with the Type 23 reducer fitting.

The number of data card. 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 equa l and reflect the fitting internal diameter

as option 3. or 2 shown in the above sketch.

2—21
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CARD FORMAT

1~’(.J~~ .’ T rA ~ ‘. i . J(

1. Ii (NUMBER OF CAR~~ ) 1.

2-~ 7X BLA NK

9-16 F17 .3 (EL~~ENT TYPE) 2

17.-2U F~ .3 JUNCTION 1

2 5—3 2 F8.3 JUNCTION 2

rP .3 SIZE 1 IN. (See Options )

L4_ L~p “~.3 SIZE 2

~~~ 80 BLANK

EXAMPLE

TYPE 2 UNION INP UT DATA

/
1 . . - 1~.. ~~ ‘, I~~ I I. L - ’ ~

- I I I. .- . .  J . I  ‘ 1 1 11 1 I • . ‘ , , ‘ 3 I .. .. t  ‘ I . Y .’ ’. I fr j b, 4. l 5 4

3 1 D U ~~ 0 1 u 0 D C U 0 6 0  0 1 0 0  0 0 1 0 1 0 0 0 0 0 0 I 0 0 0 0 0 0 0 0 1 0 0 6  l 0 0 0 C 2 1 0 O 8 0 ~ 0 0 0 3 2 0 0 0 0 0 0 0 0 0
S I ‘ ‘1 S lY 5 ’. 5 I, I 1. - ‘ 5 ,  - 5 1 5 33 3, 5 1 II I ’ I l? I’. I 1 ’ II I , , S I 1 ,. ;, I. -- SI 1’ .5 11*3 5 I S SI 1 ,11 1 II I? 1 ‘I I’ 3 ‘I ‘~ I II II 1 5 3

• I I I I I I 1 I I ‘ I I I I  I I I I I I  I I I~I III  1 1  I I I I II I I I 1  I I I I I I  I I I - I  I I I!I I I I I I I  I I I~I I 7 1 7 : 1 1 I I I

2 2 2  ~ 2 2 1 1 3 2 1 2 2 2 1  12 1  2 2 2 7 1 2 1 1 2 2 2 2 1  2 2 2 2 7 7 2 2  2 2 2 2 1 2 2 ? ? ?  2 ?  7 2 2 2 1 7 2 7 2  ~? 2 7 2 1 2 7 2 7 1 ! 2 2 2 7

C 3 3 3 3 I J 3 j ~~~J 3 j 3 3 3 3 3 2  I 3 3 3 J ) 3 I i 3 l 3 3 3 I 3 3 3 3 ~~ 3 3 I J J 1 3 3 1 J ) 3 ! 3 J 3~~~ l 3 1 3 3 3 3 3 ; 3 3 1 3 ; i 3 3 3 3 3 3 ~

4 4 4 4 4  4 4 1  4 4 4  ~~ 4 ~~4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  ~~ * 4 4  4 4 4 4 4 4 4 4  ~~~~ ~~ ““ ‘“I l l s I ’ S . Ii ’’ . . 5  S J I J I I J lS l, I, ’ I I  S I P , • ’ l r l , , ‘ l , I S S l , , ,’ ., 34 , .s  S I 5 , , S I , ,  1 , 5 1 1 1 1 , , 7 ’ I l

5 9 5 5  5~ - 5 5  5 5 5 5  I~ I~ ~~~~~ 5 5 9  ~~) 5 5 5 5 5 9 5 5 9 , 9 5 5 9  
~~ 

5 5 9 9

6 6  5 1 1 6  1 6 C C  C E C I l  6 1 6  8 6 6 6 6 1 6 1 6  6 ~i ~ 6 6 S S 6 6  1 3 3 6 8 6  I~ 1 6 1 6 9 6 6 6 6 5 5 6 6  C C  6 6 6  6 6 6 6 6 : 6 8 1 6 6
M ( Us I~~-’~~J. I I AUTOMAT,,  )~~J ,j 17.5~~- 4~~~ - I1 1 1 7  I I  I l  I 1 1 1 1  I ’ S  I I  I I I I I  I i i  I I l f i  S I  1 7 7 ’ l I I I I ’  7 7 ?  1 7 1 ) 7 1 1 1 7 1 1 1 7  I l l  ‘ 2 1 7 1 7  1 1 7 7 1 1 7  7

•
• / I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ M 9 I 3 3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 9 9 0 ~~I I I S s
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2.1.4.3 Type 3 — Check Valve

Free FI~w D~~ ct ion)J~~~~~~~~~~~~ 

5Fre~~~~~~ 

~~
‘c

~:ction 2
Size 1 and Size 2

Option 1 (FittIng End for Tube Size in l6ths of an in.)
Example: 8 = 8/16 in,

or
Option 2 (Actual Fitting ID. at End for Size 1 and Size 2)

Example: 0.391 in.
0 P 740 77 2  I

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. rn the “ f ree  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 res tri ct ed flow in the direc t ion opposi te “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

i ~ ,

-: , 
- 

Ti ( NUMBER OF CARr~ ) 1

2— S 
, - 7X BLANK 

________________

9— 3.6 , tl~.3 (EL~~ENT TYPE ) 3. ______________

17—2~ FR .3 J 1J?~~TION 1 
_______________

25— 32 ~~•3 JUNCTION 2

33~4o ~~~ SIZE 1 IN. (See Options)

__________ 

SI2E 2 IN. (See Options)

C RA CKIN G PRESSURE PSI

57—80 — BLANK ________________

EXAMPLE

TYPE 3 CHECK V ALVE INPUT DAT A

I 3. 917 . 0 3 0 .  9. 8.
/

1 
1 • : I ’ I ,~~~

, 1’~~? 2? tI i~~I~ I .2’ : S l I 5 1  i l _ s  ~~~~~~~~ ~I 5 0 5 5  5 I51 1 .I5I 4I , 0 t, t0 i~~ 5 t S S5 iT~~I I , ’ t  55 1 54

0 0 ;  0 0 0 0 1 3 7 7 2 6  0 0  r~~ 0 0 D O D  C C I  0 0 0  C 2 0 0 0  0 0 0 0 0 0  

~° °I° 0 1 0 0 0 0 0 0  0 0 0 0 0 0 0 0 0 0 0 0 0  0 0 0 0 0 7
7 S 3 5 5  I I I : ’ ,, ,l l . , 0 1 0 :‘ 5 s o  I S ’ . 3 ,, 35 33 33 . 1 ,,, I  ‘ I ’ l l’. ‘ 5 I, IS . , II~~~~lI .5 15 III 3 1 1  15 ~I II ’S II 35 11 35 1 5 1 1  Il~ SI 1 CI II ‘I II III l ’ s ,  I ‘ S  ‘I ‘I ll

• I l I  1 1  1 1 1 1 1 1 1 1  I I  1 1 1 1 1  I I I  1 1 1 1 1 1 1  I I ’ ?  7 1 1 1 1 1 1 1  1 1  1 1 1 1 1 1 1 1  I I  1 1 1 1 1 1 7 7  I I  1 1 1 1 1 1 1 1  : 1 1 1 7 1
I S I I I I I I

7 1 2 2 7 : 7 2 ? 2 2 2 2 ? 2 2 1 2 ? 7 2 2 2 2 2 2 2 2 2 ? ?  2 2 2 ; ’  2 : 7 2 2 2 2 2 2 7 2 2 2 2 2 2 2 2 2 2 7  7:) 2 2 7 7 2 7 2 2  7 7 7 7 2  7 2 7 2 2  7 7 7  7 2 7

3 3 h i 3 :3 2 3 3 3 h I l 3 3 ~3 3 3 3 3 3 I 3 3 3 :l_ 3 3 3 ~ 3 3 3  1 3 : 3 3 1 3 3 3 3 3 3 3 : 1 3 3 3 3 3 3 3 I 3 : 3 3 3 3 3 3 5 3 3 3 : 3 3 3 3 3 3 3 3 3 3 : 3 3 3 3 3
4 4 4 4  4~4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 1 4 4 4  4 ’ j  ( 4 4 4 4 4 4  4 1 4 4 4 4  4 4 4 4 4 4 5 4 1 1 4 4 4 4 4  4 4 S 4 4 4 4 4  4 4 4 4 4 ’ 4  4 4 4 4 4 4 4 4  4 s 4  4 4 4 4
I 7 5 4 1 :1 - 1 1 ‘ ‘ :~ 

I ,. :‘ 5) 1, - I . - , 1 5 5, II SI II ). ‘ 
‘ 5 II ii II I I I , I ’ S I S , l , ’ ’ I S  II I I ’ ~~,5 ’ ,7 .1 11 Ii , I I  15 II 11 IS 11 11 55 1 , 3 5 1  II SI ‘ I ’ ’ ’ I I : ’  II ‘5 ‘I II

~~~ ~~~~~~~~~~~ ~~~~~~ ~~ 5 5 5  ~~ 5 5 ‘i S  9 5 5 9 5 5 9  
~~ 

~~~~~ 5 9 1 9  
~~ 

‘
~ ~~~~~~~~~~~~~~~~

I I I I I I I

6 6 6 6 5 - 5 6 6 6 6 1 6 6 1 1 8 1 6 6 1  6 6 6  6 ’~ 6 6 6 Fs16 6 6 6  s iC 6 6 6 6 , 6 1 . 6 6  & ‘ C  6 3 6 1  6 6 6 6  6~6 1 5 6 6  6 6 6 8  S ’ S 6 5 6 6 1 6 6 6 6 ’ S  6 6 5 8
MCOONNCLI. AUTOMATIO sI COMP/I N V :

~ 1 1 1 1  7 1  1 1 7 1 1 1  1 ) 0 1 ) 1 ;  1 1 1 2 1 1 1 ) 1 ? ) )  1 ) )  1 1 7 7 7 1 1 1 7 7 : 1 1 1 7 7 1 1 1 1 0 : 7 7 1 7 7 7 1 1 0  1;? 7 1 7 1 1 1 7 7 0 : 1  1 1 1 1  ~~~
I I I ‘ I I I I

$ 8 0 1 1 1 1  7 8 8  a l l  1 1 1 0 $  8 8  le 0 7 3 $  I I lo $ 8  - ‘8 lb 0 1 1 8 6  11$ 8 0 1 3 6 1  I I 0 7 1 1 l 5 7 1 0 1 1 S 0 l  Iii 11101 101 ::
~~~~~~~~~~~~~~~~~~~~~~
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2 .1. 4 .4  Type 4 — Simple Actuator

Total Stroke
Pistlon Position = 0

Junction 2

JunctIon 1 Size 1 Size 2
(A t~~ Piston Seal 

Rod Se&

~~tern~

Al Net Area to A2 Net Area to
Extend Actuator 

Piston Dia 
Retract Actuator

Size 1 and Size 2

Option 1 (Boss for Tube Size in l6ths of an In,)
Example: 4 1/4 in.

OptIon 2 (Boss 1.0. in in.)
Example: 0.172 in.

‘3P74O 77? 2

E L E M E N T  TYPE 4~ SIMPLE ACTUATOR

The simple linear actuator is used to convert the system fluid power to

l inea r mechanical motion , and is usually controlled by a valve . The piston

and rod seals provide a viscous drag or damping force always opposing the

di rec t ion  of mot ion  of the pis ton . There are several types of simp le linear

ac tua to rs all of which are Type 4. The above sketch shows an unbalanced

(unequal areas) type . Other Type 4 actua tors  are balanced (areas same both

sides of p iston ) ,  pa r t i a l ly  balanced , paralle l and tandem . (See Volume I I )

One data  card is required for input parameters . Junction 1 is always assigned

to the exte nd port. Sizes 1 and 2 are noted as opt ional  i n p u t .  The net areas

acting to extend and retrac t the piston are input along with an external load.

A positive (+) load resists actuator extension and aid s actuator retraction .

The net seal friction force is calculated as: SEAL FRICTION FORCE(LB) = 1OX(S UM

OF THE DYNAMIC SEAL O.D.S). Piston diameter , total actuator stroke and Initial

piston posltion are also Input. A piston postion of 0 is when the actuator in A

the f u l l  r e t rac ted  position .
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CARD 1. FORMAT

-~ ~~~~~~~- ‘ ‘ -~~~~ I ~ ~~~ I I i ~”~ i C ]
I p (N U ~.BER OF CARtE ) 1

2— 8 BLA NI( —~~~

c-i6 18 .3 ( ELEMENT TYPE) 4.

l7-2~4 1~~. 3 EXTEND J UNCTION 1.

25-32 F’~ .3 RETRACT J UNCTION 2

33— ’~C r6 .3 SIZE 1 IN. (See Options)

SIZE 2 IN. (See Options)

EXTEND A REA 
‘ 

I~~

57-~~ re . ~ RETRACT AREA

(5-72 r8,~3 
SEA L FRICTION LB

73— 80 r~~. 3 EXThRNA L LOA D LB

CARD 2 FORMAT ___________________

- -

16 .3 TOTAL STROKE IN

~° .‘3 PISTO N POSITION IN

17- FC~~’3 PISTON DIAMETER IN

~~~
‘ . 

‘
~ CONTROL VALVE JCT1 --

33- 80 ~“ .3 BLANK ——
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E XAMPLE

TYPE 4 S IMPLE ACTUATOR INPUT DATA

2 DATA CARD S REQUIRE D

CARD 1

a I I n 1 
— 

1 ‘
~ 3 ~~

‘‘
~
“n i

, I . . I  -
~~ ‘“ I ‘~~~7~I 5  ‘7 15 2’ 11 ’ ’ ’~’’ i~ ‘

~~ 
I ‘ 5  ‘~ 19 1” 5 ’~~~~5 l 4  .5 C . 4 ’ - S~~~~~~ I . 5 ’ •  Sn •‘~“ CO~~ 4 ’ ’ ’ S S

1 1 1  I i l l I I I I I I I I I 7 1 1  I I I I I I I  I I I I I I 1 I I I  I I I I I I I I  I 1  I I I I I I I I I I  I I I 
~l~ 

I I I I I  I I I I I I I I , 1 I ‘ I

1 2 7 2  7 7 1 7 ? 2 ? ? 7 1 2 ? 1 3 0 2 ? 7 ?  2 11 7 7 2 ? ?  2 7 ?  7;? 2 2 7 7 2 7 2 2  2~2 7 7? ?~7 7222 ’ ? U’ 2 2 2 7 2 2 1 2 2 2 2 2 2 2 2 3 7 , 2 2 7  ‘ 2

~ ~ ~ 
-‘ ;~

‘ 1 ~I ~~ 3 ;3 !3 3~ 1 3  3 3 i 3 3  3~3 13  Ii ~~~ ~~ 3 l~~
3 3

~~~ 3 ~~ ~~~~~~~~~~ ~ ~~ ~~ 
1 3

4 1  1 4 4 4  
~~~ 

1 4 0 4  4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 1  l~ 4 0  4 4 4 1 4 4 4 4 : 1 4 4 4 4 4 4 4 4 1 1 4 4 4  4~4 4 4 4 4 . 4 4 4  4 4 4  4 4 1 4 4 4 4 4 1
- ‘ I S S - I S I I ‘ ‘ ‘ 5 ’ . I 1 I ’ S Il ’S ’’~~~ 2’ 71 ‘ ‘ ‘ I  5’  5 1I ’~~ 2 n h .  I’ ll I’ I• ’l I I I  I l l  II SI C ’ IS I - Il l S  7 I S I S  :5 1 ’S 1 4 ’  I I ’ S ,  IS I I I I  II I l S I ’ ’  I ‘1 55

~~~~~ ~~~~ ~ ~~~~ ~‘ ~~ ~~~~ ~~~~ 
~ ~~~~~ ~ 

5 5  ~~~~ 5 5 5 5  ~ 5

S 5 & 5 7  6 6 1  1 6 6 6 6 1 6 6 1 5 1 . 1 1 . 6  C L  66 1 ,6 6 5 ~~ 6 6 S 5 S 5 5 6 & 6 6 6 6 6 5 6 6 6 6 6 6 6 6  & ,~ 6 ~ 6 6 8 6 6 6 6 : 5  I~~ 6 6 5 6 6 6 6
I MCDC’NNELL 4uroM~VT , O N  COMRANV I I

1 1 7 7  7
~

l 7 1 1 1 7 1 7 1 7 7 1 7  ‘~ l 7 1 1 7 1 1 7 7  1~7 7 1 0 1 : 1 1 1 1  I~ I 7 7 7 7 : 7 7 7 7 1  ~ 7 7 7 7 : 7 7 7 s  i~I 7 ) l  1 7 1 7 1 7 7 ’  ‘ 7

$ 7 0 7  8 7  8 0 8 1 9 8 8 7  ~~ 8 7 ~ 7 0 8 0 7 1~ ~~ 8 8  I tt t o t  8~I 1 8 8 7 :8 887 1 1 88 7 7 8  8 b o  I~B 8 8 *  7 $  1 8 7 8  8 8  
~~~ 

1 8 8 1

CARD 2

I ‘~~~~~~~~ ‘ ‘ - I ‘ ‘ ‘ l ’ i~~ ‘ I  ‘ I ’ Ii 1 ’ * ) I 1 1 ’ ’ ’ 5 - 

0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 ~~ 0 C 1  
I 

f l f l 6 f l 1~~ 0 0 0 ~0 0 f l t 0 o 0 o 0 0 ~0 f l b o 0 0 0 0 D 0 0 l 2 0 o 7 0 o 0 0 i 0 0 $ 9 0 e 0 l o a I 2 o 0 a 0 o 3 0 o o
I l , ’ ’ I I ’I ’ ’  ~ ‘ I ’ I ’ l ~ ‘ ‘ ‘ S I  ‘ ‘S ” ’I ’I~~~~’ I I I! I • - : .  I , ’ S II , ’ ’ I I ’ l I I l IS ,II 5 ’ IS I! . W l b l ’ ’-

, ’I I’ SS I .! 1 1 5 1 1 4 I’ , I S I ’ IS 1I ’ 5 1 
.1 ’ l ’I ’’ , I  I f S

I 7 7 1 , l I 7 I 7 1 7 I 1 , 1 I ‘ s 2 9 1, 1 1 I 1 : 1 1 1 1 I~l I 1 I 1: 1 1 I 1 O~I I 1 1 1 1 I 1 I I I I I I I I  I I I I I  7 I I I  I I I I , I 7 7 ‘ I I I

1 1 2 2 2 : 7 2 2  ~ 7 2 7  ~- ‘I~”’ 7 7 3 0  7~? 7 7 7 7 . 1 1 ? ?  2 ; ? 7 7 ? ? ? ? ?  ‘ 7 ?  7 7 7 7 2 2 ? ?  2 1 7 2 7 2 1 2  1 2  2 2 1  2L 1 2 ?  ? 7  3 1 2 7

3 I 3~ 3~ 333 1 7 ~~3~ 3I~ 3~ 3~ 3 3 ?  I 3 3 3 3 ~ 3 1  3 3  3 3 3 3 3 3 3 3 1 3 3 0 3 3 0 3 3 3 2 3 3 1 3 1 3 3 3 1 3 : 1 1 3 3 3 3 3 3 3 1 3 3 3 3 1

II 4 4 ’ 4 4 4 4  4 !~ ~~ ~~~4 4 4  1 4 1 8 4 4  1 1 0 9 4 1  s O  0 4 4 4 4 4 1  1 1 4  4 4  7 7 7 4  1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4  I I I  4 4 4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

6 6 6 6  6 1  5 6 6 6 S 6 6 6 6 5 6 6  ~~~ ~~~ ~~~ 6 6 1  ~~~ 0 6 1 1  6 1 6  6 8 6 5 5 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 1 6 5 5 8 0 6 6 6  6~ 6 0 6 5
P,7I ‘ t ’ i s  INP,I I I A U T () ~ 4 aTIQP ’J ‘ - ‘7,.4F’ A ~~~’~~ 

‘. :
1 1 0 1  ‘‘7 0 1 7  7 1 1  I 1~1 I 1 7 1 7 7 1  7 7 : 7 7 1 7  I~’ 1 2 7 1 1 1  I 1 1 1 1 1  I I  7 1 7  1 1 1 1  1 7  I 7 7 7  7 7 7 7 1 7  7 7 7 : 1 7 7 7  1

~
’ ‘ ‘ 7 1 ?  7 0 7 I

~I I I  $ 9  I 1 1 4 1 8 8 1 8 1 1 0 0 1 7 8  l~ ~~~ 8 6 8 8 8 6 7 7  8~8 1 1 0 7~ 3 8 8 - 1  1 7 7 8 8 8 8 * 8  1 I  S $ * 8 S I I S l *  1 8 8  8~ S I I  ~~

9 7 7 8 8 7 7  7 0 7 1 9 1 9  q , q 9 9 0 0 , 1 3 1 9 9 ) 3 9  I 9 0 1 9 3 3 9 9 0 2  0~9 7 7 3 3  I 9 0 9 7 0 2 9 7 9 9 1 9 9  3
1
7 9 9  9 3 7 8 1  ¶ 4 1  8 1  9 : 9 9 4  3

I I I 5 1 5 , 1  ‘ 1 1 , 4 5 1 1 I ’ S ’ ’ ’ ’ I I ’ I ’S ’ I! I~~~~~5 I ’ ,I Il lI ’I . ’I II I I I I ’ I I I~~~, l S I ’  II ’ 1 4 ’ I ’ I’ ’, 1 , 1 1 1  S 5 1 1 5 1 1 .l u, S 4 1 ’ S I S , I ’ ’ ’ i ’ C I - , . .
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2.1.4.5 Type S — Variable DelJvery Pum,p

Junction 3
(Always Case Dra g n Port) Size 3 SI ze 2

CD Junct ion 2
P (A lways Pressure Out Port 7

S Ju’~ction 1
( A lways Suction Port)

Size 1, Size 2 and Size 3 Size 1
Option 1 (Boss for Tube Size ri l6ths of an in.)

Example: 16 = 16/ l6ths of an in.
Option 2 (Boss ID, in in.)

Example: 0.844
C9? 401’2 3

ELEMENT TYPE 5-  VARIABLE DELIVERY HYDRAULIC PUMP

The variable displacement pum p 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 t he  pump case back to the inlet or suction port.

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

“out” and case drain junctions are numbered 1, 2 and 3 respsectivel y . Siz es

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.

PSNIN — Rated minimum suction or inlet pressure .

Default value is 25 psia.

RCDP — Ra ted ma x imum pressure difference between the pump

ca8e and inlet. Default value is 300 paid.

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 da ta cards , the defaul t values

will be used.
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CARD I FORMAT

( ~. ‘ PI~ TA

( NU?I~BER OF CARI ~3) 2

BLA NK

-1.1 

-- 

; ‘L ’3 (ELEM EN T TYPE) 5.

JUNCTION 1 (S)

2 -32 F8.3 JUNCTION 2 (P)

I ‘_ !~~~ JUNCTION 3 (CD) 
___________________

SIZE 1 IN. (See Options

5 _ I l 
~
‘°

. ‘ 3  SIZE 2 IN . (See Options

___________- 
~~~ SIZE 3 IN . (See Options

~P , ‘3 ACTUAL PUM P RPM REV . PER MIN.

- ~~~~~ : 0  RATED PUMP RPM REV . PER M I N .

CARD 2 FORMA T

TC ’ L~~’~ .. “(  ~‘~‘A I ‘CA TA r 
~~~~~~ :cr.”

r1~.1 RATED OUTPUT FLOW GPM

9-l~ 
T’P •3  RATED PRESSURE (0 FLOW) PSI

l7—2’~ F~ .3 i~,ATED F’RESSURL ~I1’ULL FLuW) PSI

25—32 ~~~~ PSM IN PSIA

~“3J RCDP

~‘)~ 3 RCDL GPM

F~ .J  PSET PSIG

57- 80 — BLANK —
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EXAMPLE
TYPE 5 VAR IABLE DELIVERY PUM P

2 DATA CARDS REQU IRED

CARD_ 1 
___________

2 5. ~~. 10. 1’5 . ‘ 4. 37~O. 37~ 0.
I • 1  • l t  ‘I l - I S ’ 1 4 - 1 1 5 1 1  I’t2):, z? 2,:.I.e? r 1o 7) ,o 3 , I U s m f l f l s r 7;I4O .I., o3s. .5$ . I. ,g , so1tz1If l,4f l !,rIt S 6I,1t: 55~ a I

~~ 8 0:8 i e * c ;  3 0 0  ‘30U 00 0C’ O O O U C IO 

~~~~~ ;;‘;;~
; ~O I I  I’ SI~~~~~I~ 

~~~~~~~~ 

~~~4 4 ,  ‘ 4 1 1 ;1~~~~~~ ~~~~~ 1~ t. ‘~~~~ ~I 1 ~ ~~~~~‘ ~~~~

I I I I I I I  I I I -5 ‘ ‘  IS S I  S , I ’ S  ‘ I SI IS ’ ’ S I ’  I ‘I II - S 5 IS II II II IS 11 1I I’ 54 SI II II SI SI II 11111 I ’  II I! ‘S!II 15 11 
~ ~~~~ ~‘ IS 11 57 II SI SI SI 55 , 54 SI SI ll 4 5 Ii I I ’ S ’ s, I ‘I I ‘ 1 5 5

1 1 1 1  I I  1 1 1 1 1 1 1 1  l I  1 7 1 1 1  . I I I I  7 1 1 1 1 1 1 1  II 1 1 1 1 1 1 1  
~ I 1  1 1 7 1 1 1 I I I  I I  7 1 1 1 1 1 1 1  I’ I 1 1 1 1 1 1 1 1  1 I  1 1 1 1

I l ? ?  2 7 7 2 2 7 2 7 2 7  7s7 z 2 7 2 2 : 7 7 7 2 7 2 2 2 2 2 2 2 2 2 2 2 7 2 2 2 2 2 2 : 2 2 2 7 7 2 2 1 2 2 : 7 2 7 2 7 ?  7 2 2 2 2 2 2 2 2 2 2 2 7 2 7 ! 7 2 7

3 3 3 3 2 , 3 3 3 3 3 3 3 1 3  3~3 3 3 3 3 3 1 3 3  3 ;3 3 3 3  3 3 3 3 3 3 3 1 3 3 3 3 3 3 3 : 1 3 3 3 3 3 3 3  U3~3 3 3 3 33 3 ;3 1 3 3 3 1 3 3 3  ~,3 3 3 1 3
4 1 4 4 4 4 4 4 4  1~1 4 4 4 4 1 4 1 1 4  * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 ( 1 4 4  4~4 4 4 1 1 4 1 4  4 4 4 4 4  I~ 4 4 4 4 4 4 1 1 4 1 1 4 4 4 1 1 1 4 1 4  -

7 5 ‘ 1 I S I ‘ I ‘I , I 7 -
‘ 77’ ~. 

, . ~ ~ ~ ~. ~~~~ ~~ ‘ II SI II SI 1. 1 1 5 5  .5 41 II I’ 51 I ’ll 5 , ,I 5 ’ II ,I ~ II I: Si ll  I’ ,I4 Si II II I 5 ’ ~ II II I I ‘ , ‘1 5 5  ‘I 3 5 5

5 S 5 5  ~ s s s  s~ I s s ,s 5 5  Is 5 5  s s  ~~~ ~~ 
Is 5 5 5 5 5  5 s s s s  

~ 
s s  s I s s s ;s Is s s

5 6 6 6 ’ S  4 6 6  6~5 6 6 6 1 1  6 S S G 6 G G G b 6 $ 5 6 6 5 6 5 6  5 5 5 6 6 6 5 6 1 5  l~ 6 & 5 6 5 6 6 S S 5 6 6 6 5 & 6 6 0 6 ’ S S G G  6 , 6 6 6 5  6~ 0 6 6 6
MCCONN~~L.L AUTOMATION COMPANY : I S

1 3 1 1  ?~ I 1 7 1 1 1 7 1 1 1 : 1 1 7  7 7 1 7 7 7 i 1 1 7 1 7 ’ I I I  7 7 7 0 0 3 1 1 7 : 1 1 7 7 1 3 1 1 7 1 : 1 7 1 7 7 7 1 7 1  1~l ‘ai I 1 7 7 1 1 , INU f.:-

8 8 8 3 * 8 8 3 8 8 8 1 1 3 1 : 88 8 6  a Ia * I I  S $ I l ~$ I 8 I 8 3 $ I 8 I I I I  s * I ii l 3 8 8 9 1 8 ’ l I 8~~I IS  o a i s * $ I i ,I I i l s i s II
I I I I I I I

3 9 9 9 8 , 9 9 1 1 1 1 1 9 0 9 8 9 1 0 9 5 9 9 3 1 1 9 8 9 0  9 , i ¶ 9 9 0 8 9 9 1 0 0 9 9  9~~9 9 9 0 9 9 9  9 9 5 9 9 9 9 9 9 9 9 9 9 ,8 9 1 9 9 1 9 1 9 9
I I ’ ’ ’ ’ ’ ’ ’ ’ ~~~I ’ ’ ’ ’ ’  ,. ‘

. I ,I ’ I ’ . ’, ’, .’ I’~~ ’ l 1 ’’ ’l ’l I’ ’I ’~~ 5~~ I’ I 7 I I I I IS I 1 I 11 11 11 I’ I’ ’ I I II , , I I I~ I ’ 1 I l ~ I1 t; S ’ S I SI I ’ ‘ I I.  ‘ ‘I I ’ S

CARD 2

/ ~~~
. ,3flno • ~? ‘ ~~

“
~~~~~ 

- 
?~. . ~I)I~. 

- - 
l. ’~ . 

- ‘ ‘ _________________________

$ . , i .. I~~~~~ I ) ‘ l d l  •,‘ .;1?. . lI .t SS~~~~I, II .I54 ~~~~1dS Il ISfl41’ 4, .I l1I4Si4 S ’’~~S 4 1 ”’ I ’l Sl 5 4 ’ i ’ S S l l ~~7• I O .f l S l 4 4

8 o 0 O 8 ; 9 o D o ~ l * l o I O o o D I n ; o * O : o 0 l 0 o * o 0 l l 0 0 ; O l a e u I ~~l b $ I i , s e I e 8 * G * 0 o O 0 8 ; ; $ u o o o * o 0 0 Q 0 0 *
I I I 5 1 1  5 5 I S I s ’S II ’S ’ S

I ’’ 
‘S ’ S  I I ’ , I ‘I l l S ’ . ‘I II ‘ S Il l ’  11 11 1 1 , 111 15 II~~II  11 11 55 111$ I -  IS S, I4 1’ 51 51 5S 1I1 4 1 ’  1 1 5 1 4 1 ’  45 51 15 S1 , iI 5 11 51 ‘S ‘ ‘  IS IS I ‘ 1 , S ‘ ‘ ‘ 5 , 5 5

I I  1 1 1 1 1  1 1 1 1 1 1  I III I I I  1 1 1 1  I I I  I I I  I I I  1 1 1 1 1 7 1 1 1  1 1 1 1 1 1 1 1 1 1 1 7  I I  I I  I I I  I I  I I I  III 1 1 1 1 1 1 1 1  I I  I l  I I

• 2 2 2 ? ?  2 7 7 7 7 7 1 7 7 ’ ?  • ? 1 2 ? 7 7 2  I;~ 7 7 2 7 2 2 7 2  7; 2 7 7 2 2 7 2 2 7 2 : 2 7 1 7 7 1 2 1 1  ‘:~ 
2 1 2 0 7 2 1 2 2 2 2 2 7 7 7 2 7 7 2 , 1 7 7 7 7

‘~l~ ~~~~ 
3 3 I 33 j 3 3 3 3 3  3 3 3  3 3 3  1 l 3 3

~~~
3 3  3 3 1 3 3 ~~~

3 3 3
~ 

3 3 )  3 ; 3 3 3 3 3 ~3 3 3 3 ~3 3 3  3 1 3 3 3  3 );3 ~~~~
4 4 4 4 4 : 9 4 4 4 4 4 4 4 4 4 : 4 1 4 4 4 1 4 4 4 4 : 4 4 4 4  4 4 4 4 4  

~~~

I I I S I I S ‘I II II I ) I 1  I I I  ‘I ‘I ‘ ‘  It ‘ 1 51 55 I’ It IS II I II II I. ‘I I’ IS II 1 1 1 1 1 1  II •,14 I’ II IS 3 I ’ II II II ‘1 ’  5’ 15 7 1’ I 5 ’ 51 51 51 ,55 . - SI II SI I’ ’’ II ’ I ’7 - I ’ I ‘ I SI

5 5 5 5  5~ 5 5 5  S S S S S  s;5 ~ I ‘~ 5 5  555 J 5  ~~~ s s  ~ Is s~s s sI s s s  s ’ s s s s  s s s s s  s s  s s s s s s s  s ’ s  S S S S

6~~5 6 6 ’ 6 5 G $ 6 6 1 S 6 6 ’ 5 6 6 6 6 5 6 6 6  5 : 6 6 6 6 6 6 6 6 0 1 6 6 5 6 1 6 1 0 5  I’ll 6 5 6 6 5 6 5 5 1 5 6 5 6 5 6 6 6 6 6 6  6 * 6  S ’ S 6 6 6 6 6 6 6 6 6
M Ct~ ONNFL 4. AUTOMATION COMPANY I I I

7 7 7 I 1 ; I 7 7 7 7 1 7 7 7  I I  V 7 I J I I 7 I I ’ I 1 7 7 7  0 7 7 1 7 : 7 7 7 1 1 1 1 1 7 1 : 7 1 7  1 1 1 7 1 7  1 I  1 0 1 1 1 7 1 7  i ;7 7 1 1 7 1 7 1 7  I I I ?  I~

I 
~ 

I I 1 I l I I 8 l~~* 8 3  8 * 5 8  4 4 8 8 8 1 3 1 8 3 8 8 *  
~~I 

8 l 8 l !~~ ll * 3  8 9 * 8  8 9 $ 0 R I 8 8 8 , l 8 I I  1 8 1 1 1 1 1 1 1 1  II 1 1 7 1

I l 9 9 3 I I I 9 ~ 9 9 3 1 9 1  ~~~~ 9 3 3 i 9 3 9 1 3 3 1 9 9 0 , 9 9 9 9 1 9  9 9 9 9 :9 9 9 0 0 0 9 , 9 9 1 9 , 8 9 9 1 9 9 0  3 9 ’l 9 1 1 9 9 3 8 9 9 , 9 3 9 9 9 ’
~I I I ’ ’ I ’I I’ I I II ’ I I I  1 ’ I ’ I I I ’ , ’’ ,I ’I I I  I’ II II I’ I I’ I( II I I I I ’II .1 1. 15 1 ’ I I I 5 .’ ’ I ’ I ’ I I I ’ ’ ’ ’ ’ S l ’ I I S ’  45 54
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2 . 1 . 4 . 6  Typ e 6 — Filter

Junc t ion 1
(Always 14 1n” Port)—\,,~~~ 

In Out 
~~~~~~ 

Junction 2

Size 1 Size 2

Size 1 and Size 2

Option 1 (Boss for Tube Size Ill l6ths of an in.)
Example: 12= 12 / 16 in,

Option 2 (Boss 1,0, in in.)
Example: 0.609 in.

GP 74 ‘0 7 72 4

ELEMENT TYPE 6 - FILTER ASSEMBLY

Filters are an essential par t of all aircraf t hydraulic systems. They

are ins ta l led in strategic locations to protect components which are sensitive

to contamination . Some filters have bypass relief valves . Type 6 filter is

ei ther  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 wi th  opt ions

as noted . The internal f l uid volume is input along with the rated flow and

pressure drop of a clean element . The next column contains the viscosity fo r

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 setting is input.
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CARD 1 FORMAT

~~~~ 
‘:
~~,

l:’

1. II. (NUMBER OF CARDS) 2

7X BLANK

9-1.6 F~ .3 (EU24ENT TYPE ) 6. 
-

17-2’4 T~~~~3 JUNCTION 1

25—32 F’8.3 JUNCTION 2

Ft~.3 SIZE 1 IN. (See Options)

4l—~48 P9•3 SIZE 2 IN. (See Options)

/
~9—56 F8.3 INTERNAL FLUID VOLUME

FP 3 RATED FLOW OF CLEAN GPM
___________ __________ EL~~1ENT ______________

RATED PRE SSURE DROP OF
- 

__________ CLEAN EL~~fENT —

73..~~~(j 

— 

F83 VISCOSLTY AT RATED CENTISTOKE S

CARD 2 FORMAT

cCLUr ?~s 1~CP~~T flA TA f l f l . C .~~
Il

1-8 1~~.3 CONTANINATION FACTOR PSI

9-16 
— 

1’8 .3 RELIEF SETTING PSID

17—24 F BYPASS PRESSURE DROP AT8.3 RATED FLOW PSI

25-80 -- BLANK --
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EXAMPLE

TYPE 6 FILTER INPUT DATA

2 DATA CARD S REQU I RED

CARD 1

-~4 ” . 24’~. 1I~. l~ i . 1~’ . Ill . 1:~ . 
‘ _____

I 4 * •.. l’ ‘ IS 1 4 ’ I  4 IS  21 •,S ‘‘5 2* 11 15 11 41 l,’ ’I IS II 147 14 fl 41’ 4, 41 15.4,11, .4. .,I ‘ f l 2 31 5 4 . 1 . -C ~~~‘Il 15IM 3 4 * 5

o a t ;  ; 0 0 0 0 0 0  9 0 ; I ~~~ 0 0 0  0 0 0 0  
~~~~~~~~~~~~~~~~~ 

0 1 i 0  0 0 0 0  0 0 0 O i 0 ~~O ;‘;i~ ~~~~~~~~ ~ 8 0 0  o o u 0 0 0 0
I I I I I  ‘ S S 7 , ’ ’ ’  I I I ’ S ‘5 ‘ ‘ I ’ l l ’  ‘I II , l ’ ~~’5 ’ l ’  I I I  11’ I l l  SI Ii ,II II 5 5 1 1 11 1 SI II SI l lS  II SI II 55 5,  57 ~~ ‘I II 5 5 ’  ‘5  ‘ 5 1 1 1’ 5 7 1 , 5 1  11,11 1 11 51 ‘I I’ ‘7 fl ’I ’II ’S ’S ’I ’I SI

I I  7 1 1 : 7 1 1 1  I I T I  I I I  I I  I I  I I I I  I I  I I I  I l 1 ~~~I I I  I 1 1 1 1 1 1 1 1 : 1  1 1 ~~I I I  I I  I ’ ! I I I I I I ,I 7 T I  I I I I  I 1 1  1 I I

•1 22 12 2 2 2 2 1 2 1 2  7 2 I 22 ~ ’’~~ .2 2 1 7 2 7 2 7 7  H 2 2 2 7 2 2 7 7  ~77 2 7 7 7 7  2 2 2  7 ’? 1 2 7 7 0 1 2 2 7 1 7 2 7 2 2 7 2 1 7 7 2 2 2 1 2

~~~~~ 3 ; 2 3 3 3 • 3 3 3 3  ~~ 3 3 3 • 3 3 3 3  
~~ 

3~~3 3 3 3 3 3  I~ 
3 3 3 3 3 3 ~~3 

~ ~~~~ ~~~ ~ 
33 1 3 3 3 3 3  ~ 1 333 1 3 1 3  •)  3 3 3 3

4 4 4 4 1 4 4 4 4 4 4 4 * 4 4 4 4 1 4 1 4 1 4 1  
~ 

4 4 4 1 4 1 4 ~~4 4 4 4 4 4 4 4 4 4 : 8 1 4 4 4 1 4 4 4 1 : 4 4 4 4 4 1  4 4 ’4 4 1 4 1 : 4 4 4 4 4 , 4 4 4 4 4
‘ ‘ 1 5 1 5  I I I S I , I7 ,I I ,I , l , , I S ‘ ‘ ‘I ’ S’ il ’ I ’ I I II I)~~II I l II~~ l S I I II Il I1 S I I , I~~II I I Ii I I I I  II I !  ‘~~

, Il l  h I s S  1 5 1 5 1 , 1  I ’ I ’ I I I , , I I lI St ’S ‘ ‘ J I ’I ’ S ’ ’  S i l l

5 5 5 9  S I S S S S O S S ’ S 5 S S S  5 5 0  ~51 S S I  S 5 0  3 5 ’ S  S S S S S S S S S S  S S I I  s~~ s s s s s s s s  s s  s o s  5~S S S S  
~~ ~~~~

6 6 6 6 6 6 6 6 , 6 6 6 6 6 6 5 5 6 6 6 6 6 6 6 6 ’ 6 6 6 6 6 5  6 6 6  6 i6  6 6 6  6~6 6 6 6  H6 5 6 6 6 6 6 6 6 6 1 6 6 6 6 6 6 6 6 6  S’S 6 6 6 6 6 6 6 5  6 ’ S 6 6 6 6
I MCDC,’I~’JrLL AUTOMATION COMPANY I I I

~ J T I H 7 7  7 7 7 7 7 7 !  
~ 

I I I  ‘~~‘ I I 1 l : 1 1 1 T 7 7 7 0 7  ~~~~~~ I I I  ‘ : ‘ I I I I I 7 T I ’ ’ : l :  I I I ?  7 7 ’ 7 7 7 7 7 7 7 7 ~~ 7 7 7 7 ! ?

8 1 0 8 8 : 8 1 0 1 1 3 1 1 1  0 0 8 8 I I (  8 8 8 0 : 8 9 1 0 8 0 * 8 8 1 : 8 1 8 8 * 8 * 1 8 8 : 8 1 * 8 8  8 9 8 8 : 7 8 9 1 1 1 8 3 8 1 8 1 1 8 * 0 1 8 1 1  I I I 1 1 8 1

3 9 9 9  ~~ 
g~ ~~ ~~ 2 3 3 3 9 9 9 3  9 9 9 7 9 0 9 9 9 9 9 9 9 9 9 0 9 9 9 9 9 1  i 7  1 9 7 1 9 9 9 9  lii 9 9 9 9 1 9 9 9 9

I ‘ ‘ ‘ ‘ I’ ’ ’  I ‘ 1 1 1 1 , 1 ,  l U l l  1 : 1  1 I I I  I’ I I ’ I i  I, I’ I’ l l  ‘ ‘ 1 , 1 , I . I l ’ . l , ,’ l ~~~~~~’’ I 1 ’ , S ’ ’ S ~~S

CARD 2

‘ .  17 f l f l 1 . f l f l h i fl~~~~~I ’ W U 5 4 f l l l 5 4 .O I4 ~~~I . 5  ‘ ‘ I~~~~ ’- ’ 4  •~~~~~~~4~~~ ’ 1 ’ b 4

2 3 1 1 0 * 0 0 * 0 ; :  11 1103 H .u s s ’ ;ssssss iss s s. sss I s .s : , s 
•I l

fl

• •  ~~~~~~~~~~~~~~~~~ •• ‘1 ’

I 5 4 I I’ I I S I ‘ I ‘ ‘  I I,~~ 7’  ii ~ I SI SI ll 54 I4 ,IS S I IS IS II I’ II 11 1 5  1 1 , 5 4 1 ’  d l i  II~1’ II II S IS ‘ 5 I 11 I It I IS 11,14 1 II SI l l ’ ‘7 1 1111’’ I 1 1 1

I I I I ’ ; ‘ I I I I ‘ I I I  I 1 .7  I I I I I I I I I I I 1
~
I 1 I I I I I I I 1 1  I I I I I I I I I I  I I I I , I I I 7 I I I l~ I I I I 

~1 I I

7 ?  2 7 7 7 7 2 2 1 2 7 2 2 2 1 2 7  : 2 2 2 1 1 7 2 2 2 2 2 1 7 7  2 2 2 2 2 2 ? ?  2 2 7 1 2 2 1 7  2 7 2 7 2 2 2 2 7 7 2 1 7 2 2  2~2 2 7 2 2 7 2 7 1 2

3 3 3 1 3  1 • 3 3 3 , 3 3 3 3  1’~ ~~ I ~~ ~~~~~~~~~ 3 3 3 3 3 3 3 3  3 3  3 3 1  3~2 2 3 3 3 1 7 1 7  3~3 3 3 3 3 3 3 3 3  3~1 3 3  ~,i 3 3 1 3

4 4 4  4 4 4 4 1 4 , 4 4 4 4 4 4  4 4 1  4 4 ~4 4 t  4 4 4 4 4 4 4 ’ 4 4 4 4 4 4 4 4 4 4 ’ 4 4 4 4 1 ’ 4 4 4 4 4 4  4 4 4 4 4 4 4  4 4  4 1 4  4 4 4 4 4 4
I I I I I I - 5 - I I I ’ ‘ ‘‘ I 1 , 1 I’ ‘S ‘1 15 11 17 11 IS 1 , 1 , 1 5 4  .3 5 S I l l s  I’ ll I Il lS 5~1 5 .5 1 , , 1 5 15 1 ,4~. I I, II 11 , 1 1  ‘ .5 13 I~ 

- I I ‘ I I •II

~ 5 5 5 5  
~~~~ I~ 

S O S  5 3  ~~~~~~~~~ I I S  5 5 3 5  S S S S S  S s S  S S S S S

5 6 6 5 6 6 6 6 1 6 1 6 6 6 6 6 $ 6 5 3 * 6 6 6 6 6 6 6 1  4 6 6 6 6 6 ’S 6 6 6 6 6 6 6 6 6 6 6 6 6  6 6 6 6 6 6  6 6 6 6 6 6 6 6 6 6 6 6 6 1 6 * 6  16 , 6 6 6 6 *
MCOONN~~LL. 4UTOMATIO*4 COMPANY , , I I

‘ ‘ 6  ‘ 7 7 7 0 : 7 7 7  ‘:~ 
7 7 7 7 7 7 7 7 7 , 7 1 1 7 7 7 7  

~~~~~~~~~~~~~~ 
7 7 : 0 1 0 1 0 1 1 1 7  ‘:‘ ~~~~~~~~~~~~~~ 

7 7 1 7 7 7 7 ’ 7 I I ! !

8 3 0 4 8 1 1 1 8 1 1 1 1 1 1 1 8 8 8 1 1  d . I I I l I l l I l I I l l l I  1 1 1 1 1 1 1  I l l I l l I l l I l l  1 1 1 1 8 1 1 :1 1 8 1 1 1 1 1 1 1 1  * I I I
— ‘ I I I , -

O 1 3 4 9 ;  3 9 8 1 9 3 9 9 3 3 9 9 : 9 9 9 1 9 , 9 1 1 1 3 1 1  I 9 I I 8 I 1 l l l  l 1 I * 1 1 8 8 1 1 1 1 1 9  III 9 9 1 9 I 1 1 I 1 , 9 1 ! 1 1 l 1 9 l  1,9 9 9 9 8
S I I I  S I I ’ S I ’ I  ‘ ‘U ’ l ’l ’I 1 I I I ’ S I S I U II I I I I S 9 I S J I S S ISI SI W ’ S I S , ’ I S 5 I 15 IS II SI II II I . ’ ’ I I S I S . l ’ 1 4 l ’ l ’’I I II S ’ ’ ’ 5~~~~’ ’ S I  8 5

- - - _



2 .1 .4 .7  Type 7 — Accumulator
Gas Cha rge Valve

,— Precharge Gas Volume
WIt h Piston Bottomed

Size 1
Gas

Option 1 (Boss for Tube Size In l6ths of an In.)
Example: 4 = 4/16 in.

Option 2 (Boss ID. in in.)
Example: 0.172 in.

I SIze 1

Junction 1
G114 011 2 6

ELEMENT TYPE 7- ACCUMULATOR

An accumulator  may be a pis ton type , bladder type , or an air to oil

ty pe. 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 t~ volume interval are used

when the accumulator is the system power source. If numbers  are input in these

columns when a pum p is the powe r sou rce , the  numbers will  be ignored and the

accumula to r  is considered to be a s t a t i c  element. The column fo r  .~ volume

i n t e r va l  is f o r  f u t u r e  program development  of the  accumula tor  as powe r source.

The a c c u m u l a t o r  r equ i r e s  one da ta  card fo r  i n p u t .  Onl y one j unc t i on

po in t  number and one size are required.
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CARD FORMAT

CCLI” . t ( ’ ? ’ 5  ‘r fl TP r 
~~
“‘.“

1 P (NUMBER OF CARDS) 1

2—8 7X BLANK

9—16 F8 ..3 (ELEMENT TYPE) 7.

l7-2~ 3 JUNCTION

25—32 F8 .3 SIZE IN.  (See Op t i o n s)

33—40 ~~~ PRECHARG E PRESSURE PSI

41-48 
~~~

. 3 PRE CHARCE VOLUM E 1N~

49—5 6 F8.3 PRECHARGE TEMP ERATU RE °F

57—64 F8 .3 INITIAl.. PRESSURE P SI

65—72 F8.3 ~ VOLUME INTERV AL IN~

73—80 BLANK 
_________________ }

EXAMPLE

TYP E 7 ACCUMU LATOR INPUT DATA

L ’— l lI’I . “—I l. I h ) I i ~ ~ I 7I7I1 • I. 
“5

I I I I 1 1  -~~~~~~‘~~~‘ I I I I  I ~~~~~I~~~1’ , I I  I ‘~~~ I ~~~~~~~~~~~~~~~~~~

C 2 1 1  1 0 0 1  0 0 0 0 0  t O  0~0 I C  £ 2  0 6 4 3 0 0 0 1 1 1 0 0  L’ 1 0 IC 8 0 : 0 0 0 2  C ’ IID 0 0 - I C 0 0 0  C I  0 3 0  0~0 0 J O  o : o o

I I I  I I 1 1 1 1 1 1 1 1 1  IH~IH I I i  1 1 1 1  I i ~~l I~~~ i I l 7  
‘ I I I  

I 
I I I  

I l l  HI  I 

; , , 1 . 5 l , ’I~ 

I 1 1 1 7

1

7

2 2 2 7 1 ?  7 2 2 2 7 2 2 7 1 1 1 2 2 2 2 2 2 2 2 2 2 / 1 / 7 1 1 1 1 7 2 2 2 2 1 1 1 2 2 1 2 ?  2~2 2 2 1 2 : 1 2 2 1  2~2 1 : 7 7 2 2 2 1 1 1 1 1 1 2  H 2 2 1 1

1 5 3 3 1 3 3 3 I : 3 3 3 3 3 3 3 3 ~~1 3 3 3 I I 3 3 1 3 L l 3 l 3 3 I 3 3 l , I 3 4 3 3 3 3 3 3 3 I ~ H I 1 3 3 I , f l 3 I : 3 3 3 H 3 3 i 3 3 3 j
4 4 4 4 4 1 4 1 4  I~ 4 ~~ 4 4 4  4 1 8 4 4 1  I 4 4 9 4 1 4 4 4 4 . 4 4 4 4 4  1 1 4 4 4 : 4 4 4 1  7~ 4 4 4 9  1 7 4 4 4 3 6 4 4 4 4 4 4 4 4  4 4 7 4 4 4 4 4 4 4

I I .  , , I ‘I I ’ S ’ , , . S I I I I S I’ ’ S ’ . l  S f l I I , , , , II , l . 1 1 .
1 . 1 . 1 .

s s ’ ~~ s 5 s 5 I s L , s s 1  0 0 2  I~s ~ ~~~ ~~~ s s s s ~~s s I s ~~s s  55 1 3055 : 0 ~~~~~~~~ ‘ ~~~ ~~~
6 6 E 6 6 6 C ~~ 6~~ 5 6 t  4 ’ 6 & G & 6 6 I , G 6 6 S 6 ~~I~~6 6 b 6 6 6 6 6 i ’ 5 & 6 5 6 ~~ 6 t C I 6 0 6 6 6 ’ C  6 6 ( 6 6 5 6 6 ( 6 6  S S C

frI (
~ 4,’ ( I S J f r J I  7 4  A l I Ts , ) MA T I Q N  COUI-’41’J ’.

i I I I  I 7 7 1 1 1  I I I M 1 I  I I  7 1 1 7 : 7 7 7 7  I I  1 1 1 7 1 1 0 1 7  7 ?  I I I  I~ l O l l  I l l ?  I - I l l  7 , 7  7 I I  I i  1 7 1 1 7  ~ :~ 
1 7 1  7

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S l ~~3 9~~S 9 S 2 C I 9 1 ’ M ~ 

‘~~ ( J ’3 1  J q  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ , J ) 9 ~~~ 1~~ 1l7 1
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2 . 1 . 4 . 8  Type 9 — Flow Through Reservoir

Junction 2 (Always Bootstrap Port)
Size 2

BS AHP ( High Pressure Area)

Ven t
to Atmosphere

Junct Ion 1 (Always Retu~~~ o
1
rt~~~~~~~~~~~~~~~~~ 

Porl

Suct Ion Pert)
ALP (Low Pressure Area)

Size 1. Size 2 and Size 3

Option 1 (Boss for Tube Sire in l6ths of an in .)

Example: 12 = 12/16 in,
Option 2 (Boss ID. in in.)

Example: 0.609 in.

ELEMENT TYPE 9 - FLOW THRU BOOTSTRAP RESERVOIR

The type 9 reservoir is a bootstrap pressurized f low through type with

system return fluid normally passing through the reservoir before going to

the p ump suct ion port . The reservoir  model is corrected for altitude from

sea level.

Two cards are required for input data. The return port , b I o l t ~~ tr 11 2 ’ port

and pump suction port must be numbered j u n c t i o n s  1, 2 , and 3 r e spe~~t L v e 1v .

Sizes 1, 2, and 3 correspond to the junction numbers . The 1lrea ot t h e  p i o t o n

upon which boost rap pressure  is actin g is i n p u t  a long  w i t h  t h ~ 5irea 07  the

piston exposed to the low pressure f l u i d .  Card 2 c o n t a i n s  t h e  e~~ :’ v , i l c n t

seal friction force where : SEA L FRICTION FORCE (LB) 1O.X(S t ’M )F TUE D Y NANO C

SEAL ODS).
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CARD 1 FORMAT

r ” 1 ’~ : ‘ Ti . ’

1 (NUMBER OF CARDS) 2 — —— 
-

BLAN K

~-l6 ‘p .3 (ELEMENT TYPE) 9 .

JUNCTION 1 (R) 
-

2~ -32 ~~3 JUNCTION 2 (BS)

JUN CTION 3 CS)

‘4 1— 48 .3 SIZE 1 IN. (See Options)

F8 .3 SIZE 2 IN . (See Options )

___________ — 

SIZE 3 IN. (See Opt ions )

6,5—72 T ? .3 HIGH PRESSURE AREA IN 2

73—90 :9.3 LOW PRESSURE AREA IN~

CARD 2 FORMA T

‘TC~ .T

SEAL FRICTION LBS

9—2 0 BLANK
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EXAMPLE
TYPE 9 FLOW THROUGH RESERVOIR INPUT DATA

/ 2 DATA CARDS REQUIRED
CARD 1

I I • . 7~~fr . 7 ’ . l 1~~~~ ‘.‘ f . ’ . I ’I l I l . ~~~~~“ ‘ ~~~ ‘ I ‘ 1 7 I ” ~~~~ • . - .  I

3 0 I 0 1 00 0 6 0  •C~0 0 0 3 0 1 0 6 6  0 0 0 0 2 0 0 0  O~I ~~ 05 J O  18 00 0 0 0 0  O~Q 0 0 1 0 0 6  ‘lJ 0 0 0 0 0 0 3 0
I i ,~ 1 1  ‘ ; f 1 ’ •‘1 14 ,’ I I I II , ’.IU, If .’’’ ’ ’ I, ’I I .I ,I , ‘ 7 7 l7 ,L ,, I ’  I ‘IJ ,  I’ l l  I , , , I ’ , I II II ’, ; ’ r ’ , I ’ I , . I l l

I ~!
‘ I I I  I I I I I  I I I I~ I I I I  I I  I I I I  I l l  

~ I 
I I I ij I I~ I I I I I I I I  I I

’
? II I h I  7 I I ~~ I I I 1 I I I 1 !  I I I

I .‘ ::  ~~~
‘ 1 7 2 2 2 7 2 1  1 2 2 2 2 1 1 :  1 2 1 7 2 2 0 2  I~ 2 2  2 2 2 2 2 2 7 1 : 2 2 7 1 2 1 2 7 ?  1 2 1 2 2 1 0 1 1 1  1 2 2 2 2  2 1 1  1 2 2 1 2 2

3 3 1  ~~~ 3 3 2 3 1 3  ~~3 3 3 1  i l  3 1 3 3 3 1 3 3  i I~ 3 3 3 3 3 1 3 3 3 3 0 3  ~ 3 3 3 3 2 3 3  ~ 3 3  3 3 3 1 2 3 1 3 3 3 3 3  II~ 3
4 1 4  

~~~ S I ~~~ . I~~ 

~~~~~ 

~~~~~~ YI~~I~~~~~ ~~~~~~~~~~~~~ 
~
I’

~~ ~~~~~~~~~~~~~ 
•.I L.~~ I l l,, ~~~~~~~ i l l  

~~~

5 0  5 ’ . 0 5 : ~~0~~~ 5 0 5 0 5 0 5 0 0 2 1 0 0 0 1 0 0  1 0 0 5 0 5 4 0 3 5 5 ’ ~Iss
C 4 1 5  6 6 1~~~~~b ,, l 6 6 & I b S & (  . 6 6 1 1 , 0 6 6 1 6  6 6 6 6 6  1 6 6 6 0 ’  0 0 6 6 6 6  ~G o ~& t 6 6 C o I~~o C G  2 6 0 6 6 6 6 6

P~4 ( I ‘L) NP .J I I I fr I TC,AI 4’ lC ’)~I QP. l~~AP.~ Y
I I  2 7 I I I  7 7 I 7 7 7  ‘ I  I I  I I’! I 7 1  7~l I i I I I  l I 7 II 7 I l  ;: ) I l  I I I  I I I  I I I  1~l I I  7 7 1  1 1 1  1 1 7  7 H 7 1 1 1

8 1 6  H O 8 1 3 4 0 .  b~3 6 0 0  r 8 8 0  s
’
~ .19 o~ 6 0 0 . 1 1 1 8 0  8 I b ’l 0 1 0 2 1 0 0 0 5 0 0 8 1 1 0 0 0 0  s ic 8 8 0  3 8 0  I b O O

CARD 2

I . . ‘ I 4 ‘. , ‘ ‘ I I I I I - I , G , ‘ ~~f l Y 1 ’ ’l ’ . ‘ ‘I ‘ I ’ S  I , . I , l ,1 . , . ’ ., , 7 ’ , ’ , . , . ’,, .. ’l ‘

0 2 1 0 0 , 1 0 0 3 6 10 0 0 0  C l  0 0 0  O~O 0 0 0  0 0  0 0 0  0~0 0 0 0 0 0 0 0 6 0 0 0 0 5 1 0 0 0 0  0 1 0 0 3 0 6 0 0 6  0~7 0 0 0 0 , 0 0 0 0 1 3 1 3 0 0 0 0 2 0 0

~~‘ I i I i 1 I  I I I  I I H I I I 1 H  H I S  I l t i l i t I t i l  I 
I f l ’~~ 7 ) ; , , ~~ I l i , ;  ~~~~~ 

I l L

2 1 2 2  2 : 2  1 2 2 1 2 2 2 2  2 1 2 2 0 2 1 1 1 0  2 :2 7 7 1 7 2 1 2 2  2 :2 2 2 2 : 2 2 2 2  ‘1~ 
1 1 0  111 7 2 1 2 2 1 1 ? 11 1 1 H 2 2 1 1  ~ ? ?1 ~~ H ? ? ?

2 1 3 1 3 ) 3 3 2 3 3 3 3 3 3 :3 3 3 3 3 0 3 3 3 3 3 3 3 3 3  3 3 3 3 3 3 1 3 3 , 3 3 1 3 3 3 3 3 3 3 1
7 3 3 3  3 1 3 3 3  3~1 03 7 1 1 1 3 3 2 : 1 1 ) ?  1 7 3 1 3

4 4 4 4 4 4  4 4 4 4 4 4 4 4 4 :4 4 1 4  4 ?4 4 4 4 4 1 4  4 4 4 4 1 4 4 4 1 4 4 1 4 1 1 4 4 4 4 4 1  4 4 1  8 4 7 8 * 4 4
I I I I I 7 ’  I ’ l ’ ’ ’l I’ ’I I ‘I ‘ ‘7 I ’ ’ l ’ ’ I ’  I I I , ‘ ‘ Il l ’, : .  I ’ ?  l I l , , l , , , l l l I ,’ ‘ ‘ ‘ , I ’  - l l I ~~~I 1  - ‘ I  .1 11 

‘ I I ‘ I

5 5 0 0 0 0 0 0 0 0 0 0 0 : 0 0 0  S 5 5 0 0 0 0 5 0 0  S 5 5  0 5 0  0 0 0 0 0 0 0 0 5 0 0 0 5 5  S 5 0 5 6 5 5 3  5 5  5 5 0 5 5 5 5  6 5 5 6 0 0

5 5 5 5 6 6 6 0 6 6 6 6 5 5 5 6 6 6  56 5 ~~~ 6 6 6 6 6 6 6 5  6 2  5 6 6 6 5 6 6 5 6 6 7 6 6 5 6 5  6 6 5 6 6 £  6 0 6 6  C 6 6 6 6 5 6 6  £ 6 0  ‘ 1 0 6
MCOQN~.JE’I L AuroMAT;ON COMPANy

7 7 7 1 1 , 7 0 0 7 7  7 7 1 7  7 1 1 7  7 I I I )  7 I 7 7 7 7 7 7 I  7 i 7  1 7 7 1  7 7 7  7 7 :  7 1 1 1  I I I  I 7 1 I ~I 7 I i  1 7  7 ’  ‘ 1  I I  7 I 7

8 0 0 1 0 0 0 1 1  0
$
I 1 0 8 1 8 8 0 0 8 0 1 1 4  II 1 0 0 8 1 0 8 8 : 1 6 8 0 0 1 1 8 0  H 8 0 * 2  0 8 0 0  * 01 1 0 7  ~ 3 4 4 9 7  * 0 7 4 1  1 0 0

1 9 3 ~ I 3 3  9s9 9 9 9  0 9  9 0 9  1 0 1 9  1~3 9~~~~ q g  0 3  91  3 3 1  “ ? S H 1 O 9 1  7 0 3 1  7 1 9 9  3 : 7  7 9 1  3 3  5 ~~7 1 H 1 1 1 3
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2 . 1 . 4 . 9  Type 10 — Special (Flow vs tSP )

Size 1 Size 2

Junction K Junction 2

(~s~) ~~~~ 
0

Size 1 and Size 2
Option 1 (Fitting End or Boss for Tube S,ze in l6ths of an In.)

Example: 6 3/8 in.
Option 2 (Actual Fitting or Boss ID,  fl In .)

Example: 0,297 in.

ELEMENT TYPE 10 - SPECIAL (FLOW vs zIP)

The special category is used fo r  elements which have a series of known

measured f low versus pressure  drop poin ts . These may be input  as AP and Q

values w i t h  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

assi gned numbers f rom the  block d i a g r a m  (Example :  1050. and 1060.) .  Sizes 1

and 2 are ‘the  f i t t i n g  end or i n t e r n a l  por t  ins ide  d i ame te r s .
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CARD 1 FORMAT

COLUMNS FORMA T 1 DATA DIMENSIONS

1. II. (NUMBER OF CARDS) 2

2—S 7X B LANK

9-16 F~ .3 (EL~ 1ENT TYPE) 10.

17-2’4 JUNCTION 1

2~ -32 FS.3 JUNCTION 2

33—40 F~ .3 
SIZE 1 IN. (See Options)

— 

4l—~8 FB .3 SIZE 2 IN.  (See Op t ions)

FLUID DATA VISCOSITY CENTISTOKES

57—6’4 FP.3 NUMBER OF POINTS

65—72 r~° .3 PRESSURE DROP 1 PSI

73—S C) FP .3 PRESSURE DROP 2 PSI

CARD 2 FORMAT

[~~~~OLU~kNS Fc~ MAT DATA 
- 

DIMENsIONS~~~~~

1 8  F&3 PRESSURE DROP 3 I1SI

9-16 ‘p .3 PRESSURE DROP 4 PSI 
—

17-2 4 ~‘~ . 13 PRESSURE DROP 5 PSI

25—32 Y° .3 PRESSURE DROP 6 PSI

13-40 
- 

F! .) FLOW 1 GPM

FLOW 2 GPM

49-56 F~ .3 FLOW 3 GPM

57-t4 ~‘.3 FLOW 4 (1PM

65— 72 F!.3 FLOW 5 (1PM

73— 80 F8 .3  FLOW 6
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EXAMPLE
TY PE 10 SP E CI A L (FLOW V S . A P )  7N 1’UT DATA

2 DATA CAF.I)S R~q~~~~~~
CARD 1

. 1.~- ~
-  II~

1 ‘ ‘  I , ., l • ~~~~~1 ) ~~ . , 7 / ’  • ‘ 2 . /
~ I 4 1,1 1 7 ’  II. ‘. ‘ ‘ ‘ I ’ I ~~~~ I I :  I ‘I’ M’ /, ’. .2. 1 .

O~0 0
’ 

C O O  0 0  0 0 0  0 q 

I ’ 4 ” I  

~ o
’ ’

~ ~ o~o ‘
‘

o
’ ‘ 

‘o
’

o 
‘
a ~

‘
o

’
; .

“

~ ~ 0 0 0 0  o n o ;  O~U 0  
I ’ ;~,; ~~ 0 • ~~ 

.; 
~7 1 2 , 2 I I I ’ I l  ‘1 I I t ’ ’ ’’ I J I 1 ’ I ’ I ’ r 7 , ’ 3 I I : ~~ ’I l’  II III’ I I’ I I I I I , , I I I ’ Il ,I :flI I? II ’I ’ , A I !  1 1 1 21’ I I ’ I , 1I 17, : I , :III I l , ’t ’I I l, ’l II I ’I N

1 7 7 1  I I I I~~~l I I  I I  I I~~~I I I I I I I~~~l I I I I I I I I I I  I I I I  I 7 I I I I I I u I  I I  I I I I  I I I I i  I l 1 7 I I I I .7  I I

U l 1 1 1 2 ? 2 H 2 1 2 ? 1 2 ? 1 ? ~? 1 1 1 ? ? 1 ? 2 ? ? 2 1 ? 1 ? 1 7 l 2 ? l 2 l 7 7 7 7 1 H 1 7 2 7 7 7 1 2 1 ~? 2 7 2 H 2 7 2 ? 2 7 7 l 2 1 7 7 l 7

~~ ~3 Ii 3 3 ~ 3~3 3 3 ~~ 3 3 3 3 1 
~~ 

3 3 3 3 3 • 3  3 3 3
~~

3 3
~~.~~~~~

3 ;~ 
O~~ 3 3~3 3 3 3 3 1 1 3 3 1  3~3 3 3~ 33 3 3 3 3

4 4 4 4 4 4 4 4 4  1~ I 1 7 4 4
1

1 7 4 1 4 4 4 4 4  UI 4 1 4  4~4 4 4 4  s ’ 4  ~~~~~~~~~~~~~~~ 4~~~4 4 4 1 4  1 4 4 4  4~~ ~~~~ ~~~~~ 4 4 4 8 4 4 4 4 4
I I /I ’l l ’ I I !  I l ’  :, ‘I I, ’ , I ’ ’ u ’I ,1 ’ ’ u J I ~~s , , :I I,~~~~ ’ I I I I ’ I l1 lI I ’ II I lI II ’ r I I ) I , , I .t I ’l S ’ 1 I I’ I W ’ , 4i I II I , ’~~~I ’ ~ I I ’ ’ , I ’ ’ I ’ I II

~~~~ S 5 0  0 5 0 5 3 5 0 . 5  5 0 5 S  5~ 5 5 5  S~0 5 5 5 0 5 0 5 0 5 5 5 5 5 5 :5 0 0 5 0 5 S O S  5 5  5 5 5  5~~ 5 ~~ ~~~ S 5 ~

6 6 6 5 7 6 6 6 6 6 2 6 6 5 6 6 6 6 6 6  0 5  5 5 1 0 6  0, 2 6 1 6 6 6  5 6 6 6 , 6 6 6 6 5 6 6 7 6  6 1 6 6  6 6 1 6 6  6 .0  6 6 6 6 6 6 6 6  6~6 6 6 6 6 6 6 6 6 6
M, ’ r ’ ( ’N ~ :, LI 4 t 1 T 1 ) ~~ 4 A T I ~ ,)N COM~-’A I ’J y I ‘ I I

1 7 7 1  711  7 7 7 7  7 7 7 1  ‘ 1  1 7 7 7 1  1 7 7  1 7  I HI 7 I I I I  I I I  III 1 7 1  H 7 7 7 1 7 7 0 1 1 , 7 7  7 7 1 7  7 7 7 : 7 7 7 1  ~~~ 1 7  7 7~1 1 1  7 1

0 * 0 0 8 ,8 7 * 0  0 8 8 0 0 8  8 7 6 1 8 . 0 8 : 1 I ~~ * 1 8 1 8 8 8 6 0 1 0 8  0 0  4 0 0  8 * 7 8 1 0 0 1 7  418 0 7 4 8 $ B  I 0~8 1 0 1 1 8 0 9 4 1

CARD 2

‘i .  ‘ . ‘
~~~. i .  i~ - . 271 . , ‘ ‘ -

~~.

I l~~~~~ f l t  1 ‘ 7 1 ~~~ I I ’ , i / f l . , •1  4 ? ’ l ” I ’ .l I I I ’ ’ 1 4 I11I. I ’ 1. 11 1 1, 1: 1 ~~I~~ It ~~~~liI I ‘-,.I...i’.1n,..~.nn ’ ’I

8 0 2 0 0 0 3 0 5  fl~3 O W  o u t  1 8 0 7 9 ’0 0 I O 3 5 9 9  3 0 0 0 3 0 8  ~~O 9 D D O J 0 O O O D D 0 O 0 ~~ 0~~ 0~~ O O 7 0 7 D 8 O O ø

I I I  1 , 1 I I I I I I I 1 I I  I T I  I I 7 I I T~~ 7 I I  I I I I  I I I  I I I I I I I I I 1  I II I I I i 1 : 1 • I  7 7 1 1 I I I 
~: I I I I I I I I l I  I I  I I

7 2 1 1  2 1  2 7 2 ? ?  1 1 1  17 ~~1 ? 2 2 7 2 ?  1 1  1 1 2 7 2 1 2 ?  7’? 1 1 7 7 1 7 1 1 1 2 7 1 1 1 7 7 1 1 2 ? 2 1 2 1 2 1 2 2 1 1 1 2 2 2 1 1  i l l ? ?  1 1 7

1 1 3 3 3 : 3  3 3  3 3 3 ) 3 3 3 ~~3 1 3 3 3  1 2 1 0 3 H 3 3 1  
~~ 

3 3 3 3 3 • 3 3  ~~ ~~~~ ~~~ 3 3 1  7~3 3 3 3  ~~ ~~3 1 f l 3 3 3~~. 3 3 3 3 3

4 4 4 4 4 4 4 4 4 4  7 4 4 4  4 4 4 4  1 4 1  4 1 1  I * 4 4  4 4 4 4  4 4  I ¶ 1 : 1  4 4 4 4 : 4 4 4 4 4  4 1 4 4 4  1 4 4 4  4 4 4 4 4 4 4 4 4 ~4 4 4  4 4 : 4 4 4 4 4

1 7 6 6 6 6 6 6 6 6 6 6 6 6 6 ’  6 6 6 6 6 6 5 6 6 6 6 6 5 0 6 5 6 6 6 6 6 1 6 6 1 6 6 6 6 6 0 6 6 6 6 6 6 6 6 6 :6 6 6 6 6 6 6 5 6 6 :6 6 6 6 6 6 6 6 6  6 6  6 5 5 6
M t~ L~ N rId E’ t , A ur op I ,/ 4 r I o N  &;OM!’A,v ’~

:~ ~ ‘‘ ~ 7 0 7 7  0 1 1 0 1 1 17 7~I 7 7 7 1 : 1 7 7  I 1 ’ ;  ~~ , 
I 1 7 7 1  I I I 7 1 2  

~~ 
1 1 1  l~I 7 1 7 1 : 1 7 7 1 7

1 1 1 0 1 8 1 8 7 1 8 4 * 7 7 ,3 3 0 . 6 * 3 6 8 0 0 1 8 0 4 1 7  1 1 1 8 * 9 0 0  ~~ 0 0 7 7 0 0 0 7  0 * 0 * 8 4 0 , 0 1 7 0 0 3 8 * 1 * 7  8~4 1 1 8 1 9 8 1 ,

I ~ , 
0 9 : 9 3 9 ~~ ~~ 0: 9 7 1 9 11 9 

~I ,
‘~ u~ 9~ ~~~~~~~~~~~~~~~~~~~~ 9 !  9 1 9  01! ~W : I 9 0 f l
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2.1 .4.10 Type 11 — Flexible Hose

Junc::: 

~ 
i;~ — -~ 

— — — j ,~
_
~~C::t~

0h1 2

~..i:~~~:I_..___i—i ~/ 
Ju nct IOn 2

Junct ion 1 
“

~~ Size 2

— — 
Bi Size 1 and Size 2

Size 1 

Option 1 (End Fitt ing for Tube Size in l6ths of an I n . )

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

GP74 0772 Id

ELEMENT TYPE 11 - F L E X I B L E  HOSE

The f l ex ib l e  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 nipp le 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  f rom the block d i a g ram  (Examp le: 20. and 25.).

S i z e  is the equivalent tube size , but does not have the equivalent tube size

o p t i o n s.  For c a l c u l a t i o n  the  internal diameter is a required input.
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CAR D FORMAT

_____ —~~~~~ 

• i’~’ ’ ’ ’  I . ” .’ ‘ ‘

1 ~1 (NUMBER OF CARDS) 1

BLAN K

~- i( ~
‘ . 

‘
~ (ELEMENT TYPE) 11.

17~~~’ ~ JNCT ION 1

2~ -~~ :~ .3 ~ JNCTI 0N 2

SIZE IN. (l6ths)
— 

I J ~~~~’. ~~~~~~?, HOSE INSIDE DIA. IN.

‘ 3  LENGTH IN.

1. 1;._ c.. Br ‘dl) ANGLE DEC

BEND ANGLE DEC

~. T 3 BEND ANGLE DEC

EXkMPLE

TYPE 11 FLEXIBLE HOSE INPUT DATA

I I. ,~~i I 
- 

~~~~~~ l~ ’ . . , ‘~~ ,~~‘r , 
-~ .~~? ~~~ ‘

fi

~

/ ! 4  4 1 ’ ,’ ‘4 ’• 1. 2? /4 I II II ‘I I
~~~

1 6 1 I A  ‘ 2 4  • 2 J  ‘~~ 
‘ ‘ ‘ ? ‘4 ~~~~~I 4 l  “ ~~~~~ 4 2 l I ’ I

~ ;~ ~; ~~~~~~~~~~~ 0 . 0 ~~ L I O 0 I J  0 1 0 0 0 0 0 0  

;~~~~~ ;, I ; : ;  • I ’ ; ; I . .  ; 
~
;;

~~; ;e ~~a ; e l a I o I ; o  0 0 ; ;
1 1 I • ‘ ‘1 ’ I 2 1 I I ~ I I~~~~’ ’ 1 ~~ 1 i ’ I ’ ’’. ;  ‘ f l ’ , ! ,I 7 1 1 , .4 lI lt ‘ ‘ I I .’ I~~Il Il Il I I h l I l 4 I2 II II ,) ’. : 4 I ’ iI III I 1 4 1 14 12 , 611  11 11 1 1 1 2  I ’ ’  1, ’I I ’  ‘ I  I N

•i l I  I I  I 11 111  I 1 : 1 1 1 7  1 1 1 1  1 7 : 1  I I I I  I 1 1 1 1 : 8 1 * 1  I I I I  I 1 1  I I I  I I I I I  1 , 7 1 7 I 7 I I I I  7 : 1 1 1  I I
~

I 7 I I I 1  7 I 7 7

7 2 1 1  1’? 7 1 2 1 l ? 7 2 7 1 1 7 7 7 7 7 7 7 1 7 7 7 7 f l  7 ?Il ~2 1 2 2 2 7 1 7 7 2 ’ ? ? 1? ? ? ? ?  I ’l l 2 2 2 1 2 2 2  l ’2 7 2 2 2 2 7 2 2  ~~ 1 2 2 2

~~~~~~~~ ~ 
1 3 3 3 1 3 1 1  3 ;3 3 1 1 3 3 3 3 2  ‘:~ 

1 3 3 3 2 3 3 3 1 : 3 2 3 2 2 1 3 3 3  3 3  3~ 3 3 I 33 ~ ~~ 3 3 ~~3 ~ 3 3 ~ 1, 1 2 3 3 3 3 1 3  1, 3 ~~~
11 4 1 1 1 4 1 1 4 1  4 4 1 1

1
11 4 4 4 4 1 1  4 4 ’l 4 4 4 4 4 4 4 4 ~ 4 4 4 4 4 4 4 4 4 4 : 4 4 4 4 4 1 8 4 1 4 ’ 4 4 4 4 4 4 4 4 4  4 4 4 4 4 4 4 4 4 4

1
4 1 4 4 4

I l i t l I l i l  I ’ 11 1 1 2 , ’I : I I I I I, .
~~

.l ,! l , .  l~~ ’ ‘ I I  I I  i.’ ? , ’ 1 I 6 ’ l I ’ , I, 4l ,, ,I 4, , , 2I , ,I l I a \ I  1 1 ’  ‘ . .l 7’ II I I, 1j Il I’ , II I II II ’i ’ ’ ’ f ’  ‘ . 1 1  ‘ l i i i

~~~~~ ~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
0~ S 5 O S 5 5 0 S O S  ~~~~~~~~~~ ~ ~~~~~~ ~ ~~~ ~ ~~~ O S S  S S S S 0 S 5  S S S S

7 6 5 6  S 6 6 6 6 6 6 6 6 6 5 0 6 0 6 6 6 6 5 6  5 :6 6 6 6  6 i ~ 6 6 6 0 : 6 6 6 6 7 0 • 6 6 6 i 6 5 6  6 6 6 6 6 6 5 6 6 6 6 6 7  6 6 6 6 6 $ 6 6 6 6 6 6 6  6 6 6 6 7 6
I MI fl.)N~ ’JF Lt A UTC)MIIT IO F’J GOM~ ’AP.1V , I I

7 7 7 1  7 1  7 1 1 1 7 1 7 1  1 7  8 1 7 1 1 1 7 1  7 7  7 1 7 7 7 7 8 1  I’ I 1 1 7 1 1 7 7 7 l 1 ’ I l l l l  1 7 7 7  7 7  7~~ 7 1 7 7 7 7  7 7  I I I  1 7 3 1 1  I I  7 7 7 7

I l l I l l I l l s  $ I II ’S lI~~8 B i l l  II I 1 8 0 I I I I I l  III l~ I I I  II III 0 8 8 8 1  1 B ~~I S I I  S 1 1 1 1 1 1 8 1 0 1 1 1 1  I I I

B B II 0 : 9 0 1 1 1 1 1 9 9  9:~ 9 9 1 2 9 9 9 2 0 2 3 1 9  ~~k 9 9 1 7 1 9 9 ?  6 ?  
~~~ 

9 9 9 3 0 9 1 1 9 9 1 3 9  9 9 9 1 9 9 1 1  9 : 9 1 0 0 9 9 9 0 9 : 9 0 1 1 !
‘ ‘ I l l  I I ’ ’ ! ’ ‘ I I . ’ ,  I ’ i ’ ’ ’  ~~~~~~~~~~~~~~~~~~ ‘ I I ’ . ‘ ‘ 22 , 11 1 I I ’ ’ ’ ’ , ‘ . ‘ ‘ .I I .3 4 £ 4 1 1 1 .  2 ‘ 4  I I I ’
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2.1.4.11 Type 12 — Heat Exchanger or Radia tor

Hydraulic
Junction 1 Fluid Flow

Size Size 2

\~~~~~~~~~~Junction 2

Cooling Fluid Flow

Size 1 and Size 2
Option I Fitting End or Boss for Tube Size in l6ths of an in .)

Example: 4 = 1/4 in.
or

Option 2 tActual Fitting or Boss 1.0. in in.)
Exam ple: 0.172 in.

GPI4 0772 I?

ELEMENT TYPE 12- HEAT EXCHANGER OR RADIATO R

A hea t exchanger is used to remove excess heat from the hydraul ic  f l u i d .

The common type  used in a i r c r a f t  uses the eng ine fuel  as a heat sink ; however

some usage is made of air  as a cool ing fluid .

One card is required for heat exchanger input data. Junction 1 is norm all y

the inlet port and junction 2 the o u t l e t  p o r t .  Sizes 1 and 2 correspond with

opt ions  noted . A rat ed flow and a ra ted  pressure drop are input along with

the fluid viscosity for the rated conditions .
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CARD FORMAT

(‘ C’ ‘~~~‘~~ ‘
. ~~( ‘i’~~ ’P  T 1 ‘‘1~ ~~I’  . 1 j O

I Ii (NUMBER OF CARDS ) 1

2— 9 B LANK

(ELEMENT TYPE) 12.

l?-2~i 
r’0 3 JUNCTION 1

25-32 F’~ .3  JUNCTION 2

33—4C TI’.) SIZE 1 IN. (See Options)

SIZE 2 IN.  (See Opt ions)

RATED FLO W GPM

57— 6’~ 19 .3 RATED PRESSURE DROP PSI

65— 72 FP .3 RATED VISCO SITY CENTISTOKES

73-~ () B LANK

EXAMPLE

TYPE 12 HEAT EXCHAN GER OR RADIATOR INPUT DATA

I I , 4 ”I ’ ’I’ I~~ ~~. 4 “1~~ I I . Ii . ,

I I ’  ~I •. I. I ! / 1 / . .I~~~~’~~~ ‘ ‘ I  .4~~~~~~~~~~~ . f l . ’  
~~~~~~

, . . - , 1 ,’ .,

0 2 9 0 2 1 2  2 3 1  u Y ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

u I I ; I : I I u I ~~~~I I I . I I l I l h I I I i I I I I I l ll I I : I I I I I 7 I I ; I I l I I ~I l I l II I I I~I II I,I 7 I I I I I I I I I I I

2 2
’
? ?  2 • ‘ 2 2 2  2 2  . 7 1  2

~
2 1 2 1  2 : 2 3 7 1 2 7 1 1 ?  2 2  2 2 2 2 2 7 2 2 7 2 2 2 2  2 1 2  2 2 2 1 , 2 2 2  2 2 3 2 2 7 2 2 2 7 2 2 2 2 1 2 2 2 2 1 7 7

3 2 3  2 2 ~ 3 II • U 3 )  Ii 3 3 3 3 8 3  I2~I 3 3  I);3 3 3 3  1 33  3 )  3 3  i~I 3 1 3 3 3 3 3  l~ 3~~3 6 : 1 ‘~ 3 3 3 1  ~~

4 I~~~4 4 ~~~~~~ I : 4 4 ’ I . :  1 4 4 4 4  4 4 4 1 d ~~~4 I 4 1 t ~~~4 1 4 4 1 4 I 4 4 ~~~4 4 4 4 4 . ~ / 7 I 4 ,I 4 1 4 ~~
’ I 4 4 ~~~4~~~ ~~~~~~~~~~

~ 5 ~ S 2 I~1 , J I~ I’~ ~~ s s s  s~ s s ~ s s s i -  ~ ~ ~ 
s s ~

1 5 1  L L  . 0~~ £ 0  t ’ 6 6 5 0 b 1 , £~~6 G  6 6 2 1 2 5 1 0  & 6 6 6 6 6 . I G 6 S S o b b 6 L L  I ~~5 1  0 6 0 6 6 ’ 6 & 6  6 6 6 6 1 1 0 0 0  0 6 6 6 6 6 6 6
‘4( ~~~~ .‘ ‘ d P ~~i U t  A L I 7 O MI~~7 f / ) N  ~~~~~~~~~~ I

i 1 7  1 , 2 I I I I  1 1 1 , 1 1  7 ‘ I ,, ’ I I I I I  I I I  ‘I I l l  I I  I l l  IJ I I I I  I~~ I I  I ~I I 1 1 1 I I I  7 1 1 1 1  I l  I I I I  I 7 1 8 7 1  7 7 7

8 0 5 5 5  I 8 . o l  .10 C 8 5 8 8 1 8 0  9 1 8 3 8 1 8 5 1 1 9 6 8 0 8 1 9 8  8 0 8  •1L4 0 0 8 8 8 1 8 0 3  8 5 0 5  8 6 5 6

9 1 3 ) 9  i i i S 6 9 9 0 9 9 9 : 3 3 9 9  9 I~ I ‘ 4 : 2  J 3 6 3 3 9 9  i 2 4  9 1 9  ‘J~ 0 9 9 9 12 S 11 9~6 9 9 1 1
‘ I .  . I ‘ I I I I  ‘ 2 2 , , ‘I I ,I l .7 1I 11 1, ’ l 1  I. ‘ II , , . ’ ‘ 2 ’ . , , ‘ . , ‘ . , , ‘ . , I ,I I’ I
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2.1.4.12 Type 21 — 45° Elbow

Size 1

Junc tion 1 
Size 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in l6ths of an in,)
Example: 8 B/ 16 in.)

or
Option 2 (Actual Fitting or Boss 1 .0.)

Examp le: 0.391 in.

GP74 07 72  25

ELEM ENT TYPE 21 - 450 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 in te rna l ly  or external ly 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 diam e ters a t each end (see

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

- 
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CARD FORMAT

t ’C~ ’” T ~~ T~. T”’ i

‘1 P (NUMBER OF CARDS) 1

2—8 7X BLANK

9—16 ~F .3 (ELEMENT TYPE) 21.

l7-2~ ~~.3 ~ JNCT I0N 1

25-32 F ° .3 JUNCTION 2

33_&LC ~~.3 SIZE 1 IN.  (See O p t i o n s )

14 l ...L~8 ~~.3 SIZE 2 IN.  (See Op t i o n s )

49—80 BLANK

EX AMPLE

_____ 
TYPE 21 45 0 ELBOW DATA INPUT

21. 
-— 

8t). P’5~ 
‘

‘ ‘  ‘ I ‘ 4 11 I , 4 1 1 ’ 1 1 ’ 2 ’ . I I C? ’ I! ’ I1 ’I I I • ,2 .4 I’, f l l’ . 4 I 4 , . 1 4 2 . 1 2 , 2 ’ 4 6 4 ’f l e 4 I 2 ( 1 1 1 ’ 2 t 1 54 7 3 f 4 51 21 24 2., 4 I I ’ & ’ ’ .

0 3 0 0 3  0 ~~ 0 0 )  0 0  0
~.D 0 0 0 0 0 0 0  0 0 0 0 9 8 0 0  0~0 0 0 0 0 0 ;  8 0  0~3 0 2 0 0 0 0 0 0  0~O O  0 0 0 0 0 3  o~~

b o 2 0 0 5 8  8 0 0
I I I?  I . ‘ I  I . 0 ‘, ‘ ‘ ‘ I 7 2 ~~ , ‘ I ‘ ‘ I ‘I , ‘ J ’’ 12 II I ‘ , ,  £ I l I p  ~~21 I ’  2 2 4 1 , 4 11 ,1 2 1  I I I  , ~ 21 I’ I 24 Y II II I, I 4’ tI ll 4 ,  4 , I ’ II II ‘I II I I I, , ,, ,, I ‘2 I.

• 7  I I I  I I I I I I I I  I I I I  I I I I  I 1 1 4 1 7 1 1 1 1 : 1  I I I  1 1 1 1  I 1:1 I I I  I~ I I I I I I  I I I  I 1 1 1 7 1 : 7  1 1 1 7 7 1 1 1 1 , 7 1 7 1 1

1?2 ~~2 u 2 2 2 ~, 2 1 2 1 1 2 1 2 2 1 2 2 ? ? : ? 7 2 f l , 2 2 7 2 1 2 2 2 ? 7 7 2 2 1 1 1 2 7 2 ~1 1 2 2 7 2 7 2 n 7 2 2 p , 7 2 2 2 ? 7 ? 2 1 H 2 , 2 7

3 3 3 3 3  3~~ 3 3  ~ 3 3 1 3 3 1 3 3 3 3 3 1 3 3 3 3 3 3  3 I~3 3 3 3 0 : 3 3 1 3 3 3 1 3 3 1 1 3 3 3 3 3 3 1 3  3 3  3 3 3 3 1 6 3 3  3~3 3 3 3 3 3 3 3 3 3 , 3 3 3 3 3

4 4 1 4 1  8 1 1 4  i : t  1 4  4 1 1 1 4 4 4 8 4 4 4 4 : 1 1 4 4  4~ 4 4 4 4 4 : 4 4 4 4 4 4 4 4 4 4 : 4 4 4 4 4  4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 4  4 4 4 4 4 1  4 4 4 4 4 4 4 4
1 7 1 1  4 ‘ I I  1 ‘ 11 14 10 . I ’ ’ I ’ 2 i ,  1 2 1 1 ,1 l I l iu I t i l l ‘l ’ ’I II JI ” II II I I I I I I . 1 1 1 1 i ll I 12 II I II , ,. II I I I I. I l l I i ll l , 14 1 Il O lt I l li ll ‘2 . 1 1 1 1 1 1

S O S  5 3 5  5 3 5  ~ S 5 5 5 5  5 5  • s s s s  o s  s o  s s  °:~ 
s s s  

~~

6 6 6 6 0 5 6  C l  6 4 6 £  S 6 6 6  6 6 6 6 1 6 6  3 6  S I l t  5 0 6 6 8 6  ~ $ I 8 5 6 6 6  It 15 b t 3 i b b t 6 O l G 5 S 6 5 I  6 6  6 6 6 6 , 6 6 6 6  
~ I

5 0 6 6
MCQQNNCLL 4 I J T O MA T , C mI COMPANV

7 7 7 I  1 7 7 1 7  7~I 7 7 1 7 : 7 7 1  1 1 7 1 7 7 : 1 1 7 7  7 7 1 1 7 7 : 7 7 7 7  ~~~~~~ 
~:‘ I I I  l~ ? 1 7 7 8 : 8 7 7 7 1 1 7 7 7  7 7  7 7 1  7~ 7 1 7 1 7 : 1 7 7 7 1

8 0 3  
~~ 

8 8  C ’ i 8 1 0 0 0 0 8 $  0 1 8 0 8 8 0 1 8 1 ,  5 l o 5 8 8 1 8 0 1 0 0 5  i i i I 8 3 0 0 8 8 0 8 0  C $ B l 0 0 0 0 I $ 0 0 0  8 0 0 1 0 8 0 5 0 1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
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2 . 1 .4 .13  Type 2 2  — 90° E].bov
Size 1

Junction

Junction 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for Tube Size in l6ths of an in.)
Example: 8 = 8/ 16 in.

or
Option 2 ( Actual Fitting or Boss 1.0.)

Example: 0,391 in.
0P74 0 7 7 2 7 7

ELEMENT TYPE 22 . 900 ELBOW

The 900 elbow is a connector coirinonly used to change the pip ing run

direction in a minimum distance. It may be a threaded or permanent type

where the ends may be in ternally 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 FORMA T

‘“

1 11 (NU MBER OF CARDS) 1

2-~ 7X B LANK

9— 16 ~9 .3 (ELEM ENT TYPE) 22.  
________________

~~
‘. 3 JUNCTION 1

25— 32 F9 .3 JUNCT iON 2

33-~tC 
‘<~ 3 SIZE 1 IN. (See Options )

SIZE 2 TN . (See Options)

L~9...8o BLANK

EXAMPLE

TYPE 22 90° ELBOW INPU T DATA
1 

- 

~2. 13 .  20 .  
— 

12. 12. 
—

1 1 . - , . ? ,  I 4 . . ’ I ’.  1 ) 1 r I  I I’ . f l ’l ‘ “ ‘  I41 ’ ’ 4 1 4 f l 4 1 1  . I . I l .’ . . l . . 7 l 4 4 I 4 I l 1 ’~2 S ’ ,, ’ I ’ l S ’. ’7 .F ’4 , ’ , 4 , ’ 1 1 1 7 t 0 4 4

0 0 0 0 4 0 0 2 ; ; C O  0 0 0 0 0  0~~•D 0 0 0 0  ~~~ ~
‘
~
1;’
~ 7 ~ o

’
o 

~~~~~~~~ ; 2 , ’• 

~

I ’

~~~

1 l

~~~~

’ 4  

~~ ~;; ; ~ 
‘;.;;~

‘;
~; 

i, 
-

£ 1 1 1 7  l I i l ’ , l l l I 1 , 1 1 ,1 4 7 1 1 ! ’  UI ) l, il lI lI 4I Ii l ’ 0 0 1~~~~ 11 1 1 1 2 1 1 1 4. 21 11 1 . 1 ‘ l I 4 I I~~~~1 l ’ 4 i o ; 4 l 4 ’ I , I ’ I 1 ’ ’ l n l ., ’4 lI I ’t fl

II I I I ’ ? I I  I 
II 

I I  I I I I IiI ! I I  1 ; I I I I I~ I I I  I 1 : 1 1 1  I I  I I I • ~:‘ 
I I  I I I l l  I 1 : 1  I I I I I  I I  I 1: 1 I I I I  I I I I I I I

2 2 2 2 2 7 2 2 2 2  l Iz  2 7 2 2 2 7  2~? 2 2 2  2~2 2 ~ 2 2~? 2 2 2  1~2 1 2 2 2 7 2 2 2  2 2 2 2 2 2 7 1 2 2 2 : 2 2 2 2 2 , 2 7 2 2 2 : 2 2 1 1 1 2 2 2 2  l;t 2 2 2 2

~~~~ ~~ 
3 3 3 f l 1 1 3  ~ 1 3 3 3 3 3 3 13 

~~~ 
3 3 1 3 3 3 3 3 ) 3 1 3 3 3 3 3 3 3 : 1 3 3 3 3 3 3 1 3 3 : 3 3 3 3  3~3 6 3 3 3 : 3 3 3 3 3 1 1 3 3  3,3 fl~~~

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4  4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 4 4 4 4 4 : 4 4 4 4 4 4 4 4 4 4 , 4 4 4 4  4~4 4 4 4 4 , 4 4 4 4 4 4 4 4 4 4 : 4 1 4 4 4
I I I I  I I I 

~I 
‘ 1 7 1 )  I ‘I II ‘ I  I 1 1 1 1 7 4  

~~ 
I I I  ‘7 11 .1 1) 11 14 II ’ o i l  II 11 01 1) 11 11 1 : 1  l , I I, II II 11 4 . 1 : 2 4  ‘I ‘.0 . 1 1 4

1
4 I’ Il ll 01:1 4 4 ’  ~ n I 1 11 11 11 ‘4 II II ‘I II

5 5 5 5 5 , 5 5 2 1 9 5 3 5 5 9 : S S S S S S J S S S : 5 5 5 5 5 5 5 5 5 3 3 5 5 5 5 5 5 5 5 5 : 5 3 0 5 5 5 5 5 3 5 5 5 5 3 3 5 5 5 5 5 5 5 5 5 5 5 5 0 : 3 S 5 5 oI i I , I I I

6 0 6 5 6 6  6 5 6 S 6 6 G 5 6 1 6 5 6 6 6 6 6 6 6 6 I 6 6 6 6 6 0 6 6 6 6 ,  6 6 6 6 5 5 6 6 6 ’ S  6 5 6 6 6 6 6 6 5 1 6 6 6 6 6 6 6 6 6 6 1 5 6 6 6 5 6 6 6 6 6 1 6 6 6 6 6
MCDONNELL AUTOMATION :OMPANY : : : :

1 7 7 7 1 : 1 7 7 7 7 1  1 1 7 7 1 1 7 6 7 7 7 7 7  

~ 
7 7 7 7 7 7 7 1 1

1
1 1 7 7 7  1 1 7 7  7 :1 7 7 7 7 7 8 7 1 1 : 1 1 I I  1 1 1 7 1 7 1 7 9  7 7 1 1 7 1 7 : 7 7 7 1 1  

~~~~

so o o o o o o o a j l e  0 3  o o o o o s l s  so its lo 8 0 8 5  0 1$ C I I  I I  s I s 8 8 0 8 8 5 0 1 0 0 8 8 5 5 0 5 8 8 $  8 0 1 0 1 1 1 $  0 0  ~~~~
0 1 9 1 0 8 0 3 9 1 1 1 0 9 1 , 9 1 9 3 9 9 9 9 9  9~9 1 9 1 9 1 9 9 9 9  . 1 1 9 9 9 5 9 9 9 1 9 9 0 9 9 ’ 1 9 9 9 9 , 9 1 9 1  0 1 3 9 9 0 9 ,1 9 I I 9 9 I 1 9  II 1 9 9 1

1 7 0 1 1 1 1  I .  l l l ~~7 4 I • ’ ’ ’ . ‘ I , ’ . .I I f I !  I~~ ’ I l ’ ’ l ’ I , l ’ l I ’ ’ ’ I l ’ I I I I l, 4 l l , , , ll ll 1 I 1 1 I 4 ,l)I II II II I ’ l l I I It l I I l tI it 1I l, I 1 1 1 7 11 1  S I N
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1 .1.4.14 Type 23 — Reducer

Junction 1 2

S6ze 1 and Size 2
Option 1 (Fitting End or Boss for Tube Size in l6ths of an in.)

Example: Size 1 = 8 = 8/16 in ,
Size 2 = 10 = 10/ 16 in.

or
Option 2 (Fitting End or Boss 1.0.)

Example: Size 1 0.391 in.
Size 2 = 0.484 in.

GP74 ,0272 76

ELEMENT TYPE 23- REDUCER

The reducer fitting is commonly used to connect a tube or fitting to a

different size fitting, tube or component po r t .  These are coninonly a threaded

type.

One data card is required fo r  input da ta .  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 ref lec t the internal diame ters a t ea ch

end . This f i t t i n g  could also be an adapater  which changes from an external

t h r e a d  at one end to an internal  thread at the o ther .  See the above sketch

fo r  Size 1 and Size 2 op t ions .

2—51



CARD FORMAT

cC L1~ ’~ . ~
‘ ‘ ,‘ , ‘ °  

~~I~ T~’ 
r T ” . ’

1 1’ ( NUMBER OF CARDS) 1

2—9 7X BLANK

9—16 F~ .3 (ELEMENT TYPE) 23.

l7-2~ ~~.3 JUNCTION 1

25— 32 ~‘° .3 JUNCTION 2

3 3 1 4 C ~~~ SIZE 1 I N .  (See Options)

SIZE 2 IN. (See Options)

49—80 BL ANK

EX AMPLE

TYPE 23 REDUCER INPUT DATA

~ ~

. I I , ~ ‘ 1 . I • I ~

I I I i! ,, I ’ l l  1 1 . 1 1 , 4 1 !  ‘ I I l’ ’ l~~~~~l , . .  ‘ , Ib l l, _ . l, ‘ 1, , 1 ~~ 4 I , - 4 ’ ’ 4~~~, .  ‘

I C 3 9 3 0  J “ . C C L  C II C 10  [I~ 02 6 1) 6 2 1 0 0 3 0 0  C~3 0 0 9 0 3  U 3 2 0 1 4 0 0 0 0  C 0 0 0  3~) 1 0 0  10 0 0 0  C~ 0 0 0 0 0 3 0 3 0
4 7 ‘ ‘ I  741 ‘ II ’ , ‘ , ‘, ‘ ,I 7 . .’ 1 , I I. 1 1 . 7 1 ’ , Ii I’ , - I ’ l’ ’ , l . l l  41 ,14 • l ~~ I I ’  I ‘ ‘ ‘ ‘ I

1 ) 1 ) 1 3  ~I 1 1 1 1 1 1 1 1  1 1 1 ) 1 , 1 1 1 1 1 1 1 1 1  I I I ) )  I 1 1 1 , 1 ) 1 1  I l l )  I’ l l I I I I I )  I I I H  I 1 1 1 1  I l l )

j ] 3 1 3 , 4 b . I I 3 3 i 3 3 3 J 3 l 6 3 j 3 f l 3 I 3 ; ; 3 3 3 3 I 3~~3 3 3 J I 1 3 j f l ) 3 : , J 3 3 : b 3 3 3 j , J 3 3 1 C ) 3 J 6 1 ) : 3 3 n 3 C 3 :

4 1 1 1 4 4  4 :  : 1 4  4 4 :  1 4 4 4 • 1 1 1 ~~1 4 1 4  ~.i 4 4 4  I 4 4 1  1 4 4  ~~ 4 4  1 1 4 4  4 I~ 4 4 4  1 1 1 4 4  1 1  1 4 3  4 4 4 4 4
I ‘ I I I

6 5 0 1 6 1 1 . 1 6 6 6  6 6 6  L b [ 0 6 6 1 4 5 1  n) 5  C 6 6 C G 6 6 6 6 ’~~i 6 0 1 [ G o 6 1
1
1 6 6  ~~ (t 1 1 0 : 4 6 6  & ~ 6 2 0 0 0 6 6 1 1

M C D  ~f ’v~ ’J E L  t A l ’  r l , ’ . q i  r , c) ,~., 4~~ fl~~ f f l ~ ‘ I I

1 1 1 1  7 , ’ 1 )  1 S h I l l  I~ 
I I l l : I ! I l I 1 1 I  1 i l l  I I I 1 7  I~ I 1 I , 1 I I  I I  I I  h I l l ’ )  1 1 7 7

1
1 I I I  I ’ ?  I I I

a a c ~ s o  l3 a C s  8 00 I~ oo 88 l ee 8 0 0  t~ 5 8 8 7 4  I so 0 9  1 8 8 2 1  80 8 1 1 0 6 1 0 4 5 1 1  J O  I 0 8 8 8 8 8  8 0 5

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ 9~~~~
’ I 1 9 ~~~~ 9

’
~~~~~ 3 g ~~~~ 9 3 H o l q 9~~~~ 9 g
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2.1.4.15 Type 24 — Tee

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
3

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 l6ths of an in.)
Example: 8 = 8/ 16 in.

or
Option 2 (Actual Fitting or Boss 1.0.)

Example: 0.391 in.
,, P ’ 4  0’ 12 III

EL EME NT TYPE 24 - TEE

The tee is a connector commonly used to connect three elements which may

be a combination o~ tubes , f i t t i n g s  or components . These are e ithe r  a threaded

or permanent type. ~he branch is considered to be at a 900 ang le to the run .

One data card is required for input. Junction point numbers are the

assigned numbers f rom the block diagram (Example: 35., 45. , and 4 0 . ) .  I t

should be noted that j u n c t i o n  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 d i f f e r e n t  and the ends int e rna l ly or

e x t e r n a l ly threaded . See the  above sketch fo r  size opt ions .
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CARD FORMAT

2, , , ! .. ~
‘ l ! ’ b O T  T’1.7 Tt,

1 11 (NUMBE R OF CARDS) 1 —— — 
—

2—9 7X BLA NK

9—16 ~~~ (ELEMENT TYPE) 2 4 .

l7~ 210 
~~~ . 3 JUNCTION 1

25--32 F9 .3 111N~’T]1ON 2

33.J4C ~‘ .3 r1:.(’ I ON 3

24_ L4.° r.’P~~3 SIZE 1 TN. (31 k...’ O p t i on s)

SIZE 2 IN. (See Options)

57~6~4 ~~~~~~ SIZE ‘3 IN. (See Options)

65—80 BLANK

EX AMPLE

TYPE 24 TEE INPUT DATA
1 ?4 . 3J. 45. 40.  i2 .  4.

I ~~~‘ . ~ .4 I 7 f l l ,~, t ’ ?l ’ l . 1 123 2 , ‘ ? D ’’ 5 I I~~ 4 a 9 f l ’ ’ ! 6 l1.l 4 4 : 4 4 4 . 1 0 ’ 0 4 ~~~I~~~l t  I~~l ’ , 4 t ’ . f l~~’ ’A I I, , 0 4 ( 1 6 4

0 a C  1 0 0 9 0 0 0 0 0  l O O t  3 3 0 0  3 0 0 0 2  ~ a o ~ o 0 0 1 0 0 0 0 0  0 C 0 2 0  1
1
0 Q  0 0 P 0 0 0 0  0 0 0 0 3 0 0 0 0

I ‘ 0 I 0 - ‘ I I ‘1 , 4 I I I I~~ J~~4 ’ ’ ~ II I ‘1 ‘ ‘ II it 1~ I . .0 1 4 ’ ’  41 01 ,4 1 - II ‘2 ‘0 1! 1 . 4 2 2 1  II , ,. II IS .‘ 
~2 ’ Cl, II I . I U II . ‘2 ‘t II 4 1 I II ‘I ‘I II

I I I I ’ l I I I I I I I  I I  I : I I I I I I I I I I I I I I  I I I I I I 1 1 1 : 1 1 I I I I I I I I I  I I  I I I I I I I I  I I I I  I I I  I 1 ’ )  1 1 1 1

7 2 0 2 2 7 2 : 2 2 1 2 1 7 2 2 2 2 1  7~1 2 2 2 2 3 7 7 2 2 7 2 7 2 2 ?  2 2 1 7 2 7 2  2 1? 2 2 2 2 2 2 2 2 2 2 2 2 2 2 ’  1 1 1 7 2 2 2 3 2 2 2 2 2 2 2 2 2 2 2

3 2 3 ’ 3 3 1 ’  3 1 3 3 1 3 3 3 3 1 3  3~
l) 1 3 3 3 3 3 3 1 3 3 3 3 3 1 3 1 1 3 3 3 3 3 3 1 3 3 3 3 3 3 3 1 3 : 3 3 3 3 3 1 ) 3 3 3 3 3 3 3  3~1 3 3 3 3 3 3 3 3 1

4 I 4 
~~H 1 4  4 1  11  4 1 4  4 1 4  If 

~~ ~~~ ~
‘I ~H 1 4 4  4 1 4 4 1  4~ 4 4 14 4 , 1 4 4 4  4 , 4 1 4 4  4 4 1  1, 1 4 4 4 4 4 4 4 4

1 2 1 1 , 1 2  
I 0 1 , 4 II I I . , 71 II 4 l ,~ • I~~I , i  U 7 I . II ‘~ ‘

. ( ‘ 0 , 4 1 I ‘I I 4~ 0 . 4 . , 0 II ‘I ‘ 7 4 1 0  4 i l l ’  I I I I  II I , 4 ‘1 , 7 I I  I I I I

3 5 6 0  [0 1 6 3 6 6 6 3  C 0 6 6 8  [.6 6 6 6  6 6 6 6 8 6 , 5 6 6 6  ~ 3 5 6 6 6 6 0 6 6  8 6 6  L 1 6 6 6  G I G 4 6 6 5  2 6 6 0  b ’S 0 6 0 6 6 5 6 5 8 6 6 6 6 6
I MC: i’.’L.1NN ~~LL A UT Q M 4 T IOf t J  I 2 ’~ 4l 7 I ., •S J \  :

7 1 7  I 3 ’ I I I  I I  1 I 1 7 1 7 7 6 I 7 1 1 7  I t  I l l  7 1  1 1 1 1 : 1 1 7 1  I I  I I I  I’I 1 1 1 1 1  7 1 7 1 1 7 7 1 1 7 1 1 1 ) 1  1 1 1 7 1 1 7 1 7 7 1 1 0 1

80! 8 0 2  4 P 3 0 1 0 0 : 1 8 0 0 8
1
8 8  Ia o~a 0 0 8 1 8 0 0 8 : 3 8 1 1 0

1
3 8 0 8  ~Io 0 0 0 0 8 8 1 8

’
! 8 3 c I I Coo ~ 8 0 3 3 , 7 8 3  

~~ 
9 8 0 0

9 9 0 9 9 ~ )~ 9 9 H 9 9 9 9 1  9~~~~~ g g q o q q g g 3 ~ 9 3 9 S 9 9 ’ ’
9~~~~~~~~~H 9 9
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2.1.4.16 ~yp~ 25 — Cr oss

Junction 2

(Always Opposite 
~~~~~~~~~~~~~~~~~~~ 

ii
i ~~~~~~~~ _~~~~~~~~~~~~~~~~~~ a~~~~ ppoSi te

Size l , Size 2,Size 3 and Size 4

Option 1 (Fitting End for  Tube Size in l6ths of an in.) 1
Example ; 4 = 0.1 72 1.0.

or
Option 2 (Actual Fitting ID.  at End for Size 1 and Size 2)

Example ; 0.172 ~~. Size 4

Junc tion 4
0P14 - 0712 11

ELEMENT TYPE 25 - CROSS

The cross f i t t i ng is used spar ingly in h y d r a u l i c  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

ass i gned numbers f rom the block diagram (Example :  920. , 9 2 3 . ,  9 3 0 . ,  and 935.).

Note tha t j u n c t i o n  po in t  3 is considered to be opposi te  lu n c t i o n  1 and the

J l i n c t i o n  p o i n t  and s ize d a t a  have to  be input in the correct order. The sizes

can be d i f f e r e n t  and the  ends i n t e r n a l l y  or ex te rna l ly  th readed . See the

abov e sketch fo r  s i ze  options and j unc t i on  point  number ing .
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CARD FUR,NA.

:.~ II”’’ 1 ‘‘‘ ~‘ ‘ ‘  
~
‘

1. (NUMBER OF CARDS) 1

BLANK

9— lt 1.8 .3 (J:I.UN1:NT TYPE) 25.

~~NCTIO N 1 _

25—32 i~°.3 
JUNCTION 2

33_ 1~~ 3 .fl ’NCTI ( IN ‘3

~~~ . 3 .fl’NCTION 4

-~~~ ~~.1 SiZE 3 IN. (See Options)

SIZE 2 iN. (See Options)

(
~~ 72 —_~ .3 SIZE. 3 I N .  (See Op t i o n s ) ~

73— 90 i~~.3 S I Z E  4 i N .  (See Op t i o n s )~

EXAMPLE

TYPE 25 CROSS INPUT DATA

.1’~~~~ 
, .

~~ ‘~ I.’, -. . . • 3 . 
-

I I I I~~~ I ” ’ - ’ I ’ . ’ I ~~~~~”I’ I

- 7 ~ C 4 2 C C  (03 32 . c
~~ 

6 3 9  b 3~ i~ 0 0 0  
~ 

U C 0 3 1 3 3 0 4  [0 0 0 7  2 2 0 1 1 2 2 2  - 0 2 0 3 0 0 1 2 0 0 0  3~0 0 0 3 0 0 0 0 0 0
‘ I  , I ( ‘ ‘ i ’ ,

~~~~~
4 , • . l , l l  . . . . 1 1 1 0 0  1 , 1 1 4 1 0 - ‘I - , I I I

I I ‘ I I I ‘ I ; I I I I I I ‘ , : I I I I . I I I I 1 i  I I I I I I I I I I I  I I I I I  I I I I I I I I I I I I I II I I I I I  I 1 I

2 2 l : ? 7 ? ~~ 7 H I 2 I  2. , ? I l2 ~~. l 2 7 / 2 z 2 2 , l 2 7 2 1 ’ 2 1 2 7 H 2 2 2 ? 2 7 2 2 ’ 2 1 2 ? 1 2 27 ’2 2 1 ~~~2 2 2 2 ~

1 3 3 3 3 3 3 .  3 , 4 3 4 1 1 . 3 t~~ 3 1 ) 3 ) 1 1 1  H I ~~ In 1 1 1 3 3 1 3 1 1 3 3 3 3 1  1I~ 3 3  3 1 1 1 - 3 3 3 3 .

1 4 4 4 4  4 4 4  
~~~ 

1 4  l i i i  4 4 :  
‘I 

1 1 4 4 4 4 4 4  4~~ ~~~~~ ~~~~~ ~~~~~ ~ “4  4~~ ‘ 4 4  ~~~ 4 4  ~~ ~~4 4 4 ~~~4 1 4 1 1 ’

‘. I I 3 1 4 S ~~~~~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

0 0 1  1 0 6 0 1 6  0~ 6 6 5  H 1, [6 [‘ 6 1 0  1 6  ~ ~ 6 6 1 6 5
1
3 0 6 5  6 0 0 6  3 6 6  GiS 0 6 3 1 ’  0 6 5 5 1 6 3 1 6 0 6 5 5 6 0

- 1 , 1 1  ( .. • I ~~I 1 J ,  I I  A I , T ( , ’~’ . ir  I , d ’ .I I ’ A .  , I

1 7 I ‘ ; I I ‘ ‘ I I ‘I I I I ‘ I I I I I  I I I 1
)

1 I I I I l ’ ’ ’  I 1 I j i ;  I I I I I I ‘ 4 I I I t , : I I I ‘ I 1 I ‘ I I ‘ ‘ ‘ ‘  7 I

0 I ! t l I $ 8 8 i l 9 ~~8 1 . I l ; I  C 0 I 4 4 8 8 I I a I 8 4 8 ~~l 7 3 I 3 e 0 4 8 7 I 0 0 0 1 I 4 H 4 3 a 4 I 0 1 3 6 t 8 0 I . 0 t 8 3 ’

-l H i  , - . 1 I . I . i 
‘ , I ‘

~ i I ‘ .~ I 1 J I ’ !  - I , 4 ‘ 3 3 ’ 
I I ~~ 4.9 O I I  I
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2 .1 .4 . 17  Type 31 — 1 Way Restrictor

Juncti on 1
IA (ways ‘‘ In ’’ Port

Restricted Flow Di re:t::n)

.II

~~~~~~~~~~~~~~~~~ 

~~~~

‘ : i  ::::°° 
2

Size 1 and Size 2
Option 1 (Fitting End or Boss for Tube Size In l6ths of an in .)

Example; 8 = 8/16 in. )
or

Option 2 (Actual Fitting or Boss ID .)
Example: 0.391 in.

O P- a  Ii ’ ’ .

ELEMENT TYPE 31 - ONE WAY RESTRICTOR

The 1 way restrictor restricts flow in one direction and allows free flow

in the other d i r e c t i o n . The o r i f i ce  flow is a function of orifice size , Reynolds

number  and the c o e f f i c i e n t  of discharge .

One ca rd is requi red  fo r  input da t a .  J u n c t i o n  1 a lways s t a r t s  at the

r e s t r i c t e d  por t  for  f low in the restricted direction . Size 1 and Size 2

correspond to junction 1 and junction 2 with opt ions  as noted . The o r i f i c e

d iame te r  is inpu t  along w i t h  a c o e f f i c i e n t  of d i s c h a r g e . I f  the coeffici ent

of d i s c h a r g e  is not input , the element mode l will select one.
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CARD 1 FORMAT 
_____________ ______________-

~~~~~

COl UMN S , FORMAT DATA 
— 

D IMENSIONS

1 11 (NUMBER OF CARD S ) 2 ——
0 “ BLANK -—

‘3-iC ~ . 3 31. (EL~~ ENT TYPE ) ——

l7~~2 1  2~~ ’ •3 JUNCTION 1 ——

T~° .) JUNCTION 2 ——

~~.3 SIZE 1 IN. (SEE OPTIONS )

7 SIZE 2 IN.(SEE OPTIONS )

0 ~ ORIFICE DIA OR IN OR PSI
_______ ____ __________ RATED DP (RESTRICTED) -

I ~
, DISCHARGE COEF OR —— OR C~ \

_____ ___________ ~~~~~~~ (RESTRICTED ) 
-—

I r~ •- ‘ -) FRE E FLOW CRACKING PSI
_____ ________ 

PRESSURE (OPTIONAL) 
_______

I P F.F .  RATED DP
I . . (OPTIONAL)

CARD 2 FORMA T

1 0 ’1~~ ‘ • ‘ o ’ ’ 1 8 2

1—8 F8 .3 ‘ GPM
____________ ___________ 

(OPT IONAL)

9—80 F8.3 BLANK ——
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EXAMPLE

‘O’YPE .31 1 WAY RESTRICTOR iNPUT DATA

2 DATA CARD S REQUIRED

CARD 1
/~ 

. I . ‘3 • i3~ ‘~~~. — . . I ~
‘ 

• I • 

J ’ 4 ’ *  .j~~. z t ni. ~~~~~~~~~~~~~~~~~~~ 401 ~ J . 4  .4 .4 .11.1.. I
, ?O l, t1 1, ,, lS S ,, :. 1,~~~ 1’ 11 10 1* 1 4 * ’  1* 4, .., _ . , * ,; ,1 ,.

6 1 0 1 5 . 1 1 1  0 0 0  0 0  0 0 0 0 0 3 0 0 1 0 1 1 S 1  S 1 1 0 1 1 1 0 0 1 1 1  S I S I I I  0 1 1 IS 0 l ’ S 1 0 5 0 S S 0 0 9 0 I 3 0  III ~ ~‘ 4 4  S I  I ’  ~~ i l ’ I ’ ’ S I I ~ “ ‘ ‘ 0 ’I,~~~ll ? S 1 I l I i7 l’ MI 11 4 i I J 1 1 4* I4F l i 1 1 0i 4 S l 4t 0V :S4’ ,i I J a l i , I1 1 1 ’I 7 1111 4. 4 1 4 ( ( I M I  M S * ’l ’ ’ ’ ’ 7 ’4 ’ i I IS 1 l l S ~~
1 I I I  I I I I I I 

~~
I I I I I I I  I II I I I I i  I I I I t  I I I I I I I I I 1  I I I !  I I III I I I 1 4 1 I I I I I I t~~~I 1  I I I I~I I I I I

• 3 0 7 7 2 7 2 : 1 2  7 7  7 7 7 1 7  2~2 7 2 2 2 7 7 2 7 1 2 2 2 2 7 2 2 1 2 2 7 2 2 2  7 : 2  2 2 2 2 2 2 7 2 2 : 7 ; 2 2 ? 1 1 7 2 2 2 2 2 2  212 2 2 2  2 2 ~~ 2 2 2

6 3 3 1 1 3 3 3 3 3  I~1~ 
3 3  3~3 1 2 1 3 2 3 1 3 ) 6 1 1 )  3 , ) 3 3 3  ~~~~~ 3 3  3 I~ 3 3 3  

~~~ 
i : 3 )  

~~ 
3~~~ 3 3 3  

~~~ 
i,3 fl

~~~
1 4 4 4 I 4 4 4 4 ~4 4 4 4 4 4 4 4 4  4 1 4  4 4 4 4 , 4 4 4 4  4~ 4 4 4 4 4 4 4 4 4 4

4
4 4 4 4 4 4 4 4 4 4 4 4 4 4  4 4 4 4 8 4 4 4 4 4 1  8 4 4

1
4 4 4 4  4 4  4 1

0 1 I I ’  i . . t I ’ I l ’ ’ ’i ’ I , ’S ’I ’,~~~~ 3 I ii 33 ;, , , , 4 ’ ’  I 1 l l l . ’ I ’, 11 1I 14 4 ’ ,S I , . Sl , Ii’IIl ’ ’ ’ l  I l • ’ I I ~~~~ M t 1 . . ,I ,S I ‘ l i i I  I ’ l l

1 5 5 5 5 5 1  5 5  S 9 5 5  5 5  5 ~~~ ~~ ~ ~~ ~ ~ 5 5

4 4 4  5 6 6 6 6 1 6 6 1 1 6 6 6 6 9 1 6 1 5 4 1 5 5 ’ 5 6 5 l 5 1 l 5 5  5 6 5 6  6 5 5 6 6 6 6 6 1 1 6 1 1 6 1  1~~6 1 1 6  1 1 1 1 1 1 1 1 1  11 1 5 5~~ 0 0 1 1 6 6 1
MCDONNELL AUTOMATION COMPANY

I ‘ I 7 ~~l 1 7  I I 7 7 1 1  I 7 1 I I I )  I l l  1 7 7 1  7 1 1 7 7 1 7 0 1 7 7 1  7 1  7 7 1 0 7 7 1 7 7 7  I 1 7 1 1 0 7  I t ’ l l 7 1 1  1 I I  I~ 
I 7

( I I !  1 0 1 1 1 1 1 1 1  1 1 1 1 1 1 1 1  ~I 5 :1 1 1 1 1 1 I l l  • 1’ I S u u I S S I  1 , 1 II’ ~1 5 5 1 1 1 1 1 1 1 ,S! 05 • ;~ 1 1 5 0 1 1 1 5 1 , 1 ~~
1 9  1 1 0 3  0 0 1 0 0 0 0 0 3 0 3 0 1 9 1 9 9 9 0 1 0 9  I S H O I 0 0 0 0 3 0 0 9 0  0

1
0 0 9 9  OIS I 9 1 9 0 9 9 0  910 ,,,~~,,,, 0 0 0 0 1 9 9 5 9

I 4 4 l  i , , 4 , S 1 ’ i’ , ,,’, I ’ $ ,l a ,,J I , M i j I4 ’ I 5 , q 4 I ,i I, 40 1 04 0 ’ 4 ’ I d I I ;Ii M .l ’l I _ I ll , , , , a , ’I 4 , 5 5 1 5 ’ . ” ,

CARD 2

~~. 1  .~~ I 4 4 ’ b ’ S t j t ,’ Z .  P 4 f l 1 ’ f l f l 4,” 4  42 1’ 4* 7 ’ 4 4 0 ’ s  (I

; ,‘; i;,; ; ~; ~; ‘
~; 
;~; ;~;.;;~‘; S~~~l u o;  s o i r ~~~~~~ S C O  C t C ~ [ C C I  0 C 0 I ~ C C O

~~~~ 5 % 1 5  i i ~~~~i
h

i I I~~~i’ ’’ I~~, *I ?I ’~~~~~~ M 1 i ’ l’ )5 $I , J4 i ’UI I4 5 1 I ’ 1 1 4l 44 ,44 4 1* 41 14 ’ 1’ I~~$ I : 1 4 ) lI 7 a I 4 , S , l . I .I •5 4.~~~ • 0 4 4

I l l  I tJ I i  I i  I i t  I I l  1 1 1 1 7 1  4 I I I  1 7 1 0 1  l I t  I I  t i l l  t i l l  1 t  I I 1 I I  I I t  I I  I I I I~ i 1 I I I I I I I ‘ - I I I  I I I I

7 7 1 7 7 7 2 7 7 7 7 2 ? t 7 : ? 7 2 7 U 7 2 2 7 . 7 1 7 1 2 7 2 7 2 2 2 7 2 2 2 2 2 2 2 7 2 7 7 2 2 1 1 1 2 2 U 2 2 2 U 3 f l 3 2 7 2 3 3 H 3 3 7 3 ’

~~~~ ~~ 
3 1 3~~~~ 

3~3 ~~ 3 13 ~~ o ~~~ ~~~ 3 3 3 3 1 3 3 3 3 3 3 3 3 3 3 2  3 3 1 3 3 U H  3 3 3 3 3 2 4 3 3 3

4 4~~ 4 4 4  4 4 4 4 4 4 4 4 4 : 4 4 4 4 4
1
4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 , 4 4 4 4 4 4 4 4 4 4 4  4 1 4 4 * 4 1 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 4 4

1 , 4 , 4 1 1  I ’ l ’i i ’l ’l IS ’ ’ l I ’ l I 1, 4 ‘I ?1 1 4 , , 1 1 1 , Ili iIi, l S l l ’ I , 4 4 1 4 . 4 l , 1111 4 1 1 4 0 1 1 4  ,l’. h S t l l l  41 , 1, 4 . 1 ’  ‘ 1 I ’’

~~~ ~ 5 S ~ ~~~~ ~~~~~ ~ S S ~ - 5 : : H  5 5 5 5 5

1 1 1 1 0 0 1 1 0 1 1 6 1 1 1 6 6 1 0 1 6  ~~ 11 6 1 1 1 1 6  6 1  6 6 1 1 1 5 1 1  11 1 1 0 6 5 5 1 5  I’S 6 1 1 6 5 6 6 6  
~ 

6 5 6 6 6 7 5 7
1

2 i

MCDONNELl. AUTOMArSON COMPANY I ‘ I I

I ’ l !  7 1  7 1 ) 1 7 1 1 7 0 : 1 1 1  1 1 1 1 1 1 7 1  ~~~ I~I I l l  7 1  7 7 7 1 1 1 1 7 7 1 7 1 7 7 1 7 3 3 3 1 , 7 7 7 1  7~J 1 1  I l l I l  ‘

• & 5 9 0  0! 0! ‘ I til l 9 3 1 ) 4 0 1 0  9 i~ 5 9 1 5 1 0 0 1 1 ’ S  * 5 0 5  P 0 1 0 1  I I’  .14 ,5 14  ‘ I ‘ * 01 I I  0~~ 4~ 4

g u st , ,.,, 1 1 9 3 3 1 1 1 0 1  I~I l 0 0  t~l III I I I  11 5 1 1 1 1 1 1 1  I~I 0 111 1 111 1 0 1 1 1 1 1 1 1 1 9 ’ 3 1 9 i  9’~ 1 5 9 9 9 6 1 !
I - I  S S I I ’ . I ’ i , ’S It i ’ ’ ’  4* ,. ,’) 4 , I JI I I p l l U f l I l ) 4 I ’ R P S I I I I SI I4 I I 4 O S S I I * I 4 ’ li 44 I1 b I 1 * l i l l l . . l 1 0 1 . 1 1 5 . ‘ . 4 .
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Or t i , ,,,

s ,~
. i Diame tei Size 2

~~~~~~
\

\ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Junc tion 1 junction 2

Size 1 and Size 2

Option 1 (Fitting End or Boss for lube Size in l6ths of an in.)
E.,,impI~’ 8 8/16 in .

or
Opt ion 2 1 A,’t ,,iI Fi t ti n I of Boss I D.)

Example: 0.391 in

0’ 4?

ELEMENT TYPE 32 - TWO WAY RESTRIC TOR

The two way restrictor restricts flow in both d i r e c t i o n s  and is an o r i f i c e

t ype eltnvnt . The o r i f i ce f1o~’ is ~ function of the orifice diameter , Reynolds

number and ti le ~~l 11 f f i c i e n t  of d i n c h a r g e .

One “ i r S  i n  r e qu i r e d  f o r  i n p u t  data. functions 1 and 2 correspond to

Si ze I and 2 r e spe c t i v e l ’ ,’ . ‘I ’lie or i f  i c e  d i a m e ter  is i n p u t  a long w i t h  the

c oo t  f i c i € ’ n t  of d i s ch a r 3 ’ i ’ . I f  no c o e f f i c i e n t  ot discharge is input , tOt e element

model sel ec I’~ one .
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CARD FORMAT

1.4 1~~’’ 1’ yr ,4 j I’’

1 1.1. ( n ~l ’k 1 R3 ’R I ) F  CARDS ) 1

BLANK

9—i” FP . 3 ( ELE M ENT TYPE) 32 .

JUNCT I ON 1 
_________________

T~~1 3 .J[’NCT ION 2

SIZE 1 t~2. (See Options )

S I Z E  2 
-~~~~ TN . (See Options),

r°3 ORIFICE DIA . IN .

~ (I DISCHARGE COEFFICIENT

(5-so BLAN K

EXAMP LE

TYPE 32 2 WAY R E S T R 1 ’ CTOR I N T E l ’  DATA

I . , I . - . I ’ -” . . . . , “ • ‘N
I I I~~~~.~~~1 h I  ‘ ‘ 1 1 1 1  I 0~~~~~~~~~~ I~~~~~~~

0 Q Q 3 3 2 7 2 ’ 3 1 3 o 0 i ’ 5 2 L ~~~~ 3~~ , , , J 3 0 C I
2 U U O 7 l 3 9 0 J 9 0 G 1 R 0 3 3 3 I l ~~7 G G 7 0 L I 3 3 C 3 2 7 I J J J 3 3 3 9 ) 3 O O O O

~ I ’ I I IH I I I
’ 

I ~I • I 
‘

I

’ 

: • ,

l ‘I 

I I  I~ I i i  
‘
I
’ 

1 1  I I
’ 

4

4 

I~ l I I
’ 
Ii I I I ’ . ‘ I I I I I I I  

‘
I 

‘
I I I  ~I 1 ’ ’  I I I  I

’ 
I

- . 3 2 ? ?  2 1 7 1 : 2 2 2 ;  2 : 2 l 2 h l I i l I I l ? 2  2 2 2  
~ 

2 2 ?  1 2 2  ; i  7 2 U~ 1 2 2 2 2 2 2 7 2 2 2 2 3 7 2 2 2 2 7 2 U 2 3 2 2 2 7

3 3 3  I3 I~ 3 3 3 , 1 3 3 )  3
t
13 ~~~3 3 3 3  ~~ ~~ I~ i 3 3 3  1 3 3 3 1  3 3 3 1  ~ 3 7 3 3  I~ 1 ~ J 3 3 3 3 3 3 : 3 3 4 3 3 3 3 , 3 3 3 3 -

1 4 4 4  1 4 4 1  I I  4 4 4  4 4 4  1 4  1 1 I 4 4 4  4 1 4 4 4 1 4  4 4  1 4  4 8 4 4  4 4 4  1 1 4  4 1 4 4 4 4 4 1 4 1 4 3 4 I 1 4 4 4  4 I 4 4 4 4  4 4 4 4 4 4 1 4 4
I I ,

~ 
4 I I I I , ‘ ‘~~~~~ ( • S II ,‘ ( l I, fl .1;. 4 1 , , ’ I ’ I, 1 1 1 1 , 0 II 0 , I 4 5 4 40 1 4  , , ( , , 1I 4 (4 ., ‘ I I ‘ I I ill

5 5 5  5 5 ’ i S S  ~~~~~~~~~~~~~~ S 1 5 S 5 ’ 1 5 ’ 5 ~~ j 5~~~~. 5 5 5 1 5 ~~~~~~ , jS 5 5 S 5 5 j 5 5 S’ 4 S 5 5 5

6 S b  5 6 4 1  6 6 6 6  II 6 6 1 6 6 6  U 6 6 6 6 6  I~ r 6 6 6  b ’I~ 6 6 1 6 6 6  ~ . S L  6 L I I  1,1 I t  6 L 5  6 6 6 3 3 6 6 6  C l  C O O
4 , 4 ,  , ‘t ~~t . ’i 1 4  A I I 7, 4~~ 4 . iT l~~~~’’ ( ,‘ t.,’’ ,4’4 s 

, 
I

i / I l I U M  1 U l i i I 1  U l I M O  I I)  1

~

) M I  ‘ 
~~~ 4 ‘ I ‘ i ( , I 3 U I I I ,1 : 1 / 1  I I  1 1 1 1 1 1  7 7 7 : 1 7 7  I i  ~

5 1 1 8 3 1 0 5 1 1  lb S i  3 8 8 4 4  •~ ~ 0 8 5 8  IC~b ~C I  4 8 1 1  i~8 I~ 3 8 1 1 a 1 1 . :1! ~ I~ 1 4 4  8 t 8 3 1 8 8 0 5  o~6 6 8 8 S 8 6 5 8 5

1 1 9 1 9 9 9  1 9 j  9 5 4  3 3 5 1 7  3 9 3 9  i ol  9 3 M  5 1 )3 9  9 8  l I j  1 9 3  3 9 9 9 9
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2.1.4.19 Type 33 — Relief Valve

( Always “In” Relief ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

2

Size 1 and Size 2

Option 1 (Fi tti ng End for Tube Size in l6ths of an in.)
Example: 8 8/ 16 in .

or
Option 2 (Actual Fitting ID. at End b r  Size 1 and Size 2)

Example: 0.391 in.

G P ’ 4 0 7 7 2  I I

ELEMENT TYPE 33 - REUEF VALVE

The relie f 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 114 ’ port to the

relief flow direction . Junction 2 is the “out ” fl ow port . Sizes 1 and 2

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

1 .1 (NUMBER OF CARDS) 1

BLANK

(ELEMENT TYPE) 33.

• JUNCTION 1

2~ —5 2 c 3  JUNCTION 2

1~~ • 3 SIZE 1 IN. (See Options)

“ i l_ Il - c • ) 3  SIZE 2 IN. (See Op tions)

RELIEF VALVE PRESSURE
________ _________ SETTING PST

57—80 B LANK

EXAMPLE

TYPE 33 RELIEF VALV E INPUT DATA

4 1 . ‘t 3 1 , ~~ ) ,3~ 4~ ~~~ i’’ 5i1 .

/ - I I ‘ I I I  . - .  I . . -.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2 . 1 . 4 . 2 0  Ivj~e 3 4 — Solenoid Valve (4W—3P)
J u n c t i o n  1 (Always High Pressure Port)— ~ ~~__Junc ti ort 2 (Always Return Port )

Size 1 __...~\4 Size 2

~L~~~ R

_

~~~~~~~~~

_

~~~~~~~~~~~~~~ P Praii~~re Port
R R.t~~rn P o r t

C3 Cv Ilrr d .r Po r t
C4 Cy l i nd e r  Port

C3 C4
Size3— ../ Size 4

Junction 3 Junction 4

0~Jf1 I1LR P A 
~I~I f~ ,_R Size l 1 Size 2, Size 3 and Size 4

~ 
I _ ~ Option 1 (Fit t ing End or Boss for Tube Size

I I in l6ths of an in ,)

I I E x a m p ( e : 8 = 8 / l6 i n .
I I or

LI Li Option 2 (Act ual Fitting or Boss ID . )
C3 UJ WC4 C3 C4 C3 C4 Example: 0.391 in .

Control Control Control ,r Q ’ 1 2

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-

3 w.e~ 3 posi t ion , Type 35-3 way 2 position and Type 362 way 2 position .

For a 4 way 3 position type valve the ‘3 positions ar,’ (1) pressure to C3

port w i t h  C4 ported to return — control code 1, (2) pressure to C4 port

with C3 port ed to return — control code 2, and (3) the valve in the null

or closed po :dtion with leakage from hi gh to low pressure — control code 3.

Il i t ’ 2 p o s i t  ions Mr a I w .iv 2 posit i on  valve ire (1) pri-s-~l L r~’ t o

C ’3 por t and t lie C4 po r t  not c ’’ IiIir ’ct I ’ l l  — control i’ode I . (21 th e valv e i n

l 4 i ’ ’  n u l l  or c l o s e d  po sit ion wit h l e . l k I C , ’  I r e in  hipli t o 1 ’w pr t ’’~’;i i re —

‘ i i ~~(~~’ 3.
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The .2 way 2 position valve has (1) direct path from pressure to

return — control ci”de 1 and (2) the valve in the null position

w ith le1k44 ,ze from the high to low pressure — control code 2.

Two cards are required as input data for eac,h type oh valve. The

junct ions 1 , 2, 3 and 4 ports are identified depending on the particular

“ j ive being used. SIzes 1 , 2, 3 and 4 correspond with the same junction

numb er  with options as noted . Valve specifications usually give t h e

internal pressure drops as a function of flow for a specific fluid and

te::pr rature. The viscosity for the fluid at these conditions has to be

Input to allow for other type fluids and different temper ature operating

conditions. The rated pressure drops at rated flows are input.
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4 WA Y — 3 POS iTION
CARl) 1 FORMAT

1 1.’ l ~~‘‘ ‘.~~~‘

I 11 (NUMBE R OF CARDS~ 2 ---

BLANK

9~ l~ 
J 1 ’ .3  (ELEMENT TYPE) 34. 

—

rP JUNCTION 1 (P)

FP .3 JUNCTION 2 (R)

JUNCTION 3 (C 3)

~~
°. 3 JUNCI  tON 4 (C4 )

/~~r~~~~~r f  
~~~~~~~~~ SIZE 1 IN. (See Options)

SIZE 2 IN. (See Options)

SIZE 3 IN. (See Options)

SIZE 4 IN. (See Options)

CARD 2 FORMAT

r
( ~, - r , ‘.II TII 

- 

, 

RATED FLOW FROM JCT 1 TO (‘PM
_ _ _ _ _ _  _ _ _ _ _ _ _  

.JCT 3 OR JCT 4 _ _ _ _ _ _ _ _ _ _ _ __________ — 

- ç -~ RATEE) PRESSURE DROP FOR
_____________ ____________ RATED FLOW __________________

17—:”- ~~~~ VISCOSITY OF FT . C I 1 )  FOR CENT ISTOKE S
-____________ __________ RATED CONDITIONS

?‘ — ~? ~~ 
-~ LEAKAG E FLOW FR OM ICT 1 TO C PM

_ _ _ _ _ _ _ _  _ _ _ _ _  JCT 3 _ _ _ _ _ _ _ _ _ _ _

33_ lit) 

-— 

,~~ 
-
~ PRESSURE DR OP FOR LFOAK .AGE 

PSI
____________ _____ CONDITIONS - __________ _______—

~~

________

OPERATJNC CONTROL CODE

4 9-80 F°. BLANK
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EXAMPLE

TYPE 34 SOL VALVE(4W—3P) INPUT DATA

2 CARDS REQUIRED

CARD 1

2 34. 35. 971~ 95. 00 0. 
~~. 8. 4. 4 .

1 . 7 1  I S ’II ’’1 910 2 1 2 1 :4 I :IZI;e2, 1O ,, I ;I ,4 ,,k,, r.I.’, 4 4
~~ I N 4 4 4 f I 4 r 4 $ 44 1 tJ 1 l t I f , 4 ,fl $4 77 NO lIt.)I •2 S 1 4 ~

7 S ~~~~~~~~~ G I l  ‘1 ‘2 ‘ I 1 t ~~~ I’. II 1 1 ,  2 ’  22 23  24 25 II, 2’ II 2, 70 1, 12 1) 74 IS 70 17 1. 11 4 0 4 , ., 41 44 43 47, 4 ?  II 4* 51 3. 12 IS N,.

0 6 ) 3  C I C l  U~3 2 1 1 9 3 0 0 0  C O O C ,0 0 0 I 0 0 0 0 1  0 0 0 0 0 3 0 0 0  It ° 0 0 0 0 0 0 0 0 0 0 0 0 0  0~8 0 8 0 0 , 2 9 0 0  0~0 $ 0 0 0 1 8 0 0 8 0
‘ ‘ I I I  I I . . ‘‘i ’I ’i , I I ’  I I r ‘ 

, 
if f f ’ I ’ ’ I ?  I II 3 1 I II 1 , 14 I ’  II 11 41 II II 4i 44 41 , 11 II II II ii i’ ii 11 14 h I ll II NO ii U I 4’ 4 1 14 ii , 1 4 1  li ii II II It 4 ‘I I I I I I I
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3 3 3 3 3 3 3 3 3  3~I3 13 3~] 3 3 3 3 3 1 3 3  
~ 

3 3 3 1 3 3 3 2  3~3 3 13 3 3 3 3 3  3 1 3 3 3 3 3 3 )  
~~~ 

3 3 1 1 3 3 3 3  
~~ 

3 3 3 3 1 1 3 3 3 3 3  3 3 1 3
4 1  4 ’ , ) 4 ~

‘

,
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I l l ’ s ’  I I  . ‘ I i I ’ . ’ f II I ’, I l ! ,’t ,l l l l i  ‘ . i ’ 1 l f1 lj $i l , I i I I, I 4 I l •I I I N O I I I 1 11 1,

1
i I r I i I ll Il Il Ih Ii 14 If , ’ I I ’ I I II ,I , ii ’ l l

5 5  5 5 5 5 1 5 5 5  
~ Is 5 5 S 5 5 3 3  ~~~ ~ 5 IS 5 5  5 5  S 5  S 5 5  ~~~ ~~~ 5 5 5  5 5  S S  S S 5  5 5  S 5

6 0 6 3 6 5 6  t ’~ 6 5 6 1  1 6 6  6 2 6 6 5 & 6 0 6 6 & C , 3 5 5  6 6 6 6 6 6 1 6  6 5 6 6 6 6 6 8 6 1 6  G’C 1 6 6 6 6 6 6 8  G ’ G 6 6 6 6 , 6 6 6 6 6 6 6 6 8 6I M C OC ’N NE L L  A u T O M . 4 T I ,  “J COMPANY
1 I I I ’ , 4 1  I 1 7

)
1 1 7 1 7 : 7 1 4  I 1 1 1 3  7 0  I I I  I l l  I i  I I ’I 1 1 1 1 1 1 7  1 I ’ I I 1 1 I 1 1 I 7  1 1 1  1 7 1 1 1 1 1 1 : 4 2 8 8 1 4 1 1 1 7 : 3 1 I I I

8 8 8 8  ~I o o 1 i t o o  o I e o s a o o s l o o o  ~o 8 8 l O 8 s l 8 o 8 I a 8 5  o o o s I o ~a o i I I s o s o s i o o s , , I , so 0
1
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I ‘ I I I I i I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
* ‘ I~~~~~3~~ I~~ ’ l ? W

CARD 2

‘5. 5i)~ 14 . . i 
‘
~~T iii . 1
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I I I I I I I I I I I I I  I I I  II 1 I I I 1 1 1 1 1 1 I I I  I I  I I I 1 I I I I II 4 1 1 1  I I I t  I I  I I I I  I I I  1 1: 1 1 I I I I  I I I I I  I I I t

l 2 2 2 2 2 7 2 ?  2 1 7  2 2 2 2 1 1 2 2 2 2 2 2 2 2 1 2 2 2 7 2 2 3 2 7 2 2 2 2 2 2  7 7 7 2 2 2 2 2 2 2 2 2 2 ? ’ ?  2 2 2  7 2  2 7 2  ?~? 7 2 2 2 1 2 1 2 2

3 1 3 3 1 3 3 3 3  3 0  11 3~3 3 3 3 3 133  
~ 

3 1 3 1 3 3 3 1  3 3  3 1 3 3 3 3 3 3  3 : 1 3 3 3 3 3 3 3 3  3 3  3 3 3 3 1 2 3 3 3 1 2 3 3 3  3~3 3 3 3 2 ) 3 3 3 3

4 4 4 4 4 4 4 4 4  4 4 4  4~4 1 4 1 4
1
1 4 4 4 4 4 4 1 4 4 4 4 4 4 1 4 4 4 4 4  4 4 4 4  h I  4 4 4 4 4 4 4 4 4 , 4 4 4 4 4 4 4 4 1  4~4 4 4 1 4 1 4 1 4 4 1 4 4 1 1 4

3 4 1  I I  i i ’ .I I I . i I v I i . . II I I, .,:.I H II O I , l . _ i , I II:,. l _I _, Is ,I ,I , I 7 0 I , i I , I, ,’ , II .I _ , I I I .,I I ’ i ’ I , ,
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£ C C 6 6 S 6 S C G ~6 1 6 6 6 C 5 6 6 & G 6 6 & c 6 6 G l ~1 s 6 G c 6 8 & 6 6 6 ~~5 5 5 M 6 G 6 6 6 5 6 6 6 6 6 5 G 6 G 5 6 0 6 6 6 6 6 s t s 6 G ’ 5 6 G 6 6
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9 9 9 8  ,:
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I WAY — 2 P O S I T I O N
CARD 1 FORMAT

_ _ _  

- i - . “ -
~~ 
_

~~~~~~~~~~~~~~~~~~~~~

‘ .

~~

. 

_ _ _ _

(N u m b e r  of Cards ) 2 —-- 

—

‘3 _ C? 7I , B l a n k  ——

( E l e m e n t  l ’,’ I ) e )  ) . ‘
~ 

- 

- -

. , (‘ ‘f ,Junc tion 1(P)

2 5— 3 1 T <~.3 J u n c t i o n  2 (R)  -—

3 J u n c t i o n  3 (C3)  — —

Blank ——

Size I in. (See options)

S i z e  2 I n .  (See op t i o n s )

S i z e  3 In .( S e e  o p t i o n s )

~9 . 3 B l a n k  — —

CAR D 2 FORMA T

CCT7 . “7 
~~ 

V ,” ‘71 • . 4  ,•, -

R i  t ~ i l I I CiW from JCT I (‘I’M
-
~~~~~~~~ t~~’ 4CT 4 

I

~~~~ 
—~ R a t e d  p r e s s u r e  d r o p  I or

I 
r a t e d  f l o w  PSI

V is e i s l t  y ( ‘ I t  F l u i d  b r  , -1/— .3 ‘ ‘ 
( o u t  l st O k ( ” ,

r a t e d  ci ’nd i t  ions ____________________________

25 3? t~~
’
~ 

,‘~ ,
~‘1k ~lWe S l o w  I ron I t T

______________ ____________ to_ JCT__I _________________

:~~. 3 I2 ressIl r ( drop f o r  l e a k a g e
it  i , I 1 0~~

Op e r a l  i u g  u n n l  r i  code

!‘~~ . 3 B l a n k  — —
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EXA~PLE

TYPE 35 SOL VALVE (3W—2P) iNPUT DATA

2 CARD S REQUIRED

CARD 1

~~ u) . 0 u 3 ~~ 

- 
~~ u I . “ . ~~~. 

-- 
I , ‘I ,

i/
f ~~~~~ 4 5 4 7 1 1 . • !I I7 J 4 ’ 4 ’ ’ 5 II. 7 ’ I I O I ’ % ’ ’ I. 113 ’ 7 ’ ’ ’I4 7’ ’ S 1 1 ’1 11 1 I ..... I ‘ I . . -  I I

0 8 0 0 8 0  S l l t u l I i 0 e l 8 I 5 I I O~~0 g $ O  0 8 0 1 0 8 8 0 1 0 0 0 1 7
1
9 0 0 4 0 4  I O 0 0 ~n 8 0 0  ‘ I n  )~ I I f ’  I 0 0 0 0 0 2 ’ I f l  ‘I ’ ‘I 13

2 1 1 1 1 1 1 1  l I I ,l ,t l l l I Il 1 lI I7 ’I ’l 1 l I2 l 7J II~~3 $ t 7 ~~
1l S ll lI lf l1 I4 lI1ll ~~~‘4 9 If 4 I ’  I’ ll I ’I I ’ 7 3 ’  7 . 2 1 1 1 1 , ’ . I 1 ’ . I , I ’ l  I I ’ ’

I I  I 1 I I  I I I I  I l l  I I I  1 1 1 1 1  I I I I I  I I I I  l I t  I I t  I I I I I I I I I~ I I I I I ! l  ‘ I I  I I I 1 I I I 7 ‘ I I I 1 I I - I I ‘

• 2 1 1 ; ?  2 1 7 7 7 ? ? ?  7 : 7 2 2 7 ? ? ? ? ?  117 7 7 7 7 1 7 7 7 1 2 7 1 7 7 7 7 7 2 2 1 2 1 ?  1 ’  1 7  7 ’  2 ? ?  ‘ 7  ‘I 1 1 7 2 3 2 ?  ‘ 1  7 7  ‘ U ?  : 7 7

~~~~~ ~ ~
3 3 3 3 3 3 1 3 1 3 3 3 3 3 1 3 1 3 3 3 3 3 3 1 1 3 3 0 3 0 3 ?  1 3 3 3 3 u 1 3 1 3 3 1 7 3 3 2  ‘

~~~~~~~‘ ?  ~~I 
~7 I I 0 3 1 . ’ I I J ’ ’U 2 I

4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 1 4 1 1 4 4 1 4 1 4 4 1 4  I~ 4 4 4 1 4 4 1 4  4~ l 4 4 0 4 4  4 4 4  4~ 1 1 1 4  I ‘ I ‘ ‘~ I~ ~~~~~~~~~~ 2 4 4 2
2 I 4 1 , 4 ‘ I l ’ l II It It ,I I , I I I I ’ I 3 ’: ’’ I7 I2 ll :’~~’I l I fS II :I I l f f tt t 4 ’ , I i ’ ,I ’I I , I I ’ Il l’ l l l  I I I ’ )  I f ’  , ‘ II I . 4 ’  1 , 1 1 - 7 ’  I ’ ’

°~~°~ ~:° ~° ° ° ° ~ I~ ~ °~~~ ° °~ ~~~~~ S~~5 5 ~~ ~ s ~~~ 3 0 1 3  ‘‘ , 3 1 3  5 1  I S )  5 1 3  5 0 3

6 6 1 8 6  6 1 0 6 6 1 8 0 0 6 1 6 6 1 8 6 8 6 6 6 6 1 6 6 6 6 6 6 6 6  6 6 6 6 6 1 2 6 8 6 2  7 7 5 2 1 7 “ - I 7 6  5 £  6 I 5 6  3 ’
MCDONNELL AUTOMATION CO M24ANO 1 I

: 1 1 1 1  I ; I 4 1 7 1 1 1 1 1 1 : 7 1 7  1 1 1 1 1 4 1 : 1 7 I 1 4 7 1 I 1 7 : I f I I ‘ ‘  I I I l l  ‘ ‘ 1 1 1 I I ‘ .‘ I . ‘ ‘ ‘ I 7 1 1  I 1 7

1 1 0 1 1 1 1 0 1 8 1  I I I  l~~l I l l I 0 l  10 : 1 0 0 , 0 9  I II 8 ’ 5~~!’ I~ ‘ s  I C I ’  2 I I ’ f  7 2 1 2 2 1 , 1 1 1  ‘ 1 7 1 2 1 1  I
0 9 0 1 0 . 9 9 9 9 9 9 0 9 0  ili 9 0 0 9 9 0  9~9 18 8 8 1 9 9 9 1  ‘I 3 7 ~~ 7 7 3 7 1 0 1  3 ‘ ‘  ‘ ‘I 7 1 7 1  ‘I ‘I ‘ ‘I 1 9  1 9  4

~~7

‘ ‘ 7 1 2 7  1 1 1 1 1 101 I ’ ll ’  1 l J ’ ’ I’ l OI ’’ , ’I ” ’I l l I l I II ’i lI O I l ’ I I ’ ’ 1 ’ ,~~~’ ’  0

~ (i~ 
I i  3 4 ,  f 0 , 1.

1 . S~~~ I 5 7 ‘C IJ
~~~ 

4 .3 S ‘ I I fl 17 24 ,, a n  v u “ 2 ’  . ‘

I l l  ;I .io tI II ,, ‘‘:‘‘‘ ‘~~‘ ~~ ,,
~~1~0 l S  i I;i i 

• .

~~~~~~

• I~ 

0 6 2 0 2 7 0 0 8  C O l t
1 4 1 1 4 $ 7 1 7 1  ‘ l I l ( l l l I ’l~~~~’ ?f ’7 lI 2

~~
1 7 ’  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ t 7 1 , . 4 I 1, I I I 7 0 O N O I  4 I 1 4 l ~~~~~l l ’  4 . 1  . I

I I I 1 l J  I 1 1  I I I I I I I  1 I I I I I I 1 I I  I I I I 1 I I I I I  III I ’ I I I I i;t II 1 ‘ 1 I I I I I  I I I ‘ ‘ I I I I I I 1 I , I ‘ I I 1

7 1 7 2 7 7 7 7 1 7 2 1 1 7 1 7 1 7 1 2 2 2 2 2  2 ; 2 7 2 1 7 7 ~~2 7  1 2  7 2 7  ?~1 7 2 ?  7~1 7 2 7 7 7 2 2 2 2 , 7 2 7 2 7 2 2 2 2 1 2 7 1 3 2 , 3 2 : 7 7 7 3 : :

~~~~~~~~~~ ~I 
1 3 3 1 . 3 3 3 1  1 , 3 ~~~~ 3 1 3  

~ 
3 3 3 ~~, 1 3 3 3  3 3  3 I 2 3 3 1 3 3 3 3 3 3 1 )  3 3 3 3 3 ) 2 2 2  3 i 2 -

4 4 4 4 4 4 4 4 4 1 4 4 4 4 1 4 4 1 4  4~1 
~~~~ 

~~~ 

~~~ 
4 4 4 4 4  4 4 4  4 4 4  7 4 1 4 4 4  4 7 4

1;  7 5 1 7  f i l l ‘ I ‘I l lS , ‘ ! l f l  ., ‘I l I N N O  12 21 ,4 0 , 14 .1 1 4 1 1 I’ l . .. I , ~~ I 41 11 12 1 .  ‘ 1 .4 11 41 % 1 4 1 • 1 4 , 1 , , 1 I 1 ‘ I

S S S  S S ,~ 5 5 9 5 9 9  
~~ ~~ ~~~ 

~~~ ~~~ ~~~ ~~ 
U S  U S  

~~~ 
U S  5 4 5 5 5 5 5  S S I 5 3 2 9  5 5 1  3 ? ?  5 5

6 6 8  6 1 8 6 1 1 8 1  8 8 1 1 1  I I I  e 1 8 6 ’ 1 8 0 1 1 1 6  1 1 1 6 8 1 1  2 6 1 1 0 6 0 8 1 , 6  6 0 6 6 0 6 6 4 6 6 6 6 0 6 6  6 3 6 6 ) 6 6 6 1  2 j

UCOONNLLL. AUTO.4ATION COMP4’~’Y I

1 1 1 1 1 : 1 7 1 1 1 1  1 4 1 1 : 1 1 4 7 1 1 1  1 1 1 1 1 1 1 1 1 1 1  I 1 7  1 1 1 1 1 1 4 8  1~1 4 4 1 1 1 1 1  I I t  I I I  ‘ ‘ I 7 ~1 ?  ¶ ‘ “ 1 1 ‘ ‘ ‘ ‘‘

1 1 1 1 ( 0 0 . 8 8  0 8 8  l
~ 

I l l I l l i l  II 8 8 8 8  I I I  II 1 1 1 1 1 0 1 1  II 1 , 1 1 1 1 1 1  I I 1 1 1 1 8 $ !  1 1 1 1 1 1 1 1 1 !  S I t  I

‘7 
1 1 1 1 1 1 1  1 1 1 1 1 1 1 1 1  1 8 1 1 ( 1 8 1 9  11 0 9 0 9  9 0 9 0  10 0 9 1 9 9 3 9 3  3 1 3 9 1 0 3 3 3 3 1  9 9 1 1  IL 1 1 0 0 9 9 3 5 9 0 9 9 0 8 0  I I l l

I I 1 7 I, , ’. l l , , ,l ,l l! ,, Il~~~~ ’ I t 1 ?4 1 7 * 7 ’ lI .~~~~~l I I II I 4 I U ’ 1 7* I 7 l l ’ II II II II I ’ I I l l W I  1 4 . 0 , ,  ‘I 1 1 1 1 1 4 . , . l I ,1 MII I “ 0 , 0  5 .
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2 N AY — 2 POS1TP)N
(:ARD 1 l”ORMA T

1 7” ’ ‘ ‘ I ’  7 ’

1 :1 (Number of cards) 2 — —

2_ I: 7” . B l a n k  ——

(E lement  type ) 3. ~ — —

“I .Iunctjon 1 (P) ——

.Iun tion 2 (R) ——

Bla nk — —

2 0 3  B l a n k  ——

2 ” a Size 1 IN (See o p t i o n s )

SUe 2 IN (See op tions)

“ — 7 ? Blank ——

Blank --

CARD 2 FORMA T

_ _ _ _ _  _ _ _  

1 ~~~‘1

R a t e d  I low f r o m  .1CT I r
to  ,JCT 2 I I”,

‘i _ i c  ~~ 
-~ RaN d 7’Ir (’I.sur(’ dr Ip I l l ’

I rat. ed 11 (1W 451

~~ 
V I S C ( ’ S  it v of I in id for

i f_ I ‘ . r7ltlH 1 , I j l d j t Of lS  (‘ ‘nt j~~t o k ’s

— .,<‘) l,e.Ikag(’ I 1 1 W  I rem .1CT I2 ‘,—32 t o ,I CT 2

_
l

_
~ I f ’  ‘,o’) ~ I ’ re’ ,2,ur e d r o 7 l  I ( I r  leakage 

—

~
I ,, • 0022 ( 1 j t 1111 5 I

I ) p ~~’ r . i t  it Ip ( ‘ ‘ I I I  r I ’l (‘ode

~~l 3 Bl ank --
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EXAMPLE

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

2 CARDS NEQU I RE D

CARD 1
— 

41 ’ , ‘ I I , ‘ • I’ . •

1 1 4 1 4 ’ S I I I II W I  4 1 , ’ ’ . I I ’ l I ,I h I ” ’ I ” , , l .. ‘,,I~~•. .~. I  ~~~~~~~~~~ I “‘~~‘ l ’ ’ ’’’ . ’  I I

o
’
, ~ 

; .:~ 
; ; ,‘~; ; ;; 4 0 0 4 ; ;  7 4 4 0  ~~ 

;‘;;‘
~
;,; ;; ‘

~
‘; ‘; ;“

~
; ; ;‘~

‘
,; 

~~~~~ 
; ;‘;

~~ ~; 0 0  G I l D  0 2

’

~~~O

’

C 
-: ; ,

, I I I 1I I I II I I II II II II ,I ’ II I I I l 1 1 1 l1 11 ,1 27 1I 11 1$ ,, I1 1I 1I 17 14 17 , II II II II II II I ’ I , ‘‘ ‘ ‘‘ ‘ II ’ ’ 1’ I.’ II II ’ ’~4 I ’ ’ I . l 4 ’ l I I  I l 4 ’ . 1~~~~~4 , ‘ 4

1 1  I I  1 1  1 1 1 1 3 1  1 1 1 1 1 1 1 1 1 1 1  1 1 1 1 1  I I I  I I  I I  I I  I I I I  I I I 1 I I  I I I I I  I I I  0 7  I I  I I I I I I I I I I ‘ I I I I “I I I I I

I , I I I ‘ 

‘

I 2 7 2 1 ’ 1 1 7 ? 7 7 2 7 2 7 1 7 7 1 2 7 7 7 2  2 ;7 7 7 7 2 7 7 1 7 ? ; ?  1 2 2 7 7 7 7 7  1 7 2 7 7 2 7 2 7 7 1 1 2 1 1 1 7 7 7 , 1 2 7 2 3 ‘ 3 1 1 1 1 7 ? ? ?

3 3 3 3 3 3 1 3 3 3 3 3 3 1  
~1 3 3 3 3 ~~3 I i~3 3 3 3 3 3  l3 3 3 3 3  3 3 3 0  3~3 3 I 3 3 3 3 3 3  ‘I It 7 3 3 3 3 3 I U 3 3 1  3 1 I 3 1 3  1 1 ’  1

~~

~~~~~ ~~ 4 4 4 4 4 4 4 4  ~~ ~~ 
4 4 4 I~

4 4 4  4’4 4 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4  1 1 4 4 4 4 1 4 4 4 4 4 4 4 4 4  l~I 4 1 4 4 4 4  4 4 4

I I I 1 1 1 I I I III 19 11 11 1 , 4 I’ ‘I 1 1 1 1  11 21 11 II ’S ‘1 II I’ ll Il l, ’ , ’ , I’ I I  I I I  I I  III O: II I I. I l ’ /  III ,~ I ‘ 4 1 4 1 1  / 1 ’  , I

~~~ ~:° U~~ ~~ U~~ ~~~~~~~~ “ :~ ~~~~~~~~~~~~~ 
5 I  

~~~~ S 2 7 5 1  3 5 0 3  
1

,
2
7 0 2 7 2 7

1 1 1 6 1 ’ 6 & 1 1 $ 6 1 6 1  U ’~ 6 6 6 6 6 6 8 6 0 6 6 6 1 1 0 6 6 6  £~ 6 6 6 5 6 6 6 6 6 6 6 1 5 1 5 0 0 0  I” 6 6 6  d~ 0 1 : 1 ( 6 5 )  ,l~ )~ 
2 7 3 5  1 0

I MCDONNFILL  AUTOMATION COMPAN Y , ‘ I

7 7 1 1 1 1 1 1 1 7 1 1 1 1 8 1 : 4 4 7 1 1 1  1 1 1 1 1 1 1 1 1 1  7 1 1 1 1 1 7 1 1 1 1 1 1 1 ’  I I I  I 1 1 1 1  7 7  I I ~~I I I I  I ‘ I  I t ”  i’ l l ’ !  1 I

1 1 1 0 1 8 1 1 1 8 1 8 8 8 1 1 1 8 8 8 8 1 8 1 1 8 8 0 8 8 8 1 8 8 1 1 6 8 8 8  1 4 8 0  8 ’ !  1 8 4 1  ~ o l~ ~ I 9 3 2 4~ 
~~~

1 4

3 3 0  3 9 ~ 9 9 9  9 9 9 8 9 6 0 5 9 3 0  9 9  9 9 9 9 !  9 5 9
1
9 9 9 9 9 1 0 9  1 9 1  I III 9 1 3 0  I 5 9  q i 9 0 1 1 9  9 3 9  1 5 1 7 1

CARD 2
3 I ’i~~~~~~

’ 
~ ‘ I ’i I r ~~ 

— ‘ 14 . .~~ 1” . 1.
4 * 2  i $ . ~~~~~. ..~~~~I 12 2f l4 74 11 7 2l1 fl 1. I 7 4 f l

~~
l’  7 4 1 ’ I I I l S O$  7 4 1 4 1 4 4 * 4 47 1 ’ ’ - - ‘ 1 —

S i l l S  ‘I’’’’’ l I I t 8 4 I I I 0 8 8 8 0 C I I I I I I  0 0 0 0 0  I°~ 
4 8 0 8 0 8 0 8 !  C C C  C O  0 0 0 6  2 0 0 0 6 0  0 1 1

‘ . 1 1 1 1 I I ’ S ’  ‘ 7 4 1 1 1  IIlI, ’ O O 1 . ?1~~~~f I l 7 , p 1’ I2 9’ I. J7 ,I 4 , I $ I9,Ill, l’ 41 I4 ,,, ,4 , ..4. ,Il’ 1 1 4 11 11 ‘I I’ ’ , $ I 4 4  I I  , ‘~
,

I t  I I tj  I I I I~ I I I I i l  I I I I I I I  I I I I I I I I 1 1  I I I  I I 1 I 1 1 I  I I I  I 1 I 1 1  I I I I ‘ I 1 1 I I I ? ’ ’  1 I 0 1 I

1 2 2 7 7 1 7 2 7  7~? 
~~

7 7 7  7 1 7 7 1 7 1 7  7 2 7 7 2 7 7 2 2 1  7 1 2 7 7 7 2 7 7 7  7 ?  2 2 7 7
1
7 2 2 2 2 2 : 1 1 7 2 : 2 2  2 7 : 1 3 1 3 : 3 7 ? : : : : :

3~~ 3 3  3 3 3 1 3
~~1~~~~ 3, ~~~~~~ 

3 3 3 3 3 3  1 1 3  1 ) 3 1 3  
~ 3 3 3 1 : 3  

~~ 
3 3 3 3 3 2 3 1 3 : 3 : 7 : 1  - : 3 3 3  - s~~ 

‘ : 3

4 4 1 4  4 4 4 4 4 4 4 4 4 4  4 4 4 4 4 4 ~~~4 1 4 4 4 4 4 4  4 4 4 4 4 4  4 1 4 4 4 4 4
1

4 4 4 1 4  4 4 4 7 4  4 4 4  7 4 4  1 I 1 4 4 4 1 , 4 4 1 1 I I 7 I I
I I  I I I ’ S ’ 1 1 , 1 ,9 I ’I l ’I ’ ’ ’ I “ ‘ I ’ I ’( J l ’ 17 11 I, ; ,, 4J I I ’ 4 I ’ 4~~ I ; I I I II 4” 1 , ‘ I I ’~~~~~~~~~~ 4 ’ ‘ ‘ 1 . 1’

9 5 5 9 5 5 5 9 5 9 9 9 9 5  s ;s S S S S S $ S  ~~~~~~~~ ~~ 
9 5 5  S 5 5 5  U 

~~~ 
3 ) : : 3  3 1

1 1 1 1 1 6 1 1  6 1 1 1 6  1 1 8 1 1 1 1 6 1 1 1  6 6 6 6 6 1 1 1 1 6 1 : 6 l 6 1 1 o 1 4 1  11 1 6 1 1 6 6 6 6 6 ( 6 6 6 F  3 ( 6 6 6 7 6 6 6  C O  2 7  6 2 7 1 1  2
I MCDONNELL AUTOMATION COMPANY I

1 7 1 7 4 1 1 1 1 1 1 1 7 1 4 7 1 7 1 1 7 1 1 7 7 1 7 1 7 1 1 1 1 1 ) 1 7 1 7 1 7 7 1 1 1 7 1 1 1 7 1 7 7 1 1 1 1 7 1 1 1 ~ ? 1 1 1 1  1 1 ’  7 7 1 I t

— 

1 1 1 1 1 1 $  1 1 1 : 1 1 1 1 1 1 1  $ 1 1 0 1 1 1 1 1 1 1 1  •I 1 1 1 1 1 1 1 1 1  I I I  I~I 1 1 1 1 1 1 1 8  
~:‘ 1 1 1 8  4 1 1 8 1 8  S O I l  1 I 1 2 I I I

8 1 9 3  3 . 1 1 5 1  I~9 I I I  l~ 11 1 1 3 1 1 1  I~3 1 1 1 9 1 1 1 0 9  3~ 1 1 3 1 9 9 9 1  ¶~3 9 9 3  III I I I I’ 9 9 1 9 9 S U !  9 3  9 4  3 1 5  3 9 2 ( 3 5 7
I I S . . ’’ II 44 I4 4 lI l I I * l ’ ’I fl II I 7 5 7 i N 7 7 p I I l II~~,I,4 4 4  II II II I II II II I 1 M I I I II I S I l ’ I, ‘‘I II I I, 4 4 . 4 ’  ‘ 1
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2.1.4.21 Type 41 — Servo—Actuator
JUnCt IOn 1

(Away s Hig h
Pressure Port)_

\~~~

ç

,,

~
_
~ 

“111I~~~~~

,
,,
/
I_ Size 2

Valve
Rod Seal

A l Net Area to / ‘—A2 Net Area to
Extend Actuator 

/ 
Retract Actuator

Piston Seal—’ Size 1 and Size 2
Option 1 ( F i t t i n g  End or Boss for Tube Size in l6ths of an in.)

Example: 4 = 1 4  in .

Option 2 (Fit t in g End or Boss 1.0 . in  i n , )

Example: 0. 17 2 in .
,, P ’ a ( l  ‘ . 2 0

ELEMENT TYPE 41 . SERVO-ACTUATOR

The Typ e 41 servo—actuator is considered similar to a valve operation

with a simple actuator except the valve Is mounted directl y on the actuator.

A separate nodel for the servo—actuator does not exist in the

SSFAN program . To simulate a servo—actuator combine Type 34 (a four

W h y  th ree  p o s i t i o n  va lve)  and Typ e 4 (
~ simple a c t u a t o r )  components

into a servo—actuator model.

[Ildor normal operating conditions the valve may be either wide

open or comp l et e ly  closed ( n u l l  p o s i t i o n ) .  The .ictuator may be a

balanced (equal piston areas) or unba I 71114 ~d t y p e .

2—7 2



2.1.4.22 Type 91 — AppendIx Reservoir

AHP (High Pressure A r e a )

V i’
to At mosph il ’

~~~~~~~~~~~~ Piston ,~~~~~~~V/’ S R  1

~~ ca~~~
;t

o~rT 
Por t

Oil

Size 

A

Junction 1 Size 1 and Size 2
ALP (Low Pressure Area )

Option 1 (Boss for Tube Size in l 6ths of an in.)
Example: 12 12/16 in .

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

~~p’ ~~~O ’ ’ b ) ‘

ELEMENT TYPE 91 - APPE ND I X BOOTSTRAP R E S E R V O I R

Type 91 reservoir  Is a b oost rap  p res su r i zed  appendix  t ype .  Its purpose

is to make up system volume differences that occur with fluid temperature

changes and the volume exchange with differential area actuator s in the sub-

systems . The reservoir  model is correc ted  for  altitude using sea level as a

0 reference point.

One card is required for data input. The append ix port (S—R) and the

bootstrap port must be input as junctions 1 and 2 respectivel y. The high

pressure (bootstrap pressure) area of the reservoir piston along with the

low p ressure  area are i n p u t .  The seal f r i c t i o n  f o r c e  is c a l c u l a t e d  as shown

for  the  type 9 r e se rvo i r .
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CARD FORMAT
_ _ _ _ _ _ _ _  _ _ _ _ _ _-. 

1” 7 ”  , ‘

1. .1J. (NUMBER OF CARDS) 1

B LANK 
______________—

(ELEMENT TYPE) 91. 
-

i?-?’ ~~~~~~~~ JUNCTION 1 CR- S)

25- ’3? f <’
~•3  JUNCT ION 2 (BS)

33—/ i C 1~~ , 3  SIZE 1 IN.  (See Options)

1 1 1 3  SIZE 2 IN.  (See Opt ions)

1 9 3  HIGH PRESSURE AREA IN?

LOW PRESSURE AREA IN~

SEAL FRICTION

B LAN K

EX AMPLE

TYPE 91 APPENDIX RESERVOIR I)ATA INPUT ‘

~ i .  ~~‘ t ’”i . ~ ‘t ’ ,t , I l l , i , . 1 1  l ’ i . j i i~1 .

I I I I . ” I I ’ ’ , II I .. I - I - . I
•4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :1c ~ 3 I I 2 o o ! ’ 23 ~ D o o o
I ’: 1 1 1 1 1 1  I I  I I  t i l l I l  I;I I 1 1 1 1 1 1 1 : 1 1 1 1  l~ i I l l t I l l  I l l  I I : : : l  I I I~~~i I I I  I~ I 1 I I I

~ I 1 1 1 1

1 1 ? ? ?  2 2 7 .  : - 1 : 2 2 1 2 2 2 1 2 1 2 2 2 2 7 2 2  7 ?  2 2 2  .~ ? : 7 2 2 1 2 ? ?  ?~2 2 ?  , I? 2 ’ ? 2 7 ?  : 7 2 7 1 1  1 2 2 2 2 1 2 2 ? ?

h 1 3 J : : 2 3 . , 3 3 3 5 0 I 3 : 1 1 7 3 : 1 1 3 1 3 ? 1 3 3 1 3 3 3 3 1 I 3 3 n 3 : 3 3 1 4 3 : 3 3 3 3 1 2 3 3 2 ; 3 1 3 3 , 3 n 3 n 1 3 3 :
4 4 4 4 4  1 4 4 4  : 4 4 4 4 4 4  4 7 : 4 4 4 4 4 4 4 4  4~ 4 4 4 4 4 1 4 1 4  I~ 4 4 4 4 4 4 4  4~ 1 4 4 1 1 4 4 1 4 1 4 4 4 4 4 4 1 4  4~ 4 4 4 4 4 4 4 4 4 4

5 5 5  5 U 5 C ’ 3 5 3 ~~ S~~~~C 3 • .  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

16 1 5 6 5 6 ’  . 0 2 6 0 6  . 1 6 6 3 6 6 6 0  C t  C 1 0 6  £ 6 6  b 4 0 6  ? ‘ ~ 1 6  6 2 6  1 6 6 6 5 6 6 6 0 4  S C  4 6 0 6 6 6 1 6 6 6 6
l,,,~~ ,5 ,’,”I~~J,’ & j  A l i T  ,4ATI~,11N ~~~~~~~~~~~~~~ I I , I

1 1  I I  ‘ 7 I 0 ?  i , 
‘ ‘ 1 ,  I I 7 : 1 I I I  I I  I I I  I~ I I I I t I l l  I 1 , 1 I I 2 ‘ 1 I I I I I I I  I I I 1 , 1 I l I l t  I I 1 1 1 7 1  1 1 , 1 1 1 1 1

1 8~ 8 I 0 i $ 8 8 1 8  1 1 O C t 4 8  ~ 40 ~~ 8 8 1  I~ £ 8 0  I I I 1 8 6 ) 0 0 8 6  sIl  i~ 8 t 8 8  I 8 8 8 8 8  1 1 8 8 S l , I 8 8 8 1 S I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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2 .1.4 . 2 3  Jv pe  92  — Cons tan t  Pressure R e s e r v o i r

Oil

Size 1 Size 2
Junction 1

Junction 2

Size 1. Size 2
Opti on 1 (Boss for Tube Size in l 6t h s  of an in .)

Example: 12 = 12/16 in
Option 2 (Boss I D .  in i n . )

Example:  0.609 in .

EI.EMEX’I’ TVPE 92 - C04\’STANT PRESS URE RESERVOIR

liii .’ Type 92 reservoir is a constant pressure flow through reservoir.

I t s  purpos e  is to provide a constan t reference pressure flow throug h

reservoir. I t s  purpose is to prov ide a constan t reference pressure

regardless of the chang ing f low rate caused by a system demand .

One car~I is required for data input. The in and ou~ junction

numbers and port sizes are entered along with the constant pressure

value on thi s ca rd .

2 — 
TiI



CARD FORMAT

‘~ ‘‘4 (‘ ‘~~4.. 4’ 
—_ I 

—
~~~~~~~~ I ’ ’ ’ ’ ’  :

I (NUMBER OF CARDS) 1 —-

II ‘
~~

‘
. BLAN K ——

I (ELEMENT TYPE) 92. ——

1 JUNCTION 1 ——

JUNCTION 2 — —

rr~~ SIZE 1 IN. (SEE OPTIONS)

0 1 3  SIZE 2 IN . (SEE  OPTIONS )

PRESSURE PSI

57- 80 !~~.l BLANK ——

EXAMPLE

~ I’PE 92 CONSTANT PRE SSURE R E S E R V O I R  DATA INPUT

I 
‘ 

~~
— . — , . 1 . , ‘.~~

.1

~

• . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1 4 0 1 8 8 8 8 8 8  l~8 4 8 8 4 4 0 8 4 0 8  8$ t t
~
I S I 8 B • 1 5 4 0  8 4 0 4 0 4 0  •f l~? 1 8 8 8 : 4 0  ~~S I C  C C C C C O  C O  0 1  ‘ C 1 8  C I C  C

4 4 , ’ I  1 1 4 1  ‘ 1 1 , 4 1  ‘I ’l l ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I I . -  1 ,  . ‘~~
I I l’ l I I I I I I I I I I  I 1 I I~ t 

~~I I I I  I I I I I I I I ‘I I~~ I I l l  I I I 1:1 I I I I I I I I I  I I ‘ I I : I I I I I I ‘ ‘ ‘ I I r I I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
3 3 3 3 3 3 3 3 3 1 3 3 3 3  3j 3 7 3 3 3  

~~ 
3 3 3 3 3  3 3 ~~ 3 3 3 3  3 3 3 g .  3 3 3 3 3  3~~ ? 1 ? ) .- ‘ 1 : 3 ? : :  7 ) 2 3 1 1 3 7 3 3 3 3 : 3 : 1

4 I 4 4 4 4 4 4 4 4 4 4 4 4 I 4 4 l l 4 ~ 4 l I 4 4 1 4 4 4 4 4 1 4 4 4 4 I 4 4 l 4 4 4 4 4 4 4 1 4 l ’ 4 1 4 4 4 4 4 1 4 4 h 4 4 4 l 4 I 4 l 4 ’ 1 1 1 l 4 4 4 l l
; I  I I I  1 , 1 1 1 ‘ ‘i ’ I j 1~’ r ’ : u — ’ , ’~~ . , u I  ‘ : , , ; ~ ‘ H ’ ’ ’ ’ . ‘ l U 4 ’ *I ~ ‘ 4 ’  4 , 1 ’ ll~~~~I ’~~’ W I l l . . ’ 4 ,  ‘ 3 1

~~~~~~~~ ~~~ ~~~ ~~~~~~~~ ~~ ~ ~~ ~~ I s s  5 :  : s ’ s

6 6 8 6 8 4 6 8 6 6 $ 6 4 8 6 1 6 6 6 6 6 1 5 8 1 4 4  4 1 4 6  6 1 6 0 6 6 1 6  6~€ 6 6 6 6 6 6 8 6 1 6 6 6 6 6 3 6 6 0 6 7 6 0 1 1  5 6 6  6 0 0 0
MCOONP-4~~L4. AUTOMAY’ IOP-d COMPAP’J’.’ 4 I7 7 1 7  1 7 7 1 1 7 1 1 7 1 , 1 1 7 1 7 7 1 1 1 7 1 1 1 7 1 7 1 7 1  I~’ 1 7 1 7  1 1 1  1 I I I 1 1 7 ?  ‘ 7 1  ‘ 3 1 1  1

1 1 1 1 1 1 8 8 1  il~ $ I I I ~ 8 1 1 8 8 1 1 1 1 8  8 8 8  •II I~l 8 1 1 ,1 88 I;I 1 1 1 1 1 8 8  1 8 8 8 8 8 1 8  III  8 8 8  , 1 1 8 ?

8 8 9 9 8 8 4 0 1 9 ?  o,,,,i,,,,,,, 1I8 4 0 8 8  III I I I  ~~I
, 9 9 8 1 9 1 1 1  8 9 9 8 5 8 8 8  40 , 4 0 ! 4 0 8  9 c  I $ 3 4  0 ‘ C r I 4 0 9 3

I i $ ’ ~ - ‘, i ’ ’ . ’  I 4 1 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 4 1
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2~l~5 ~~d Ca rd

The end card for the data deck is the last data card . An Integer 1 is

placed in Colurtn 1 and the 0. in colusm 9 indicate s the end of data .

I ~Tt 1 1 ’  ...~ 1. ’

1. P ENTER 1

7X BLANK

9-16 19 .3 
—_ENTER 0. -

~~~~~

l7-~~ BLANK 
_______________

EXAMPLE END CARD

1 1

3 2 3 l ~~~~~ b P . 4  1 .~ . .~~~~. I 4 D l ’ fl 4 3 4 4 1 5 , I 7T 4I j, 3.) 1, r l, ,’ ,3 ,g l, M ,, .O ., 4 Z 4 l 4 . 4 , ...,,. ., ,o ,

1 ’ . ’ ’ l . I O ,7 ,l . ’ ’t l7 , . f l . 2~~~1 2 l S ll Zl fl h ’ ?I II 7O %’ 3t 13 34 34 4 51 4 1 f l 4 0 . .l ., 4 4 . 4 4  4 ’ ~~~l~~ ’ S

1 1 ? ?  C 0 3 0 , : 103 II 0 0 0  7~0 0 0 0 1 , 3 0 0 40 0~0 0 4 0 4 0  010 0 0 0 0 4 0 4 0 4 0 4 0 8 1 8 8 8 4 0 8 4 0 0 8 8 8 : 4 0 0 8 0 4 0 8 8 1 C C  0 0 0 0  tb 0 0 0 3 0 3 0 0 0
I I , I J  I , I , I i  I 1 , 4 , 4 I l l ,  I 7 ‘ I 4 IJ , ‘ ;: il l. 4 , 4 . 44 11 1 1 1 1  I’ II I) II l , , lI I’ 11 47 lii 17 41 41 il 14 Ii II II I. II 171411  .7 , 1 1 4 ,  II I’ ‘ ‘I 3 1, , I I ‘ 4 7 ’

•I I I I I I I Ij I  I I 1

:

1 I I  I I~ 1 I I I
l
l I I 1 I I I I I  I;l I I I I 1 I I  I I ; I I I 1 7 I I I I Ill I t  I I I I !  I I I  I I 1 lj I  I I I I l l  I I I I

7 2 1 1 7 1 2 2 7  7~? 2 2 2 2 7 2 2 2 2 ’ ?  2 7 2 2 7 2 2 2 2 2 2 7 7 2 1 7 2 2 2 2 2 2 2 2  ‘:~ 
2 2 7 7 7 7 7 7 2 7 2 2 2 7 7 2 2 7 2 2 7 2 ?  2 2  2 7 2 2 1 2 2 2 7

2 3 3 3  3 7 ?  H 3 1 3  H 3 3 3 3 3 3 3 3  ? 3 3 3 3 3 3 3  3 3 3 3 3 3 3 3  3;3 3 3 3 3 3 3 3 3  ~ 3 3 3 3 3 3  3 :~ 
3 3 3 2 1  3 3 3 3 3 3 3 3 3

4 4 4 4 4 4 4 :  1 4 4 4 4 2 4 4 4 4 , 1 4 4 4 4 4 4 4 4 4 1 4 4 4 4 4 4 4 4 4 4 4 1 4 4 1 4 4 4 4 4 4 4 4 4  
~~ 

4 4 4 4 4 4 4 4  4 4 4 l~ 4 4 4 4 4 1 4 4 4 4
I I I ‘ 3  I I - 4 , ‘ I I ‘I ‘ 4 :4 4 , 4 ‘ 4 I ‘I II I’ I; 1 I I I  II II II 4 , 3 -  II II II I II II li ii ii II 4 ,‘l . I .3 I., ( I’ 4, 43 I ’ ll I II .1 I ’ l l  ‘ 1 ‘ I • II

C 2 5 5  C C C  S 5 5 5 5  5 2 5 5 5 5 5 5  5 5 5 5 5 5 5 5 5  5 5 5  25 55 ~ I 
~~~~~ ~~ 5 5 5  s

1 2 6 3  C ’ S 1 0  3~ 6 1 6 6 6 6 6 6 0 5 6 6 6  C ’ S  4 0 6 6 3 0 4 0 6 6 6 6 4 0 6 6 4 0 4 0 6 6 6  6 1  6 5 6 6 1 5 4 0  C’G 6 3 6 6 6 4 0 3 6 6 2 6 5 5 6 6 4 0 4 0 6 4 0 ’ S  C 6 4 0 £
MCO O N I’J C LL .  AIJ roMAr,oN COMPANY 1 1 1 I 1

1 1 7 1 7 1  ‘ 1
1

1 1 1 1  I I  I i i  I ’ I l I l t  1 7 8 7  I I I I II I I I II I I I 1  I 7 7 1 7 1 1 1  1;I 1 1 1 1 1 1  I H 1 I I I T  I I  1 1 1 1 ?  7 7 7

8 1 1 1 8 8 8 8 8  I~8 4 0 1 3 8 5 6 1 1  H 0 B I 0 3 8 1 8 8 8 4 0 8 8  I ’ 1 0 8 0 1 l 8 I 8 !  0 l 8 8 1 4 0 8 8 I ! 3  I I I  8 0 8 6 ’ 1 0 1 l 8 I 8 8 I 8 ? I 0 I I
I I : 1 I

. 9 9 8 8 , 9 4 0 8 9 4 0 8 8 8 1 3 ,3 8 9 9 1 2 1 8 4 0 9 , 3 3 5 9  91 2 4 0 4 0 9 1 9 4 0 4 0 9 1 3 9 5 5 5  4 0 9 2 , 9 9 2 9 9 4 8 9 4 0 1  91 9 9 9 9 5 9 9 1 4 0 1 0 1 5 4 0 1 I 3 1 1 0 1
7 3 I 1 1 I 4  I - i i I Il ,i .’ , It ,’ ,:, . ’ j ,’, , , - .,. 7~~~~., ;:j) ,, . 4 ,, Jl :I , ,p~~ - • j ,,~~~~,- • 1 1 7 4 1 % ’ I .l ’ , I I S I I I , ’ I I I I I I I , , I I I I ’ I4 II I ’I l il ’ L I I I I I ’ 4 l.
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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 he in random order .

End Card

Element Data

Card 6 System Tem perature
Altitude - Data Output

Card 5 Flu id  D e n s i t y / T e m p e r a t u r e

Card 4 F l u i d  Tem pera tu res

Card 3 Fluid Viscosities

Card 2 Fluid Name

Card 1 Program Title

— SSFAN Program Deck with
Subroutines and Control Cards

P 4 ,  , I0

FIGURE 2-6
SSFAN PROGRAM DECK AND INPUT DATA
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3. 0 PROGRM~ OUTPUT

“or i I lu ’~t r a t i o r . ,  simple hydraulic  systems of th e type s shown ir Figures

~— 1 and 3-8 ar~ mod r~1eH to Indicate  the types of outpu t which may he obtained

wi tl-. .4SF’/ . L . Normal inpu t parameters set the system characterist ics or

resistanc”s ir: each leg for  the inpu t condit ions of fluid type arid tem pera-

tu re and flight altitude . The network flow balance, pressures at branch

points and leg pressure drops are calculated for this one set of condi t ions .

Program Outpu t is of ~+ basic types. ~ype I out pu t  Is the individual

element data that  was inpu t to the  program . This may be used f or refer ence

when first setting up the system to ensure that the data was inpu t correctly .

~‘vt.~e 2 output prints the junction numbers at each end of a leg in the systerr

with the calculated flow and pressure drop also printed for the legs.

lj;pe 3 output prints the pressures at each junc tion point or end point ir.

the  svs 4’ err along with the  name of the j unc tion, point or end point elepor t

.~r . ’  i t s  associated j unct ion point number(s) . Type ~ output is a special

t ’.’p ’  output . There can be many variat ions of this out put , many of w h i c h  are

rot “evelor’~~ at t h e  present . A r .  example of type ~ out put is to estab lish

the system resistance characteristics , then vary one parameter such as

alti t ud1e or fluid temperature by making multiple runs and study the pump

ar ’  reservoir pressure and flow variations.

3. 1 S~ F~ 1. ::amp le Case Cumber I

~a!~1ple case number 1 is the si.mple hy”raulic system shown in Figure

:-l . Thls is a 2 actuator load system with the solenoid valve in pbsition

to extend the ~rt uators each against a 1000 pound load . The actuators are

~~~~ e unhalanced1 area typo arr a r ~ of different sizes. ‘The pum p is a v a r i a b l e

“1.-liv ery t.vp’- operating at 3750 R~~ with a rated flow of II J77 7fl ;it thie

‘F”~. “ho reservoir is a flow through type with bootstrap pressure.

Firur1.’ 3—2 shows a typical firs t. page data output page givi ng the inpu t

~I t1e , f1ui’~ nam e, ternperah.re , and altitude. The viscosity and dprstt\’

3-1
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are the ca lcu la ted  athiospherir values at the  Inpu t— temperature .

Figures 3—3 and 3_ Lb show the inpu t data which was sorted arid ’ st o re d

int.o the indivi du al element  arrays . This is outpu t type 1. It may be

in ~‘ij ~ure 3—3 under Li.ne array—Type ‘I the incividual input bend angles

are not irc lured~ These were converted to equivalent length (~ QLT),

5140Ther ’ anr stored to mi.ni.mize required computer storage locations.

Fi. -ure  3-5 is an example of output type 2. The junction numbers at leg

-ri’s correspond to the numbers of Figure 3—1 block diagram . For example ,

f or leg 10—35 , this is the leg that starts at the pump pressure out port

ar” end s at th e ~o~.yr.streamn tee (reservoir bootstra p pressure tee).  The

pre~~ur e drop in this l er~ is q~ 23 psi and the  f i w  is 10.74 gprn . Tt may

be r1oter tha t the boots trap pressure line (4”-— 2 tC) arr1 the accumulator line

(
~ 

4’-2Q5) have r -~ flow and 0 . pressure dror’. Also , looking at the reservoir

retu rn line (2 3 C ’ — 2 5 0 )  and the pump suction line (?( ~—5), system flow is

Icing ma” e up for the system from the reservoir because the ur.balancec area

ac tua to rs  are ext -’r .~’Ing .

-
. 
“ ' ‘i t 4i o r ,  of f l ows wi l l  sh ow tha t- the flows are Lalar ,c~ ” wi thin . C— l c~~’~

L f  co u rr °  the flow changes across the pistons of the unbalance” area actuators .

‘“hi’ flow at the ounc is balanced where the f l o~’ out 1.he pressure port

(j(1 .74 gpm) plus the case drain flow (.82 gp~i) equals the flo~ in. th.-’ suctton

r’ort (11 . €i gpm )

I 1 1 ’ F i t ’ C’ I— t g iv~- ’ —~ t) r ’ ’ 4~; l i r t ’ p n i I I t  I I I  ‘ i .  ‘Fbi ’  pu mp i.’. I ’ - I ’  F I ’ t ’ ” ’, ’-4111 ’ l ’ ( wi t’ II’fl I ~i )

i ,’,’ ’ , F ’ ’ I I  Li , 1-ir ’ d6 . Y~ p ’~i w h L c h  5.4 1 ’ ‘-, t . i h h s h t ’d  i t  t h i s  ) l ’ \ ’ i ’ (  i i ’  I ( i ’ 4 e  nf  rh’

ret 1 1  H sy st , ’!TI 1 1 1 w  gr.~d i&~nt und t i , i ’  I’ i ’ ’ 4 t r i c t & ’ d  c isi’ d r : i i n  1 liii ’ . The l iv i l ’ i L l

‘I I’ ct  ‘4 I i )  ! I i( ’t I’ .l’~ 3 ’  the I O I O I  ps i r .it C l  pump p r e s 4 l I I ’ I ’  ‘l i t  t o  1 0 2 ) .  ~( )  hei ’:i,i~u’



0 2
N N
0 0

IL’ 
I,-

In a:,.,3.,a:,z a: .00rC.,~~a~~n.-
— ON 00 a:0 ,4’lr ,z, -.A .~

~ ,t,~~N na, 1-JOOaC.,-.
ID
UI ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 N ’A O~ f~~~~_I ~I

r 00C300000000000000
—
413 InNz
A.

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ N OC)00000000000000
UI 000ei.D 0 00000C,0000
ILl 0000000000 OC, 0000
- . LU

• 3M 00 _r .7 ,o .O 0..

: .~~ In a a: 0 a:c 0 ‘3030”  NOILJOILj * 4
• _j A 1 r.j 1 Iar I’’ C. . (‘1 C’ , , ’ ”  rI,”,. 4’ r’,j 4’ I,...
— 

~ ‘3~~~~~~~~~~~~~~~~~~~~~~~ C 9  I-.
A.IA. a. — 0000ICC’OCQC OcOOOc’
A’ ,.J0000 ID00000ID0000
A’ N Q0Q~~~~00O00O0OC3QO— I .-. . W O O .

LI 004’4’a,4’,t4’Z.t4’,7,J~,Q,C ~~ 2
.4 ‘4 — —— 2 .....
a. C’COOOIDCDCOQQQQIDOOO A

a ~. G’3QC’0000000 COC.000
C N C C O C 4 Oc300000C’OOQOO ‘4 — Z

— z U..~~~~~LLJ— LI A . 0 a ,~~~ 3- 4 ’ 4 ’ 4 4 ’ 7 , Z~~ .4 S ’S C..I ,t u-)
7 .‘A — — .7”) C) CC C 00000 00000) LU

00003430
-1 ., N ~~(,. .,1 ,,,‘041. CI’.. 000C, ‘DC 017 -~~

— . L4J
• LI OCA I0( -s C ’3,( InCOLI
• ‘~ ,c’.r.’.C. ,C,, I,) a -t r’..e— a.. a: 4

• ‘.. ‘ C , o, ,,c oroc or <~~<-,<,, 
~~~ 

* “‘.1_ C.. “A”. “ C .N 
x

17C 0” 17 I”’3.) 0’,~ 0 C 0 *
- 4/ C ’  C :r  03 400  (~~r 0C~ ~~

4’ C- I’ 01 CC. C. I” Cl,’ 414. CCC 14 L’ In
—l ~~~~~~~~~~~~~~~~~~~~ ‘I C.” ‘ 11/1 

~~ C~C ‘.~ C. cc C C 0<,, 0C (4’ 4’ ‘DC- ‘ . ‘ c r 4 1,  “A ” C I ’ S’ Cc .~~ OP “1 C’ I’)’,,
— 34.1. 4’,’.OL) O’C’ OL, Q 4 / , L’,. ’.),.l

I,,) 4’ ’. C t.C’ C flu’ C l / I  L” (~ (“ It C A”
— $~~~~,‘. _,r ’p. r- a ,r” ’.r. .- . a

C “. C “0 <’ C) C. 01’) 011)01” 1”~ Cl 0 ‘ A ,’ “ A I’ ‘~ C . ’  1 -
4—’ _ L71.. 0IC,.0I,.00000C,CIC,0
‘I/ C, LI ‘ . C.,,,, C’. 304/. 0 C, 4-I “‘C’) C. 0

— LI 0’ 1 4 ’ . 4.11’ 14” ‘7 II’ - ‘7~ 0/10 ‘0
‘I F “ ‘ / ‘  “ , 4” 1 ‘ 4 1  C. .41 14 1” t ”

T

2

7

‘I

44



-A035 611 MCDOMIELL DOUGLAS CORP ST LOUIS MO F/S 1/3
AIRCRAFT HYDRAULIC SYSTEMS DYNAMIC ANALYSIS. VOLUME V. STEADY S——ETC (u)
FEB 1? R LEVEk. B YOUNG F33615—74—C—2016

UNCLASSIFIED AFAPI. TR 76 03.. v3L S NI.

~~~~~~~~ 

~~~~~~~~ ~i a



i f i ’  .0 1
1. 1 ~ 2 O

• _ _

• 
• ~ftfl I 

.25 fl~j L~Z~ lli~U6



r.a -. 0
0 0 I - C

• IJ  —. IL~. —~ . • VI 0o -. -. 0 ~~~~ 0 a0 —0 -. p.
o p. t.) I-

— o  -~~~~~~p. 0. 0 0.4 l J0
— a
C’ 00
00

e w e  7
I -~ 0
— • — 0. 0
~8 00 — IJ 0a a
I’.
a

l’J 0 01. 10  7 0..~ • a 00 P0 •I- .7 0’~ ’ T 0
> _4 7 • •

aI-

.7 — 0- 0 a 0m 0

00
a 0 a 00
O e.i I-. 00
a ‘~

0.7 I-. 0.s 0 C • I—m e  I- l 0• , • • a 0 lU
• — • 00 0 0..
• ~ r.j • 00 m
• 0 . 0 •  •-J 0 00 4 0 0
-7 ~~. .7 .4 00 • 0m a 000

0 l~~ ~ J —— ~ u.~ C.. 70  a I-a w • p. , I•— t•p. a a
I p. 0- 0 W O O .p. .4 z o o  0 ~~ Z.4 O Cr) 

~
. T • 2 —a a — 00 4 a 0

a 0 p. a a 4se~ 0 ‘.~ “i” a a 7- — L~. ZUJ • — ml’. U. C~ w— — .7 0 a (I)
> — — a. 0-j V~ .4 z r o
.4 0. •p. a. a 0

t.. 00
0 l ’J 0 .4 .4 ll ’0 • p..
— ~~ 0 u~ fv~~ •L — ~ 4
Z .4 4 m 0

u. 0 LU
—~ . 0- p..

,~ .7
a I,,

• — C
• ~.. 0 00
• .4 00’ p.. 0
• — 4- S~. ~~ 01. 0a • • p.. •.7 .t~~ — p.j

In -.p.

0
0 — — ~~~~0.7 • IOj 0

a ~‘. 0~~ a
— 0 u ~ 00 — ~— l’~ 00

1.1 .7 .7
7 7

0 00 
‘. 00. 1 . 10m • ..~ 00 In o.s .

1.) 
~‘ 000 00 .4 p. IA

I, — • •  —I
.4 0 In 4.7
1.) -~a a a 0o p.j
—. Al 0 .4 • •  .4 0-

~~
. • In p.j 4%0 In 0.) 0t, 0 0- •P. —~ ~.4-, a 1.P~~~~~~~In . S -,

—
~ $ • •  . 40

• 0 ....~~~~~ 0 p.
* —. 0 .4 p. 4 4•. .4 4.13 s- • (, —— 8. —1

7 1._I 0~ In-, r V. 0~

3-6



I’ —
0
Ow
C
p..
p..

. 7 . 70 . 7 7 - a  a o a  a . ?  0 0 0 7 - 0 . 0 7 -  r- c o o -.
— 7 - 7 - O P .  ‘ C w 4 • ’ 0 AJ . 4 7-  4 - ’ C  0’. I A 0 . 0  0 0 . 0

. • .
0 0 0 0 0’ 0’ 5 0’ Il l 0 0 — — 0 0

i~~ — — ~. — — — — — — —I~ -. Cl)
C,
LU
-J

In

a
C

a — . 4 . 0  C o  a 0 7 - 0 a~~~~. 7  A .7 A. ~~~~~~~~~~~~~~~~~~~~.i 001c 000 .~~ 0 0 m 0 1(1 0 0 IA a~ .~
- — .4 7 0 .o a a —

in a— I • S • • •
a .i 0 7 - 0  .0 O 0 0 I A ’C .c p- ~~~~~ a a. ~~~ a W O ~~W — 7- .0 7’ t .0 g A. A. .4 .4 a or

o In— — a A. — IA P. 4 P. .0 .0 2
a 10. AJ A. ISO

a.
c. a
7
.4

-.
*

<0
X Z

-. a

to S • • • • • — I • • . . .
U’ II ’ 0 0 5 0’ 5’ 0 V ’ . IA 0 C I A C O  55 0 0’ 0 0 0

Z.. 4•~ 14’ 4- ~ — .7 II’. P .0 — — e vs a a a o a 0
I’. — — — 7. — — Al 100 P0 A. — —i

Z4.~ U..
I I  I I P I I 5 $  I S I I I S S I I I I
. S • • • • • • S • • S

0- C 0 0’ 0 II ’ II’. .4 55 55 0 0 IA 55 Q IA It’ II ’ 5’ IA 0
1*- — .7 .7 .0 .4 IS’ A 0 7 P. .4 — it’. IA ‘C a a 0 7 0
7-S — .4 — .4 A. A.

a
Is
a

7

Is

In
C
I.-

-j
a
U
.4
05

7
.4
II.
V.
I. .

I 
- .



ISO
0
ISO

4 0
p.
p.

100 O P . P .  P 0 00 0  . 4 P 0 . 7  4•~~~~0 . 7  a a- a
0.~~ It’. ISO .0 ISO .0 0% 55 .0 — 5’. .0 0 7- 04 445 IA IA
,c, . . . • • . .

1441 P. a IA a 441 II’. .7 .7 .7 P. 05 III .-4 0 .0 d’J PIt 0
ISO — 0 W 0 .0 .0 0 0 ISO 0 0 04 P. a it’ U’. IA

o~.a 0 00 0  0 . .o a A . a’ C P . a o  2
a — 0’. . 4 0 0 0  04 Al Al — .~4 ,w Al 4 —

0. 2
CO, 0
LU 2

>.O
.4
0- 1 <C
C

CD P- i-0-
— . • • • ~ çz

— 0 0  5’. I A 0  — —
O .r .0 IA 5 5 . 4

z 
-. ... Al ~~ 02

p p
fl P0W • • •
~~ 0—C C~ 0’ US 0 IA CI IC~ 0 0 55 0 IA 0 54’ 0’ Co 0’. 55
In ~ T 4 ’C  . 0 7 0 00  Al 4 . 4 0  ‘C I.I 0’ ‘C
In z ~~ Al ,.i P0 P0 — 1J .-i 7.0 7. 7.
‘Is
a ~ I I  I I I
a. • • •

I4’ IA IA lA O
m It’. ... 0. ,...

—
I- 

~~~
cJ)

7 LU
LU

C-
0.

0- Cl)
Cl)I

jot 0. a a ~~ a~~~~- > f t  ILl
‘ii. W 400 ILl In > > > 000 0- 0- 4.1 000 Iso £ It’ In I

‘. U. 000 -‘ .. 1 -~ -~ 100 1.0 1., 4.o Mo ~~ Mo 000 0.
1.015 a. p . o - a >> >  > 0 -  ~ s- p - a  a a 0.
7
-S

— a
a

a
Mo
a

7

Mo
IC
C
I.-

Is.
-j
a
£
.4
Vi

7
C
U.
In
Pt’

3-8



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—6 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 .

3—9
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3.3 Other Out~~t 1~ypes

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

output in computer plot form for specific case studies. This meth od is

being studied for feas3.bility as a general SSFAN output type. These

inel~~e st~x1ies of subsystem operating times with variations of load and

fluid temperature.
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