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ABSTRACT

An existing capability developed by the authors to conduct modal flutter
analysis of tuned bladed-shrouded discs in NASTRAN Level .17.7 has been mpdified
to facilitate investigation of the subsonic unstalled flutter characteristics of
advanced turbopropellers. Tk: odifications pertain to the inclusion of oscilia-
tory modal aerodynamic loads of blades with large (backward and forward)varying
sweep.

This report presents the Theoretical, User's, Programmer's and Demonstra-
tion manuals for this new capability in NASTRAN Level 17.7. The work was con-
ducted under Contract NAS 3-22533 from NASA Lewis Research Canter, Cleveland,

Ohio, with Mr. Richard E. Morris as the Technica® Moritor.
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MODAL FLUTTER ANALYSIS OF ADVANCED TURBOPROPELLERS

1.1 Introduction

An existing capability to conduct modal flutter analysis of tuned bladed-
shrouded discs in NASTRAN {Ref. 1) has been modified to analyze the subsonic
unstalled flutter characteristics of advanced turbopropellers in NASTRAN
Level 17.7.

The modifications pertain to the inclusion of oscillatory modal aerodynamic
loads of blades with large (backward and forward) varying sweep.

The following section summarizes the theoretical aspects of turboprop

flutter analysis from Ref. 2.

1.2 Theory
Multi-bladed advanced turbopropellers are geometrically cyclic structures

with thin blades of low aspect ratio and varying sweep. The blades are mounted
on a relatively rigid hub and, therefore, can be considered to be structurally
independent. This permits modal analysis of only one root-fixed blade without
recourse to special harmonic analysis techniques applicable to cyclic structures.
From a flutter aerodynamics viewpoint, the estimation of the generalized oscil-
Tatory aerodynamic loads on the propeller blades depends on the aerodynamic
theory employed. In the present capability, the two-dimensional subsonjc cascade
unsteady aerodynamic theory of Jones and Rao (Ref. 3} is applied in a strip
theory manner similar to that of Barmby et al (Ref. 4) with appropriate modifica-
tions recognizing the variability of the blade sweep and chord with radius.

To facilitate the use of the two-dimensional cascade theory, the aerodynamic
model of the blade is based on a grid defined by the intersection of a series of
chords and "computing ste*ions" as shown by the tnick solid 1ines in Figure 1.
The chords are selected normal to any spanwise reference curve such as the blade

leading edge. Due to its resemblance to the structural model of the blade, and the

1.1
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7 adequacy of a relatively coarse grid to describe the spaswise flow variations,
N the aerodynamic model is chosen as a subset of the structural model.

i The modified two-dimensional cascade theory is applied on each of these

- chords to determine the generalized aerodynamic forces acting on the associated
[E strips. The strip results are added to obtain the blade'aerodynamic matrix.

i? An overall flowchart for modal flutter analysis of advanced turbopropellers

is shown in Figure 2.
The User's, Programmer's and Demonstration Manuals are presented in Sections

- 2, 3 and 4, respectively.
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Figure 1. NASTRAN Structural and Aerodynamic Models of
the Advanced Turbopropeller for Flutter Analysis
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MODAL FLUTTER ANALYSIS OF ADVANCED TURBOPROPELLERS

2.1 Introduction

Subsonic unstalled (modal) flutter analysis of advanced turbopropellers
can be conducted using this capability. The AERO APPROACH Rigid Format 9,
Series R, in NASTRAM Level 17.7 (Section 2.6 ) with modified functional modules
APDB, AMG and AMP forms the basis for modal flutter analysis. Section 4
demonstrates the use of the capability. Section 1 presents the theoretical
aspects.

2.2 Sclution Phases

As illustrated by the example in the Demonstration Manual (Section 4), the
fiutter analysis can, in gereral, be conducted in three phases--phase 1 to
generate differential stiffness, phase 2 to compute natural modes and frequencies
and phase 3 to compute Flutter eigenvalues.

Phase 1 uses DISP RF4 while phases 2 and 3 use AERO RF9.

2.3 NASTRAM Model

With the assumption of tuned blades mounted on a relatively rigid hub, the
user models one blade of the advanced turbopropeller as shown in Figure 1.

The structural model is prepared using the general modelling capabilities
of NASTKAN. The basic coordinate system is fixed to the rotating propeller such
that the X-axis always coincides with the axis of rotation and is directly
ouposing the flight direction. Location of the origin is arbitrary.

The XZ plane is approximately located such as to contain the maximum pro-

jected area of the blade being modelled. This orientation is consistent with

the internally generated chordline coordinate systems for the unsteady aerodynamics.

The aerodynamic model cumprises a ¢grid defined by the intersection of a
series of chords and "computing stations" (Figure 1). The chords are selected

normal to any spanwise reference curve such as the blade leading edge. The

2.1
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choice of the numberand lTocation of the chords and the computing stations is
dictated by the expected variation of the relative flow properties across the
blade span, and the complexity of the mode shapes exhibited by the propeller
blade. Due to its resemblance to the structural model of the blade, and the
adequacy of a relatively coarse grid to describe the spanwise flow variations,
the aerodynamic model is chosen as a subset of the structural model as shown in
Figure 1.

The aerodynamic grid is specified on STREAML1 bulk data cards.

2.4 Remarks on the Use of Some Cards

As noted in the Theoretical Manual (Section 1), the present capability to
analyze turboprop flutter is derived by modifying the modal flutter analysis
capability originally developed for bladed discs. These modifications as
reflected in the user input preparation are discussed below.

The NASTRAN card is required for flutter analysis only if sweep aerodynamic

effects are to be included. It is placed preceding the Executive Control Deck, B
and is specified as
NASTRAN SYSTEM (76) = 1
Section 2.1 of the NASTRAN User's Manual, and Section 7.3.1 of the NASTRAN
Programmer's Manual discuss this card in detail.
In Tight of the assumption of structurally independent blades,
a) CYJOIN bulk data cards are required merely for their presence in the
Bulk Data Deck,

b} PARAM KINDEX is set to zero to save computational time in the real

eigenvalue extraction process and
c) PARAM MTYPE is set to COSINE (default) because of KINDEX = 0.
The STREAML2 bulk data card (see Section 25) has been modified to include
the parameters associated with the swept blade aerodynamics. Figure 2 defines

some of these parameters. In this figure, AB_, AB and A,B, represent three

2.2
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successive chords with points A's on the leading edge. For the chord AB, at
any operating condition Wﬁ'represents the absolute inflow ve]ocity_Whi]e 1)

(= T x ﬁﬁ) is the blade (tangential) velocity. WA and AU uniquely define a

plane in which the inflow properties are defined.

VA

In the plane WAU, VA = WA - ﬁﬁ'represents the relative inflow velocity.
fi'represents the chordwise, cascade relative inflow velocity (Field 2, con-
tinuation card). Mach number in Field 8 is based on CA. Al is the line of
intersection between the axial plane through point A and the plane WAU. Angle
IAV defines the relative inflow angle B (shown positive).

The angle of sweep A is defined as the angle of inclination of the chord
BA with the plane WAU. A shown in Figure 2 is positive.

AD is the projection of AC (BA extended to C) in the plane WAU. Angie IAD
represents the stagger angle X, and is shown positive.

A local coordinate system xyz is internally defined at the Teading edge
point A of the chord AB such that x is directed along AB. y is defined normal
to the 'mean' surface containing the points A_, A, A, B_, B and B_. The unit
vector along y, for the sense of Q shown in Figure 2, js given by
1 [RB) x @) (W) x (RE)

218, x (R (A) x (BE)]

[IPRYN

Modal translations along y and rotations about X are used in deriving the

generalized airforce matrix. For the opposite sense of rotation, Xyz is internally

defined to be left handed with ¥ reversing direction. The shaded area about the
chord AB represents the strip of integration associated with AB.

The FLFACT, FLUTTER and MKAEROi bulk data cards (Section 2,5) have been

modified to specify the interblade phase angles. Referring to the sketch below,
a positive interblade phase angle implies that blade 1 of the two~dimensional

cascade leads the reference blade 0.

2.3
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Section 2.5 contains all the bulk data cards associated with aerodynamics

data specification for the turboprop flutter analysis. Section 2.6 describes

all the PARAMeters.
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Input Data Card

Description:

2.5 BULK DATA DECK

AERP Aerodynamic Physical Data

Gives basic aerodynamic parameters.

Format and Examples-

ORIGI(AL pacs I8

OF POOR QUALITY

1 2 3 4 5 6 7 9 10

AERD ACSID VELBCITY| REFC RHBREF | SYMXZ SYMXY

AER® 3 1.3+4 100, 1.-5 1

Fleld Contents

ACSID Aerodynamic coordinate system identification (Integer > 0). See Remark 2.

VELACITY Velocity (Real).

REFC Reference length (for reduced frequency) (Real).

RHOREF Reference density (Real).

SYMXZ Symmetry key for aero coordinate x-z plane (Integer) (+1 for sym, =0 for no sym,
-1 for anti-sym).

SYMXY Symmetry key for aerc coordinate x-y nlane can be used to simulate ground
effects (Integer), same code as SYMXZ,

Remarks: 1. This card is required for aerodynamic response problems. Only one AER@ card i

allowed.

2. The ACSID must be a rectangular coordinate system.
direction.

1. Refevemce Lol b= ReFc /2

F——23

Ce-5)

Flow i5 in the positive x

5

2.7
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» Input Data Card
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BULK DATA DECK

FLFACT Aerodynamic Physical Data

Description: Used to specify densities, Mach numbers or interblade phase angles,
and reduced frequencies for flutter analysis. '

T T T R T T TS R MRS 1 S T WY i e i g s
r—
2

Format and Example:

- 1 2 3 1 5 6 7 8 9 10

} ; FLFACT SID F1 F2 F3 F4 F& Fé& E7 ARC

FLFACT 97 .3 .7 3.5 abg

g +BC F8 Fa ~-gtc.--

B Alternate Form:

- FLFACT SID Fl THRU FNF NF FMID

; FLFACT 201 .200 THRU .00 11 .133333

- Field Lontents

- SID Set identification number (Unique Integer > 0).

r: Fi Aerodynamic factor (Real).

— Remarks: 1. These factors must be selected by a FLUTTER data card to be used by NASTRAN,

_i 2. Imbedded blank fields are forbidden.

- 3. Parameters must be listed in the order in which they are to be used within the

g looping of flutter analysis.

- 4,

i:ﬂra-ar;l —

L

P |

| T

For the alternate form, NF must be greater than 1. Fmid must lie between FI and
FuF? otirerwise Faig W11 be set to ?F] + FNF)/2' Then

Ry (PP NF=1) 4 Fe(F L oF )T

s = = - . I = '2"..’
i (FaF Frag ) NF=1) + (F L -FTGAT) i=n NE

F

The use of Fmid (middle factor selection) allows unequal spacing of the factors.

Frid = ZFTFNF/(F]+FNF) gives equal values to increments of the reciprocal of F].

2.8
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Input Data Card

Description:

ORIGHAL s 5
OF o b
BULK DATA DECK POoR QUALITY

FLUTTER Aerodynamic Flutter Data

Defines dats needed to perform flutter analysis.

Format and Example:

1 2! 3 4 5 6 7 8 9 10
FLUTTER | SID METHRD [DENS  |MACH  |RFREQ [IMETH | NvALUE |EPS
FLUTTER |19 K 11¢ 219 (319 {s 5 1.-4
Field Contents
S1D Set identification number {Unigue Integer > 0).
METHRD Flutter analysis method, "K" for K-method, "PK" for P-K method, "KE" for the
K-method restricted for efficiency. |
DENS Identification number of an FLFACT data card specifying density ratios to be
used in flutter analysis {Integer > 0).
MACH Identification number of an FLFACT data card specifying

RFREQ {or VEL)

IMETH

NVALUE

EPS

Remarks: 1.
2.
3.
4,

The

The
the

The

MACH numbers or interblade phase angles (m) to be used in
flutter analysis (integer > 0),

Identification numher of an FLFACT data card specifying reduced frequencies (k) tee 7
to be used in flutter analysis (Integer > 0}; for the p-k method, the velocity. C

Choice of interpolation method for matrix interpolation (BCD: L = linear,
$ = syrface).

Number of eigenvalues for output and plots {Integer > 0).

Convergence parameter for k; used in the P-K method (Real){default = 10-3),

FLUTTER data card must be selected in Case Control Deck (FMETHOD = SID).

density is given by DENS « RHPREF, where RHRPREF is the reference value given on
AERP data card,

reduced frequency is given by k = (REFC.w/2-V), where REFC is given on the AERD

data card, w is the circular frequency and V is the velocity.

An eigenvalue is accepted in the P-K method when |k - k

estimate] < EPS.

2.9 ‘
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BULK DATA DECK

Input Data Card  MKAERP] Mach Number « Frequency Table

Description: Provides a table of Mach numbers or interblade phase angles (m)
and reduced frequencies (k) for asrodynamic matriz calculation.

Format and Example:

e —— . —— e i Attt L s e,
If-,.‘-wvs]

R R oy

L L

1 2 3 4 5 6 7 8 g 10
MKAERPT | my My m3 Mg mg mg my mg ABC
MIKAERDY| .1 .7 +ABC
+BC L3 k2 ky k4 k5 kg ky kg
+BC .3 b 1.0
Field Contents
m, List of Mach numbers (Real; 1 < i < 8).
kj List of reduced frequencies (Real > 0.6, 1<jx8).

Remarks: 1. Blank fields end the ]iét, and thus cannot be used for 0.0.

2. All combipations of {m,k) will be used.

3. The continuation card is reguired,

4. Since 0.0 is not allowed, 1t may be simulated with a very small number
sych as 90,0001,

5.

Hach numbers are input for wing flutter and interblade phase angles for
blade flutter.
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BULK DATA DECK

Input Data Card MKAERP? Mach Number - Frequency Table

Description:

Provides a list of Mach numbers or interblade phase angles (m) and
reduced frequencies (k) for aerodynamic matrix calculation.

Format and Example:

1 2 3 4 5 6 7 8 9 10
MKAERD2 | ™ Ky My ky My k3 my kg
MKAER@2 | .10 .30 10 .BO .70 .30 .70 1.0
Field Contents
m, List of Mach numbers {Real > 0.0).
ki List of reduced frequencies (Real > 0.0).
Remarks: 1. This card will cause the aerodynamic matrices to be computed for a set of parameter
pairs. '
2. Several MKAERPZ cards may be in the deck.
3. Imbedded blank pairs are skipped.
4. Mach numbers are input for wing flutter and interblade phase angle for blade

fiutter.

. l‘!'ﬂ""‘,w



N

- —
P

CRIQIMAL PAGE (5
OF POOR QUALITY

BULK DATA DECK

Input Data Card STREAMLI Blade Streamline Data

Description: Defines grid points on the blade streamline from blade leading
edge to blade trailing edge.

Format and Example:

) 2 3 4 5 6 7 8 9 10
STREAMLY  [SLN Gl G2 63 64 65 s 67 +ABC
STREAML) | 3 2 4 6 8 10 B
+ABC G8 G9 -etc-
+ABC

Alternate Form:

STREANML] SLN GlD1 "THRU" |GID2

STREAML] 5 6 THRU 12 :
|
Field Contents |
SLN Streamline number (integer > 0).
Gi, GIDi Grid point identification numbers {integer > 0},
Remarks: |

1. This card is required for blade steady aeroelastic and blade flutter
problems.

2. There must be one STREAML! card for each streamline on the blade,
For blade flutter problems, there must be an equal number of STREAMLY”
and STREAMLZ cards.

3. The streamline numbers, SLN, must increase with increasing radial

. dfstance of the blade section from the axis of rotation, The
lowest and the highest SLH#, respectively, will be assumed to
represent the blade sections closest to and farthest from the axis
of rotation.

4. A1) grid points should be unique,
§. A1l grid points referenced by GID1 through 8102 must exist,
6. Each STREAML) card must have the same number of grid points. The

nodes must be input from the blade leading edge to the blade
tralling edge in the correct positional order,

2.12
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Input Data Card

BULK DATA DECK

STREAMLZ

Blade Streamline Data

Description: Defines aerodynamfc data for a blade streamline.

Format and Example:

STREAMLZ | SLN | NSTHS | STAGGER | CHORD | "poalol | BSPACE | MACH | DEN | +abe
STREAMLZ | 2 3 23.5 1.85 6.07 .886 .934 .066
+abe VEL | guond/ |
+ABC 1014.2 | 55.12 [
!
Field Contents
5Ly Streamline number (Integer >0) :
NSTNS Number of computing statfons on the blade stream]ine. g
(3 < HSTHS < 10, Integer) R
STAGGER Blade stagger angle (-90.0 <stagger <90.0, degrees)
CHORD Blade chord {real >0.0)
RADIUS/DCBDZB Radius of streamline for flutter analysis without sweep effects .
(real »0.0) or |
aC/aZ for flutter analysis with sweep effects, T fs the swept L
chord and 7 is the {local) spanwise reference direction (real) ;
BSPACE Blade spaciug (real »0.0)
MACH Relative flow mach number at blade leading edge (real >0.0) ?
DEN Gas density at blade Teading edge {rea! >0.0) ;
VEL Relative flow velocity at blade leading edge {real >0,0)
FLOWA/SHEEP Relative flow angle at blade leading edge for flutter amalysis

without sweep effects (-90.0 <FLOWA <90.0 degrees)

or

Blade sweep angle for flutter analysis with sweep effects

(-90.0 <SWEEP <90.0 degrees)
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Remarks:

1.

At least three {3) and no more than fi7ty (50} STREAMLZ cards are required

for a blade flutter analysis.

The streamline number, SLN, must be the same as its corresponding SLN on

a2 STREAMLY card. There must be a STREAML1 card for each STREAMLZ card,

It is not required that all streamlines be used to define the aeradynamic

matrices used in blade flutter analysis.

For flutter analysis with sweep effocts, the use of the NASTRAN card is
required as follows:

NASTRAN SYSTEM {76) =1

Refer to Section 2.1 of the User's Manual and Section 6.3.1 of the Programmer's

Manual for description and placement in the Executive Control Deczk.
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2.6 COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS
’; 2.6.1 DMAP Sequence For Compressor Blade Cyclic Modal Flutter Analysis
{_ RIGID FIRMAT UMAP LISTING

‘ AERG APPROACH, RISID FURMATY 9
ff LEVEL 2.0 NASTRAN DMAP COMPILER - SDURCE LISTING
-

(' DPT JONS IN EFFECT® GO ERR=2  NOLIST NWODECK NOREF  NOUSCAR

- 1 BEGIN AEKD MU, 9 COMPRESSUR BLADE CYCLIC #MODAL FLUTTER ANALYSIS

- 2 FILE PHIHL =APPEND/A JJL AP PEND /F SAVE= APPENU/CASEYY= AV PEND/ CLAM AL S
[ APP ENO/UVG=AP P NJ /UHHL=APPEND &

‘ 3 GEIM 1 ,GEUMZ,/GPL EQE XIN,GPUT,CSTM,BGPOT,SIL/Y,NILUSET/ VN,
- KOGPODT & ‘
-
| 4 SAVE LUSET,.NOGPDT §

EHROR L +NOGPDT &

é

CHKPNT GPL+EQEXIN.GPOT L E/M BGPOT,SIL &

o

T PURGE UVIJE,D2JE/NDIJE &

GEO42,EQEXLIN/ECTY &

é

CHEPNT CCT %

o0

T

10 FLOMBoEQERINIGEOM2/ GPTT/V N NOGRAY &
1l ChrEPNT GPTT 3

ECT+EPTyBGPDY o SIL «GPTTCSTHM/ESTGEL sGPECT s/ VN LUSET/ Vol !
NOSIMP/C N oL/ VoNo NOGENL/V N, GENEL & ’

12

13 NUGENL yNUSLIHMP ,GENEL 3

ERRUR I yHOSIHP &

L7
> >
< -
m

i 14

15 UGPST/GENEL ¢

'
[
x
¥

m

16 CHKPNT  EST,GPECT,GE! (UGPST 3

L7 PARAN Z7/CoH o ADD/ VN JNUKGG X /C oN ol 7C 4 NoO 6
i 18 FARAN 77CoN ADD/Y N ¢oNOMGGZC oN 31 /CoNyO &
19 PARAA £/ CoNGNOP / Yo VeHUGIN=-L B

20 JMPKGGIN KGGIN &

b

21 (PAHAY F/CoNyADD /VeN NORGG X Z0oNe-1 ZC.HN.0 5

22 FRTOTAMigooo /2 o Vo LOCATIUNG=) JCoV I NPTUNIT=D §

268
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_RIGID FORMATS

RIGID FOKMAT OMAP LJSTING

AERU APPRUACH, RI1GID FURMAT 9

23
24
25
26

27
28
29
30
3l
32
33
34

35

w
o

VidiHle

7
38
39
40
41
42
43
44
%5
46

LEVEL 2.0 NASIRAN DMAP LOMPILER - SOURCE LISTING

\

CHRKPNT

LABEL

]

SAVE

CHEPNT

06

CHEPNT

LABEL

LAUBEL

:

CHKPRT

o0

CHEPNT

L ABEL

y

- CASECC.GEDM4, EQEXLIN, GPOTBOPDYCSTH/ RGo oUSET.ASET/  ViNe

KToTAL  KGLX 8

KGGX $

JHMPKGGIN %

ESTCSTHM MP T DIT,CEOMZ . /KELM, KUICT  HELM 4DICT , o/ V 4Ny NOKGOK/ ¥,
ByNUAGG/C N /0 oNe /0o Ny 70 o Yo COUPHASS/C oYy CPBARZC oY o CPRUDS (oY
CPUUADL/C, Y L PJUADZ/C, Y LPTRIAL/C Y CPTRIAZ/C,V ,CPTUBES €V,
CPQDPLT/C Y 2PTRPLI/C,Y,LPIRBSC §

NDKGGX,NUMGG $

KELM RUICT,MELM,MDICT 8

JHPKGOX NOKCS & 8

GPECToKUIC T RELH/KUG X406~ ST &

KGGXoGPST §

JUPHGGH & ’ W
ERRUR 1 ,HUMGG

GPECTyMDICT\MELM/MGG + /0 oNo=1 /Ce ¥ oHTHASS=1,0 5

MGG 8

LGP HG s GROPNT B

BGPOT,CSTMEQERIN MG /LG PHG/V oY fGROPNT==1/Co% HTHASS 8 ‘
OGP AGyreee/f &

LGPHG 3

KGGX+ KGG/NOGE NL §

KGG 5 \
LBL11,NOGENL $ '
GEF KGGR/RKGG/ YoN  LUSET/V,NoNOGENL/Y N NOSTMP 3
kGG & ;

LeLtl 8 : :
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FURMAT DRNAP LTSTING

AERO APPRUACHy RIGID FORMAT 9
LEVEL 2.0 NASTHAN UMAP CUMPILER -~ SOURCE LISTING
LUSET/VINYMPIFL/VohoMPLF2/ VoMo SINGLE/ YV oNURIT/Y o N, REACT/ LMo 0/
VeNoRCPEAT/Vo N NUSET/VeNNUL/VoN,NOAZC Y ,SUBLD B
&7 SAVE MPCF 1o SINGLEsOMIT REAL T NOSET ;MPCF2 qREPEAT o NCLo NOA 8
48 PARAY F/7CoN g NIT/ZV N GREACOATA /YN, REALT §

49 ERRURS,REACLATA 3

y

50 PURUE GM GHD/MPCFI/GU,00L/0NIT/KFS ,QPC/SINGLE §

51 C(rCyY(l GEUMA EQEXING USET /CYCO/ VeV CTYPE / VoNoNUGD &

0

$2 Save NUGL %

53 CHPNT Cycu &

54 EKKUR 6,40GO 8

55 LBLasGENEL 8

56 GPL ,GP ST USET ,STL/USP ST/V, N, NOGPST 8
ST SAVE  NOGPST 8

58 LBL4sNOGPST &

59 OGP STyoere// 8

08

60 LaBiL L4 ¢

0

61 KGOy KNN/HPCFL /MGG ¢ MHN/MPCFL &
62 CHRPNT KNN, MNN &

63 LBL2+MPCFY 8

y

&4 Ctl USET«RG/CGM &
65 LCHEENT GM s

66 Us".'T'GM'KGGnMGngIKNNiﬂ.Nﬂop 5

y

67 CHRPAT KN MNN S
68 LABFL LeLz s

69 KNN K FF/ZSINGLE 7HNA +MFF /SINGLE 8

¢

70 CHRPNT KFE MFF B

2.17
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RIGID FORMATS

RIGID FORMAY DMaP LISTING

ASHU APPROACH: RIGID FURMAT 9

Tl
T2
13
7%
15
T6
T?
78
79
80
ai
82
83

84
£5
8¢

ar

88
89
0
£

92

93

Sl

LEVEL 2.0 MNASTRAN DMAP COMPILER = SOURCE LISTING

i

CHRPNT

LABEL

:

CHKPNT

iy

CHKPNT

MP2

y

CHEKPNT

LABEL

y

SAVE

EQUIV

SAvE

CHKPNT

il

SAVE

CHaPNT

LBL 3+ SINGLE &

USET o KNN sMNN,  FKFF oKF Sy oMFF o &

KFF K FS MFF &

LBLY %

KFF,KAA/OMIY/ MFF +MAAJICALIT &

KAA,MAA &

LBLSOMIT &

USET oKFF oo /GU2RAA KCOWLOU:y 099 5

GU;KAA %

USETGUMFF /MAA B

HAdA b

LBLS &

OYNAMICSGPLy STIL yUSET/GPLD y ST LD USETD yTFPOULyo o 0o o EEQ ECUYN/Y
NaLUSET/VNLUSEYD/V o NoidUTHL/Vy d ¢ NODLTZV o N NUPS DL/Y o N NOFAL /Y,
Ny NINLF [/V Ny NUTRL/ZV oNoNUEEDB/C,No/ Vo NoeNQUE 8
LUSETOy NUUE «NOEED B

ERRIR 2,NOEED $

GOy GUO/NOUE /3 MGMD /NCUE §

CYCO KAA MAL, 5y IKKKl-“KKV!I / CUN'FORE / ngvNSEGSU"l ,Vp"g
KINDEX=~1} / VoY LYLSEQ==1 / CoMol / VN NOGO 3

RUGY §
KKK e MK &
ERKIR 6,NDGO &

KKK[“KK||!EED;0CASECC / LAMKUPHIKG cQEIGS 7 Co Ny MDDES /YNy
NEIGY %

NETGY 8

LAMK o PHIKy ©QCIGS ¢

-
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FORMAT OMAP LISTVING

AERQ APPHRDALH,

LEVEL 2.0

RIGID FUORMAT 9
NASTRAN UMAP CUMPILER - SOURCE LISTING

¥4  PARAM FICoNMPY 7 VoNLARDND /7 CoNgO 7 CoNyO 3

95 COFP ) OEIGS:LAMKe1os // ViN,CARDNO §

96  SAVE CARDNO 3

57 ERI0R 4, NEIGY 8

58 CYCD s vy 1 PHIKILAMK /yooPALALLAMA / CoN,BACK / VoY RSEGS /Ve¥o
KINDEX 7 YeYiCYCSEQ / Comgl £ VyN,NUGO b

99 SAVE  NUGI &

100 CHRENT LAMA +PHIA &

101 ERRIR £, NUSD 5

192 USETssPHlAs ssGUGMerKESey / PHIGye / CoNel / CoNoREIG 8

103 CASECC,CSTNGHPT DI T EQEXINGSI LaooBGPOT (LAMA, (PHIGIESTas / o0
QPHIGeey / CoNGRELG $

104 IPHIGreorr// VyNoCARDND 3

105 SAVE  CARUND $

106 EOT,USET,BGPD T,CSTF,EQEXIN,GMGO / AERD, ACPT (FLIST o GT KA PYECT/
VaNpNKZV N NI VY oAl AMACHZ Yo Y o MAXHACH/ Vo Yo LREF/ Ve Vo HTYPE/V o He
NELGY/VY, Y KINDEX=-] §

107 SAVE  NKyNJ .

108 CHKPNT  AERO+ACP ToFLi ST,GTKA ,PVECT 8

10y

kil

990

112 SAVE
113 PURGE

114 guly

;

LLS  CrREPNT

lle

y

PHIAGPRVYECTy / PHLAKy o / CoNol &
PHIAX p4ARPHIAX pgo /7 ML 7 CoNg3/CoNol /CyNok/CoNO/CoNel &

CASECCMATPOJL yEQDYN o o TFPOCL/K2 PP HZPP BZPP/ Vo N LUS ETD/V 4 Ny
NUK 2P P /Y ) NINIM2PP /¥ NoNUBZ PP &

HUK 2PP s NUM2PP (NUB2PP &
K 2DD/NUK 2PP M 20D /NUM2PP/8200 /NOB2PP 8
H2PP i A20D/NUSET /B 2PP (B2JIO/NCSET/H2PPK2D0/NQSET &

K2PP H2PP B 2P P (K200 H2DD 820D &
USETDoGM GO oo vo o K2PP o HZPP B2 PP/ ¢ 0 oGHD ¢GOD, K200, H200, 8200/ Cy Mo
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RIGID FORMATS

RIGID FURYAT OMAP LISTING

AERU APPHDACH: RIGID FORMAT @
LEVEL 2.0 NASTRANW UMAP CUMPILER - SUURCE LISTING
CMPLEV/L oN (DI SP/C oNoMODAL/C ¢NoDa0/C o NeQ.07CoNi0 Q7Y oMo NOKZPP/ YV,
MoMOMEPP /V  Ne NUB2PP /YKy MPCFL /Y oNeSENGLE/Y o NoURIT/Y o Mo NOUES Gy
Me=L/C N =L/ oNe=1/C olo=2 §
117 CHKPUT K200 H2DD 8 200 (GOD LMD &

118 USETO PHIAKGAT JLAMK, DI T, H200 ,6200,K2D0, CASECC / MHH o BHHKHH,
PHIDH / VyN NUUE/C oY oL HUDE S3999999/C oY | LFREQ=D 0/ Co ¥y HEKEWa 0.0/
VN NUAZPP /Ve ko NOB2P P/ V4 Ny NOK2PP/V Ny NONCUP/ Yy 1o FMODE/ Co ¥,
KDAMP == 1

119  Savi NUNCUP , FHJUDE 8

120 CHKPNT YHH, 3HHy XHHPHIDH §
121 PARAML PCOB/IC,N.PRES/Can/C:Nu/C9No/VpNgNUFCDU 3

122 PUHGE PLTSEIA,PLTPAR LGP SETSIELSETS / NOPCDB &

123 Qunu ) P2,:uPCDR $

124 PCDB) EQOYNLES T / PLTSETA PLYPAR,GPSETSELSETS 7 YoM NSILL /VoN,
JUNPPLUT=-1 §

125 SAVE  NSIL1,JUMPPLOT 3

126 RTMSG) PLTSETRK /7 ¢

J

127 PA4RAM 70N gMPY IV N o PLTFLG /L N ol /CoNol 8
128 PARAM 70 oW e MPY/VY M 4PFILE/C oNo0/C oNO 8

129 P2, JUMPPLCT §

0

PLTPAR 4P SETS ¢ELSETS ,CASECCoBGPOTcEQOYNooop o/ PLOTRI/VoNeNSILL/
VeVoLUSFT/V N »JUMPPLUT/Y 4N, PLIFLG/V N PFILE 8

130

131 SAVE JUMPPLUT PLYF LG PFILE &

132 PLOTKL /7 8

|

133 LaABEL P2 %
ERADR 2,NUEED &

y

134
135 PARAM J/C o0 AUD/V N DESTRY /L sNoQ/C e Nol 8

AERUALP TZAJIL ¢ SKS WD LJK 02 K/ VoM oNK/ZY o No NI/ V Ny DEST RY &

y

138
137 Save DESYRY &

2.20
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

’ RIGID FORYAT DHAP LISTING

AERD APPRUACH, AIGID FORMAT 9

138
139

140

14}
142

143

153
154
155
156
157
158

159

160

LEVEL 2.0 NASTHAN DMAP LOMPILER - SOURCE LISTING

CHEPNT

&0

LABEL

PORAN

SAVE
CHKPNT
PARAH
PARAY
PARAN

' AR A%

0800

SAVE

y

SAvVE

008

SAVE

.

AJJL ¢SKJ,OLJ% D2JK &

NODJE +NUDJE 3

FOLIELD2JE ) 90 /0 oY o POSETI ONS=1 /L oY, UNI TNUHS A L/ CoY o USRL ABEL=
TAPEID $

NOUDJE &
FIC o NoADD/V N XOHHL/ZC oKyl /CeND &

AJIL ¢ 58S pDLJIK yD 2% 4G TKA o PHIOH D1 JEo D2 JC,USETDLAERU/ QHHL 4 o /Y,
NeNDUE/ZV N, XJHHL &

XQsHL B
QHHL %

FICyNgAPYIV N o NUP /L g No=L /C Nyl 3

F77Ce NgMPY/Y N oNOP /Lo KoL /C oMol 8

T7LaN 4P YAV g y NOH /C o I, 0/C oMol 8

17C N 4P Y/ N JFLODP/ Y Yo NUDJE==L /Co N0 8
LOUPTUP &

LUUP TOP §

KHHy dHH MHHy JHHL g CASECC yFLI ST/FSAVE p KXHH ¢ BAHH, MXHH/ Vo Ny FLOGP/Y
N.T5TART &

FLUUP ; TSTART 8

KXHH) BXHH MXHHEED fLASELC/PHIN,CLARA  OCEIGS/V N, EIGYS &
EIGVYS 3%

LULZAPGEIGYS 8

LOL 16.NUH 3

CASECCEQDYN, USETD ,PHIH CLAMA 4 /CPHIH,/C Ny CEIGEN/ Co N, HODAL /L,
Ny123/VeNeNUH /YN NOP /Y, N, FHODE §

NUH,NUR &

'LBL L6 NDH 8

2.21




LS W s =t e L

:-b-.-;l hﬁu--] f.g.,,,._l o i m

Lot S PRSI L Y SR

Wogrzam]

g e |

B lkaaiabband §

TR .

ORIGINAL PAGE Ig
OF POOR QUALITY

RIGID FORMATS

RIGID FURHAT DMAP LISTING

AERC APPROACHy) RIGID FURMAT 9

L6l
162
163

164

165
166
la7
168
159
170
171
172
173
1746
175
176
177
178
179
180
ta1

182

183
184

LEVEL 2.0 NASTRAN OMAP COMPILER ~ SOURCE LISTING

0

SAVE

LAUEL

SAVE

CHLPRNT

y

LABEL

y

REP)

y

LABEL
CHRPN]

PARAML

8

SAVE

|

L ABEL
PARAA

0 60

GER L

CreNT

OPHIHsoroe//VoN,CARDND %
CARDNU §

LiLle &

PHEHsCLAMAFSAVE /PHINL L LAMAL JCASEYY o OVG/ Vo My TSTARY/CoV o YREF®
1.0/Ce Y PRENTSYESE &

TSTART 8
PAIHL »CLAKAL,CASEYY, UVG 5

CONTINUE, TSTART 3

LBLZAP 3

CONTINUE FLDIP &

LOOP TOP,100 &

ERROR3 &

CONTINUE 3

ovG 5

XYCDB//C oN oPRE S/ oNo /C N /C o No/ Vo N NOXYCDB

NOXYUUT,NOXYCD® &

XYCOB 1OVGrsoe FXKYPLTCE/CoNeVG/CoN PSET/ Vo NoPFILE/Y yN,CARDND $
PFILE:CARUND 5

XYPLYCE/Z &

NOXYOLT $

F/CoNoAND/ZV N o PJUNP/ YN NOPe=1/ Vo N, JJHPPLOY 8

FINISPJUYP B

CASEYYoLLAMAL oPHIHL CASECC o9 /CLARALY (CPHIHL CASEEZ o o/ Ce Mo
CEIGN &

CPHIHY, PHIOH/CPHID &

CPHID &

2.22
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

RIGID FJRMATYT UMAP LISTING

AERU APPRAJALH, RIGID FURMAT %
LEVEL 2.0 NASTRAN UMAP COMPILER - SOURCE LESTING

185 Uty CPHID CPHIP/MOA 8

ld6 LUL L4,0A &

008

187 USETD g oCPHID,y ¢ oGOD ;GHD oo KF So o JCPHIP o 4QPC/C oo/ Cotho OYNANICS 3

188 LAaBEL LBlLle 3
169 CHKPNT CPHIP,UPC &

190 CPIHID CPHIA /NOUE 8

191 GoND D LBLNOE,NUUE 8

192 EC D USETO/RP /CyNyD/CoN oA /C oNIE 8
193 CPHID10RP /CPH LA 5o 0/C N ol /C oN 3 §

194 LABEL ° LBLNUE $
CASEZZCSTHMPT DI TEQUYNSILDso9sBGPOT ¢CLAMALL 0 QPC, CPHIPGESTyy /

195
cUJPCLeOCPHIP JUESCL UEFLL ¢+ PCPHEP/CoNLCEIGN 8

196 CHKPNT  PCPHIP 8

197 UCPHIP;UQPC 1y UESC L sUEFC] o5 // YN oCARDND

t98 P 3, JUMPPLOT b

199 PLIPARGGPSETS (ELSETS,CASEZZ+BGPOTEQDYNsSILDos PCPHLP, o/ PLOT X3/
VoNoNSIL 1/VoN o LUSET/Y,No JUSPPLUT /Y NoPLTFLG/Y o NoPEILE &

200 PLOTX3//

201 LABEL P3s

202 FINLS 3
203 LABEL  ERROR1 §
204 @RTPARID //CoHs=L/CoNsFSUBSON &
205 LABEL  ERKDRZ 3
206 /7€ o0 o= 2/C oN-F SUB SCN 6
207 LABEL  ERROR3 &

208 (@RIVARK) //CoNo=3/CoN. ¥ SUBSCN 3

2.23
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RIGID FORMATS

RIGID FIRMAY DHAP LISTING

AERQ APPROACH, RIGID FOWMATY 9

LEVEL 2.0 NASIRAN DMAP COMPILER - SDURCE LISTING

209 LABEL ERROH & &

210 £1Cyid o= @/C Ny F SUBSUN

211 LABEL ERROR S5 8

212 /1 CoNem4 /T oNoC YCHODES

213 LABEL  ERKORG 8
214 /7 Cole=5 # T oNiC YCHODES 8
215 LABEL  FINIS § :
216 ENC 5

0040 ERKURS FDUND - E XECUTE NASTRAN PROGRAMSS

2.24
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2.6.2

5.
8,
10.
12.

14.

20,
21.

22.

23.
26,

29,
30.
33,
34,
36.
37.
3B.

40,
42,
43,
46.

49.

81,
54.

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Description of DMAP Operations for Compressor Blade Cyclic Modal

Flutter Analysis

GP) generates coordinate system transformation'matrices. tables of grid
point locatfions, and tables for relating internal and external grigd
peint numbers.

Go to DMAP No. 203 and print errer message {f no grid points are present,
GP2 generates Element Connection Table with internal indices.
GP3 generates Statfc Loads Table and Grid Point Temperature Table.

TA1 generates element tables for use in matrix assembly and stress
recovery.

Go to DMAP No, 203 and print error message if no elements have been
defined,

Go to DMAP No. 25 1f stiffness matrix s not user input.

Set parameter NOKGGX = -1 so that the stiffness matrix will not
be generated in DMAP No, 26,

INPUTT1 reads the user supplied stiifness matrix from tape (GINO
file INPT),

b IN
Equfvalence [KQQJ to [Kggl.

EMG generates structural element matrix tables and dictionaries for
later assembly,

Go to DMAP No. 32 if no stiffness mairix is to be assembled.
EMA assembles stiffress matrix [K;g} and Grid Point Singularity Table,.

Go tn DMAP No. 203 and print error message {f no mass matrix exists,

EMA assembles mass matrix [Mgg}.
Go to DMAP No., 39 {f no weight and balance request,
GPYUG generates wefght and balance information,

BFP formats weight and balance information and places it on the
system output file for printing.

Equivalence [K;g] to [Kgg] 1f no general elements.
Go to DMAP No. 45 if no general elements,
SMA3 adds general elements to {K;g] to obtain stiffness matrix [kgg].

GP4 generates flags defining members of various displacement sets
(USET), forms multipoint constraint equations ERg]{ug} = 0,

Go to DMAP No. 211 and print error message 1f free-body supports
are present,

GPCYC prepares segment boundary table,
Go to DMAP No. 213 and print error message If CYJOIN data is inconsistent,

2.25
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Go to DMAP No. 60 {f general elements present.
GPSP determines {f poss{ble grid point singularities rema{n,
6o to DMAP. No. 80 {f no grid point singularities rematin,

gFP formats the table of possible grid point singularities and places
{t on the system ocutput file for printing.

Equivalence [K ] to [K ] and [M ] to [M ] if no multipoint
constraints. 99 nn 99 na p

Go to DMAP No. 68 {f MCE) and MCEZ2 have already been exccuted for
current set of multipoint constraints,

MCE) partitions multipoint constraint equations [Rg] = [Rm :Rn] and
¥
solves for multipoint constraint transformation matrix [Gm] a
-1
-18,3° 'R, 1.
MCE2 partitions stiffness and mass matrices

| -

‘Knn_l Knm Hnn Mnm
[Kgg] a - b~ and [MggJ =
Kon 1 Ko Mon Moam

and performs matrix reductions

Me,T + (600K, (6,1 and

[k, = [k 1+ [erlik, 1+ (k]

[0 = IR0+ I6p3n 1+ (u] 106 1 + {a¥1rm 106 3.
Equivalence [Knn] to [Kff] and [Mnn] to [Mff] if no single-point
constraints,
Go to DMAP No. 74 if no single-point constraints,
SCEY partitions out single-point constraints.
M M

K K

ff!

]
ff fs fs
' '
[k, = ~-=-----1  and ] - ~--—t- --
! - i
Ret ' Kes Mg 1 Mg

Equivalence [Kff] to [K,,] and [Mged to IMz,] 1f r omftted degrees

of freedom,

Go to DMAP No. 82 {7 no omitted coordinates,.

2.26
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78. SMP1 partitions cunstrained stiffness matrix

80.

83.

85.

86,

87.
90.
91,

95,

87.
28,

v
Kaa : Kao
[KffJ e ““: I
Koa | Yoo

and solves for transformation matrix [GDJ c -[KOOJ'1[K°a]
N T
and performs matrix reduction [K ] [KeaJ + [Koa][ﬂol.

SHP2 partitions constrained mass matrix

aa 1 Mo

'
Mged = oo pmmm=
Moa 1 Fao

and performs matrix reduction

[ [A,,3 + [M, 06,3 * [6130M, 0f6 ] + [61IIM,, 1.

aa]

DPD generates flags defining members of vartous displacement sets used
{n dynamic analysis (USETD), tables relating internal and externa)

grfd point numbers, including extra points introduced for dynamic

gnaIysis. and prepares Transfer Funct{on Pool and Eigenvalue Extraction
ata.

go to DMAP No., 205 and print error message 1if no Efgenvalue Extraction
ata,

Equivalence [503 to [Gg] and [GmJ to [G:] tf no extra points i{ntroduced
for dynamic analysis,

CYCTZ transforms matrices .rcm symmetric components to solution set,
Go tu DMAP No, 213 and print error messaga if CYCT2 error was found.
READ extracts real etgenvalues from the equation

[Ryy = MM, Ju b =0,

and normalizes efgenvectors according to one of the following user
requests:

] Unit value of selected coordinate
2) Unit value of largest components
3) Unit value of generalized mass.

PFP fermats elgenvalues and summary of efgenvalue extraction {nfor-
mation and places them on the system output fite for printing.

Go to DMAP No. 209 amrd exit {f no efgenvalues found,

CYCTZz finds symmetric components of eigenvectors from solution set
ei{genvectors.
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Go to DMAP No, 213 and print error message {f CYCTZ error was found,

" SDR! recovers dependent components of the eigenvectors

°a

{60 = [6.)e,} -=) = e} ,
o

.@f

~= = {o) fe,} I6,0{e,t

¢5

¢

== = {8,

¢I'l]

SDR2 prepares eigenvectors for output (PPHIG).

gFF formats tables prepared by SDR2 and places them on the system
output file for printing.

APDB processes the aercdynamic date cards from EDT. AERO and ACPT
reflect the aerodynamic parameters. PVECT is a partitioning vector
and GTKA is a transformation matrix between aerodynamic (K) and
structural {a) degrees of freedom.

PARTH partitions the eigenvector into all sine or all caosine
components,

SMPYAD calculates modal mass matrix

(81 = [of17 [n,,] [o%)
MTRXIN selects the direct input matrices [K2 1. [M }. and [B
Equivalence [pr] to [Mde. [EppJ to [Ddd] and [Kpp] to [Kdd] if no
no constraints applied. ;

GKAD applies constraints to direct input matrices [Ksp], [H:pJ. and

[Hng. and [Bgd] {see Section 9.3.3 of the Theoretical Manual) and
forms [Gmd] and [God].

2.28
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GKAM selects eigenvectors to form [¢dh] and assembles stiffness, matrices

ond damping matrices in modat coordinates:

where
KDAMP =

mg ® modal masses

bi = my 2n fig(f{)

LogpdIK3 100y, ]

-~
~
b
=
e
n
=
[=-F 0
1
-
oo
S
-+

Logy)IM342004,]

Lognl[8341104,)

KDAMP = -1 (default)

my = modal masses

by =0

T

-

—

N

|

PEY Sy

Py

i

s,
mﬂ!‘

i

2 3
ki ='m1 4n” £, ky = (1+ig(f1)) 4 fimi

123. Go to DMAP Jlo. 133 if no plot package {s present.

124. PLTSET transforms user input inte a form used to drive structure
plotter,

126. PRTMSG prints error messages assocfated with structure plotter,

129. GO to DMAP Ho. !33 if no undeformed aerodynamic structure plot request.

130. PLBT generates all requested undeformed structure plots,

132, PRTMSG prints plotter data and engineering datas for each undeformed
aerodynamic plot generated.

134, Go to DMAP No, 205 and print error message if no Eigenvalue
Extraction Data.

136, AMG forms the aerodynamic materix list [AJJJ- the area matrix [SRJ]'
and the downwash coefficients [D;k} and [D;kJ.

139. Go to DMAP No. 141 {f no user-supplied downwash coefficients,

140, INPUTT2 provides the user-supplied downwash factors due to extra

points([bje]. {D;EJ)-

2.29
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AMP computes the aerodynami-~ matrix 1ist related to the moda)
coordinates as follows:

®at i °ae
[‘th A Sl ikt

| [Gki) e [GIHJT[Qai]
et ! ®ae

[0}y « oy} ] 0yl [0y = [03,3706, ]

(03,0 « [03, | Dyi] 03,1 = 03,3708,

For each (m,k) pair:
[D4p] = [DJEJ + {kIDJaJ

for each group:

[0 = [A33 "o pgup [D44] aroue
[Qupd = [552005,)
Q] = £6,,2710,,]
[ & %
Gen

PARAM 1nitializes the flutter loop couter (FLPPP) to zero.

Go to next DMAP instruction i{f cold start or modified restart.
LOBPTPAP will be altered by the Executive System to the proper

location inside the loop for unmodified restarts within the loop.

Beginning of loop for flutter.

FAl computes the total Eerodynamtc mass matrix [Mzhj. the total
aerodynamic stiffness matrix [K;h] and the total aerodynamic
damping matrix [BﬁhJ as well as a looping table FSAVE., For

the K-method

Hﬁh = (kalb')ﬂhh + (0/2) th 3
b4

Koo = Kpp o

1

2.30
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CEAD extracts complex eigenvalues from the equatfon
X _2 x X
[(MhaP® + Bpyp + Kppllog) = 0
and normalizes etgenvectors to unit magnitude of largest component,

Go to DMAP No. 168 1f no compler eigenvalues found.

Go to DMAP No. 163 if no output request for the extra points intro-
dyced for dynamic analysis or modal coordinates.

VDR prepares elgenvectors for cutput, using only the extra points
t{ntroduced for dynamic analysis ard moda! coordinates,

Go to DMAP Ko, 163 4f no output request for the extra poinmts
{ntroduced for dynamic analysis or modal coordinates.

PFP formats eigenvectors for extra points fntroduced for dynamic
analysis and modal! coordinates and places them on the system output
file for printing, oo

FA2 appends eigenvectors to PHIHL, eigenvalues to CLAMAL, Case Control
to CASEYY, and V-g plot data to PVG,

Go to DMAP No. 172 if there is insufficient time for another
flutter loop.

Go to DMAP No. 172 if flutter loop complete,

Go to DMAP No. 207 for additional eerodynamic configuration triplet
values,

Go to DMAP No. 179 {f no fo plot package is present,

XYTRAN prepares the input for requested X-Y plots,

XYPLQT prepares requeste. X-Y plots of displacements, velocities,
accelerations, forces, s.resses, loads or single-point forces

of constraint vs. t . w.,

Go to DMAP No. 215 if no output requests fnvolve dependent degrees
of freedom or forces and stresses.

M@DACC setects a Yist of eigenvalues and vectors whose {maginary parts
{velocity in input units} are close to a user input list,

DDR1 transforms the complex efgenvectors from modal to physical
coordinates

[@3] = [¢dh][¢h] .
Equivalence [¢;] to [¢;] 1f no constratnts appltied.

6o to DMAP Ho. 188 if no constraints applied.

2.31
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SDR1 reccﬁers dependent components of efgenvectors

¢
OB (19 1757 isﬂs = {95+ 081,
0

0 ¢ o
L..e 05y = L6810 ¢+ 48

and recovers single-point forces of constraint {qs} o
T o _ <

Equivalence [¢§] to [¢§] 1f no extra points introduced for dynamic
analysis,
Go to DMAP No, 194 {f no extra points present.

VEC generataes a d-size partitioning vector (RP) for the a and ¢ sets,
PARTN perforps partition of [¢5] using RP.
\
¢
(ot = P
c
%
SDRZ calculates element forces and stresses (@PEFCY, PESCY) and

prepares eiqenvectors and single-point forces of constratnt for
output (BCPHIP, PQPCY). It also prepares PCPHIP for deformed plotting.

PFP formats tables prepared by 5DR2 and places them on the system
output file for printing.

Go to DMAP No, 194 if no deformed sStructure plots are requested.
PLAT prepares all deformed structure plots.

PRTMSG prints plotter data and enaineering data for each deformed
plot penerated.

Go to DMAP No. 215 and make normal exit.

MEDAL CRMPLEX EIGENVALUE ANALYSIS ERRPR MESSAGE NA. 1 - MASS MATRIX
REQUIRED FOR MPDAL FPRMULATIEGN.

MBOAL CPMPLEYX EIGENYVALUE ANALYSIS ERRQR MESSAGE N@, 2 - EIGENVALUE
EXTRACTI@N DATA REQUIRED F@R REAL EIGENVALUE ANALYSIS,

s

a1,
Lhek
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MEDAL CPMPLEX EIGENVALUE ANALYSIS ERRPR MESSAGE N@.

EXECUTE MERE THAN 100 LO@PS.

MBDAL CAMPLEX EIGENVALUE ANALYSIS ERRPR MESSAGE N@
VALUES REQUIRED FQPR M@PDAL FORMULATIQGN,

NPRMAL MPOES WITH CYCLIC SYMMETRY ERRPR MESSAGE W@,

SUPPPRTS NBT ALLOWED.

NPRMAL MODES WITH CYCLIC SYMMETRY ERRPR MESSAGE NO@.

SYMMETRY DATA ERRQR.

ATTEMPT TO

3=
4 - REAL EIGEN-
4 - FREE 9f0Y

§ - CYCLIC

2.33
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2.6.3  Qutput for Compressor Blade Modal Flutter Analysis

The Real Eigen value Summary Table and the Real Eigenvalue Analysis
gummary, as described under Normal Mode Analysis, are automatically printea.
A1l real efgenvalues are included even though a1l may not be used in the

modal formulation.
The grid point stingularities from the structural model are also output,

A flutter summary for each value of the configuratfon parameters is

printed out {f PRINT=YESB. This shows o, k, 1/k,e, 0 "V V, g and f
s [

ound?®
for sach complen eigenvalue,

V-g and V-f plots may be requested by the AVYAUT control cards bv
specifyi{ng the curve type as VG. The "points® are loop numbers and the

“components® are G or F.

Printed output of the following types, sorted by complex eigenvalue
root number (SORT1) and (m, k, p)} may be requested for all complex ecigenvalues
kept, as either real and imaginary parts or magnitude and phase angle

{0° - 360" lead):

1. The efgenvector for a list of PHYSICAL potnts (grid points,

extra points) or SPLUTION points {modal coordinates and extra points).

2. Nonzero components of the s{ngle-point forces of constrafnt for
& 1ist of PHYSICAL points.

3. Complex stresses and forces in selected elements,
The PFREQUENCY case control card can select a subset of the complex efgenvectors
for data recovery, In addition, undeformed and deformed shapes mav be reauvested.

Undeformed shapes may include only structural elements.

2.34
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Case Cnn}ro1 Deck and Parameters for Compressor Blade Cyclic

Modal Flutter Analysis

Only one subcase {s allowed

Dosired direct input matrices for stiffness [szp], mass [Hzppj. and
damping [szp] must be selected via the keywords K2PP, M2PP, ov

B2PP.

CMETHRAD must be used to select an EIGC card from the Bulk Bata Deck,
FMETHPD must be used to select a FLUTTER cgrd from the Bulk Data Deck.
METHED must be used to select an EIGR card that exists in the Bulk
Data Deck.

SDAMPING must be used to select a TABDMP) table {1f structural dampina
1s desfred.

An SPC set must be selected unless the model is a free bodv or alld
constraints are specified on GRID cards, Scalar Connection Cards or
with Genera) Elements.

Each NASTRAN rum calcultates modes for only one symuetry index, K.

The following user parameters are used in Compressor Blade Cyclic Modal

Flutter Analysis.

1,

3.

GROPNT - optional - A positive integer value of this parameter will
cause the Grid Point Weight Generator to be executed and the result-
ing weight and balance information to be printed, All fluid related
masses are ignored,

WTHASS - optional - The terms of the structura) mass matrix are
multiplied by the real value of this parameter when they are

generated in SMA2, Not recommended for use in hvdroelastic

problems,
CPUPMASS - CPBAR, CPRPD, CPOUADY, CPOUAD2, CPTRIAY, CPTRIA2,
CPIYRE, CPQDPLY, CPTRPLY, CPTRBSE - optional - These parameters

Wil cause the generation of coupled mass matrices rather than
lumped mass matrices for all bar elements, rod elements, and plate

@lements that include bending stiffness.

2.35
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LFREQ and HFREQ - required unless LMPDES fs used., The real values

of these parameters give the frequency range (LFREQ is lower

I{mit and HFREQ 1s upper 1imit) of the modes to be used ¥n the
modal formulation. To use this option, LMPDES must be set go 0.
LHPDES - used unless set to O. The ftnteger value of this parameter
1s the number of lowest modes to be used in the modal formulation.
The defalult value will request all modes to be used,

NPDJE - optional) 1n modal Flutter anmalysis. A pesitive Integer

of thir parameter indicates that user supplied downwash matrices
due to extra points are to be read from tape via the INPLTT2

module in the rigid format. The default value §s -1.

P1, P2 and P3 - required in modal flutter analysis when using

NODJE parameter. See Sectfion 5.3.2 for tape operation parameters

requf red by INPUTT2 module. The defaults for P1, P2, and P3 are

=1, 11 and TAPEID, respectively.

YREF - optional in modal fluttzr analysis. Velocities are

divided by the real value of this parameter to convert units

or to compute flutter indices. The default value is 1.0.

PRINT - optional in modal flutter analysis. The BCD value N@,

of this parameter will suppress the automatic printing of the

flutter summary for the k method. The flutter summary table

will be printed if the BCD value is YES for wing flutter, or

YESB for blade flutter, The default s YES.

CTYPE - required - the BCD value of thi: parameter defines

the type of cyclic sysmetry as follows:

{1) RET - rotatfonal symmetry

(2) DRL - dihedral symmetry, using right and left halves

(3) DSA - dihedral symmetry, using symmetric and antiy-
symmetrfc components

NSEGS - required - the fnteger value of this parameter 5 the

nunber of 1dentical seqments in the structural medel,.

2.36
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

gxgggg'- optional - the integer value of this parameter specifies
the procedure for sequencing the equations 1{n the solution set,

A value of +1 specifies that all coesine terms should be sequencad
before all sine terms, and & value of -1 for alternatipg the
cosfne and 3ine terms, The default value is =1,

KINDEX - required 1n compressor blade cyclic modal flutter analysis.
The integer value of this parametar specifies & single value of
the harmonfc index,

MINMACH - optional in blade flutter analysis. This is the minfmum
Mach number above which the supersonic unsteady cascade theory is
valid, The default 1s 1.01,

HAXMA d - optional fn blade flutter anelysis, This is the max{mum
Mach number below which the subsonic unsteady ¢ascade theary is
valid. The default value is 0.80.

IREF - optional in blade flutter analysis. This defines the
reference streamiine number. [REF must be equal to a SLN on &
STREAMLZ bulk data card, The default value, -1, represents the
streamsurface at the blade tip., 1f IREF does not correspond to

a SLN, then the default will be taken.

MTIYPE - optional in cyclic modal blade flutter analysis. This
controls +hich componants of the cyclic modes are to be used in
the modal formulatjon. MTYPE = SINE for sine compopents and

MTYPE = COSINE for cosine components. The default BCD value 1is
COSINE.
KGGIN - optiona) in blade flutter analysis., A positive integer

of this parameter {ndicates that the user supplied stiffness
matrin {s to be read from tape (GINO file INPT) via the

INPUTT) module tn the rigid format. The default js =1,

2.37
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Card Types and Header Information:

2.1

EDT (TABLE)

DATA BLOCK AND TABLE DESCRIPTIONS

fard Type Card Type
AEFACT 4002
AERD 3202
CAERDY 3002
CAERDZ 4301
CAER@3 4401
CAERp4 4501
CAERPS . 500
DEFPRM ' 104
FLFACT 4102
FLUTTER 3902
MKAERP 3802
MKAERD2 3702
PAERD 3102
PAERD2 4601
PAERB3 4701
PAERP4 4801
PAERPS 5101
SET1 3502
SET2 3602
SPLINE} 3302
SPLINEZ 3402
+SPLINE3 490
STREAML} 3292
STREAML? 32913
VARIAN 4202
Card Type Formats:

AEFACT {Open Ended)
AERP {6 words)

CAERRY (16 words)

CAER@2 (16 words}

CAERP3 {16 words)

Header Word 1

Header Word 2

Trailer Bit Position

Header HWord 3
Internal Card Number

SID
etc,

ACS1D
RH@REF

PID
NCHORD
0

1
Y4

EID
NSB
LONT
¥l

EID
LISTH

u
x4
X43

40
32
30
43
a4
45
50
1
a
i5
38
37
3
46
47
48
51
35
36
33
34
49
92
93

42

Fi
-1

VSPUND

SVMXZ

cp
LSPAN
X1
X12
4

PID
MINT
161D
A

s na

PID
LISTC)
zi’

Y4

273
265
263
301
a2
303
309
81
274
272
z2n
270
264
3p4
305
306
310
268
269
266
267
307
292
293

290

F2

BREF
SYMXX

NSPAN
|.CH@RD

X4
X43

cp
LSB

nz

L
LISTL2
by

X12

Z4

3.1
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Card Type Formats {Cont.}:

SETZ (B words)

SPLINE1 (6 words)

SPLINEZ {10 words)

SPLINE3 (Open Ended)

STREAML1 {open ended)

STREAMLZ2 (10 words)

VARIAN (Open Ended)

DATA BLOCK DESCRIPTIONS

SID
SP2
21

EID
BPx2

EID

BPx2
DT@R
OTHY

SID
CoMp
Al
™

BLN
G3
G6
-1

ALN

CHERD

MACH
FLOWA/SWEEP

D822

EID
CHI
2

CAERD
SETG

CAERQ

SETG
CIb

CAERD
61
AN
61

G4

NATNE
RADIUS/DCBDZB
DEN

DBEZ

TTTTTTTTN

5P
CH2

BEX)
174

Bax1
Dz
DTHX

UFID
1
GM
-1

G2
G5
Gn

ETAGGER \
BEPACE
VEL

etc.

3.2
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DATA BLOCK DESCRIPTIONS

7.).2  Data Blocks Output from Module APDB

2.1.,2.1 AERD (Table)

Deseription
See description and format of AERP table

2.1,2 .2 FLIST (Table)

Deseription
See descriptfon and format of FLIST table

3,1.2.3 GTKA (Matrix)

Description
See description and format of GTKA matrix

3.1.3.4 PVECT (Matrix)

Description .
{ PYECT } - Partitioning vector for cyclic modes.

Matrizx Trailer

Number of columns

=z ]
Number of rows = NEIGY {for KINDEX > 0, 2 - NEIGV)
Form = rectagular
Type = real-5ingle precision

- PRECEDING PAGE BLANK NOT FILMED
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DATA BLOCK DESCRIPTIONS

2.9.3 ACPT (Tahle)

Bescription

Aerodynamic connection and property table for compressor or turbeprop blades. Contains
one record for each compressor/or turboprop blade.

Table Format

Record Word Type Item
0 1-2 B Data block name (ACPT)
1 1 I Key word, 6 for compressor blades
2 I IREF parameter
3 R MINMACH parameter
4 R MAXMACH parameter
5 1 Number of blade streamlines, MLINES
6 1 Number of statfans on blade, NSTNS
7 I Streamline number, SLN h
8 I Number of stations on streamline, NSTNSX
9 R Stagger angle, STAGGER
10 R Chord length, CHORD
N R Radius of streamline, RADIUS REPEAT
12 R Blade spacing, BSPACE > NLINES
13 R Mach number, MACH TIMES
14 R Gas density, DEN
15 R Flow v-lgcity, VEL
16 R Flow angle, FLOWA
17 R X-coordinate, basic ) REPEAT
18 R Y-coordinate, bastc ) NSTNS
19 R I-coordinate, basic | TIMES -
or 1 ] I Key ward, 7 for turboprop blades
2 i IREF parameter
3 R MINMACH parameter
4 R MAXMACH parameter
5 I Number of blade stream]ines, NLINES
6 [ Number of stations on blade, NSTNS
7 I Strexmline number, SLY h
8 I Number of stations on streamline, NSTNSX
9 R Stagger angle, STAGGER
10 R Chord length, CHORD o
11 R Radius of streamline .or 3C/3Z, RADIUS/DCBDZE REPEAT
12 R Blade spacing, BSPACE NLINES
13 R Mach number, WACH r TIMES
14 R Gas density, OEN
15 R Flaw velogity, VEL
16 R Flow Angle or Sweep Angle, FLOWA/SWEEP
17 R X-coordinate, basic | REPEAT
18 R Y-coordinate, basic » NSTNS
19 14 Z-coordinate, basic | TIMES J
2 . Additional records for other blade
Table Trailer
Hord 1 =1
Word 2-6 = zero

3.5
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3.3

Notes

DATA BLOCK DESCRIPTIONS

ACPT (Table) (Cont'd.)

Words 7-19 are repeated for each streamline. There are NLINES streamlines
and they are from the blade root to the blade tip. These data items are
taken from the STREAMLZ bulk data cards.

Words 17-19 are repeated for each node on the streamline. There are
NSTNS triplets (X, Y, Z). They are from the blade leading edge to the
blade trailing edge.

All records 1 to N will be all Keyword 6 or Keyword 7 and may not be mixed.

- =— -
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FUNCTIONAL MODULE AMG {(AERODYNAMIC MATRIX GENERATOR)
3.  FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

2.2.1 Entry Point: AMG

3,2.2 Purpose

To generate a list of aerodynamic influence matrices (AJJL) and the transformation matrices

needed to convert these to the interpolated structural system (SKJ, D1JK, D2JK).

2,2 .3 DMAP Calling Seaquence

AMG AER® ,ACPT/AMIL, 5K, STIR,D20K/V, N NK/V N, NS 3

3.%.4 Input Data Blocks

AER® - Aerodynanic matrix generation data

ACPT - Aero connection and property data.

Note: Neither AERY or ACPT may be purgded.

3.2 .5 Output Data Blocks

AJJL - Aerodynamic influence matrix 1ist
SKJ - Integration matrix list
D1JK - Real part of downwash matrix

D2JK - Imaginary part of downwash matrix

3.%.6 Parameters

NK - Input - integer - no default, number of degrees of freedom in k-set

N - Input - integer - no default,

) Nsb Nib
Ny = Z::ib+iz:=1fi+3§1 9,
where Ny = number of aero boxes
Ny, = number of slender bodies
Nip = number of interference bodies
f; = degrees of freedom for each slender body
9; = degrees of freedom for each interference body

3.7
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)
3.2 .7 Method

Module AMG is broken into two sections. Section one outputs AJJL and SKJ and Section two
outputs DIJK and D2JK. Each section has a branch on method to output columns of the matrices.
Each section has a common block to communicate between the module driver and the wethod dependent

code. (See description of design requirements.)
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MODULE FUNCTIONAL DESCRIPTIONS

The flow for Section one is as follows: Four buffers are allocated from the bottom of core
and ACPT, AER@, AJJL, and SKJ are opened. Record 1 of AER® s read into /AMGMN/ at ND and the
header and trailer for AJJL are initialized by passing the ACPT and counting the method groups.

The rest of Section one involves a loop where pairs of m and k are read into /AMEMN/ and
then each record in the ACPT is processed. For each record of ACPT processed, one word (the

method) is read and then a branch on method is taken. Each method is expected to:

1. Read its record of the ACPT and leave it positinned to read the next record.

2. Qutout columns of AJJL and SKJ of proper size.
The row number to start at is NR@W+1 for AJJL and ISK for SKJ.

3. Always increment NRUW, ISK and NSK by the number of rows added.
Once an end of file is reached in AERP, AER@, AJJL and SKJ are closed and Section two starts. u

The flow in Section two is as follows: Three buffers are allocated and D1JK and D2JK are
opened (ACPT is left open). The trailers are initialized and the method of ACPT is read. The
program branches on method and then loops until all records on the ACPT have been processed. When

an EQF is reached the files are closed and their trailers written.

2.2.7.1 Doublet Lattice Method without Bodies

The flow for Section one of the Doublet Lattice method is as follows: Sukbroutine DLAMG is
the driver for this method. It reads in the ACPT record for this method and sets up the pointers
to the various arrays in common DLCPM. Columns of SKJ are output. If there is enough core avail-

able, GEND is callad to output one matrix of the AJJL list. When GEND is through, DLAMG bumps

NROW and returns.

Subroutine GEMD outputs a row of the AJJL matrix for each box on the CAER@) element. To do
this, it picks up the proper strip and panel data and calls DPPS once for each box. A row is

packed out after each call to DPPS,

Subroutine DPPS i3 alse in a loop. There is one row element for each box and DPPS prepares
the variables necessary for the computation of each element and calls SUBP to calculate the

element. When the row is done DPPS returns to GEND.

Subroutine SUBP computes the downwash factor eiements by calling subroutines SNPOF and INCRY
to compute the indicated components that make up the element. SNPDF computes the steady downwash

factors and INCR@ computes the unsteady downwash factors for one receiving-sending point combination.

3.0
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FUNCTIONAL MODULE AMG (AZRODYNAMIC MATRIX GENERATOR)

Each combination has four influence quadrants {upper left, upper right, lower left, lower right),
s0 these routines must be called four times for each element and then the result summed before

SUBP returns. Subroutine INCRP uses subroutines TKER, IDF1, and IDF2 to compute the final result,

The flow for Section two of the Doublet Lattice method is as follows: Subroutine DLPT?2
prepares all the computations necessary. ODLPT2 reads the record of ACPT and then loops through

each box packing out a column of D1JK and D2JK for each box.

The row position of each pair of values for a column is 2*(box number-1) + 1. Successive

rows of SKJ (output in Section one) have the follawing form:

2.0 * £E
O R B i . (M

0.0
DIJK4+: ----- ] . (2)
1.0

Successive rows of D2JK have the following form:

ro—

-2.0/REFC
17 [ . (3) '
DELX, /2 .0%REFC

3,1.7.2 Doublet Lattice Method with Bodies

The flow for Section one of the Doublet Lattice method with bodies is as follows: Subroutine
DLAMBG is the driver for this method. It reads the ACPT record and sets up the pointers to the
various arrays in common DLBDY. The flow then depends on the type of problem submitted. If
panels exist then GENDSB is called to build part of AJOL on a scratch file. If paneis and slender
bodies are used, AMGRPD is called to build this combination om a scratch file. Then AMGSBA is
called to output this method's part of AJJL. AMGBFS is called to build SKJ for this method.

Up to four additional buffers may be needed by this method,

Figure one shows the subroutines and scratch files used to put AJJL together.
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MODULE FUNCTIONAL DESCRIPTIONS

SCR5 4
DPPSH DZpy DYPZ DZYMAT
NTP
SCR1 SCR2 SCR3 SCR1 SCR2 NTP, NTZ, NTY, NTZS, and NTYS
are lengths,
oPzY SCR1 - SCRS are scratch files.
NTZ
SCR] Other names are subroutines.
OPZY
NTY
SCR4
NTZS 0 0 0 AMGSBA
NTYS 0 0 0
| AJJL 4

Figure 1. Subroutines and Scratch files for AJJL

Subroutine GENDSB calls DPPSB once for each row on SCR1 (NTP times}, and DPZY once for each
NTZ and NTY rows on SCR1 and SCR4. Then DZPY once for each row on SCRZ and DYPZ once for each
row on SCR3, Once this process is done, GENDSB buiids the data collected from SCRI, SCR2, SCR3
and SCR4 on SCR5,

Subroutine AMGR@D calls DZYMAT once to build SCR1 and once to build SCR2. Then AMGSBA is
called to put SCR1, SCR2 and SCRS together plus AMGSBA's part of AJJL onto AJJL.

Matrix SKJ is built by AMGBFS. It calls BFSMAT, builds some data on SCR1, then

SKJ is built and packed out. ({See the Thesretical Manual for description of SKJ.)
Figure 2 shows the various calls that may take place during Section one of this method.

For Section two DLBPTZ is called and the ACPT is read. Then the pointers to the necessary

arrays are computed and D1JK and D2JK are packed out. D1JK and D2JK look 1ike the Doublet Lattice

Method without Bodies except D1JK has a -1. instead of a 1.0 for D1JK on y-slender glements,
and D2JK has a 0.0 for slender elements instead of DELX/Z*REFC.

e

N
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

DLAMBY
AN
AMGBFS AMGSBA GENDSB | AMGR@D
BFSMAT DPPSB | | DPZY | | DZPY| {DYPZ DZYMAT
N/ N/
Fum2 susPe SuBB RPWDZY

A N

FZY2{|SUBI| | INCRO ZY

- VAN

10F1] [I0F2 Tver [ FLLD

e

SNPDF

TKER

Figure 2. Section One Calls for the Doublet Lattice Method with Bodies

1, 2..7.3 Mach Box Method

The flow for Section one of the Mach Box Method is as follows: Subroutine MBAMG is called to
read the ACPT and set up pointers to arrays in common MBAMGX, MBAMG then makes calls to various
subroutines to get AJJL built. Most of the arrays used by the Mach Box method are generated by

subroutine MBREG, so, in general, fixed dimensions are used. One additional buffer is used.

Once the pointers, common MBXN and common MB@XL are set up, MBAMG calls MBGEfD to set up the
regions and geometry for the problem in common MBBXA. Than MBAMG calls MBREG to generata the boxes.
MBREG fills in the box arrays based on the area to cover, Mach number, and number of boxes
requested. MBCTR1 and MBCTR2 can be called to make box arrays if the control surface exists.

WRPLOT is then called to print a picture of the planform regions.

MBAMG then calls MBMADE to generate mode-like data on SCR2Z. The SSPLIN routine is used to

spline from the Mach box points to the input control puints for the wing, control one and control

two separately.

3.13
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The influence coefficients are computed by MBCAP, then SKJ (Jdentity} 48 output, and finally

MBOPDH is called to compute and output the AJJL contribution.

Section two is a call to STPPTZ with outputs D1JK {Identity) and D2JK {Null),

7, 2.7.4 Strip Theory Method
Section one of the Strip Theory Method is driven by Subroutine STPDA. STPDA reads the ACPT,
fills incommon STRIPL, and sets up pointers tocommon STRIPX where the various arrays will be

stored. After all the input arrays have been set up an SKJ {(Identity) matrix isbuilt.

STPDA then calls: STPBG to build a BM and GM matrix for each strip; STPPHI to build the PHI

functions for each strip; and finally STPAIC to combine these matrices and build AJJL.

Sectjon two is a cal) to STPPT2 which output D1JK (Jdentity) and D2JK (Null).

4,2 .7.5 Piston Theory Method

Section one of the Piston Theory method is driven by subroutine PSTAMG. PSTAMG reads the
ACP1 and sets up the core pointer to the arrays. Then SKJ {Identity) is output and PSTA is
called to build AJJL.

Section two is a call to STPPT2 with outputs DIJK {Identity) and D2JK (Null).

1.2 .7. 6 Compressor Blade Method

The flow for Section one of the compressor blade method 1s as follows,

Subroutine AMGB) is the driver for this method. 1%t reads in the ACPT record far

this method and lecates reference parameters from the reference streamline on the

blade. If there {s epough core available, {t calls AMGB1A to output one matrix

of the AJJL 14st. Hhen AMGBIA 43 through, AMGB] bumps NRPW and returns. SubrouTiuae

ANGBLS s cavsd o ovTrdT columms of SKT.

Subroutine AMGBIA outputs a portion of the AJJIL matrix for each streamline

on the compressor blade. Each streamline may be subsonic, transonic or supersonic,

depending on the Mach number for that streamline. Subroutine AMGBIB calculates

terms for subsonic streamlines. Subroutine AMGBIC calculates terms for supersonic

streamlines and subroutine AMGBID calculates terms for transonic streamlines.
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

Each submitrix of AJJL corresponds tc a blade streamline and 45 of order
NSTNS X NSTNS, whare NSTNS 1s the number of computing statfans on the blade. The

sybmatrices are located along the dfagonal of AJJL.

The flow for Section twoe of the compressor bjade method is as follows.
Subroutine AMGB2 prepares all the computations necessziy. It reads the ACPT
rocord and locates the reference streamline parameters. Subroutine AMGB2A f{s
called to calculate - matrix [F"] for each streamline. AMGRZ
outputs the NSTNS X NSTRS submatrix for each streamline to [o1aK],

Fach submatrix of [SKJ] and [D1JK] has the following form:

[skd) = w - [F-137

and
[013K) = [F-137

The [pqu] matrix is null.

¥.2 .7.7 Swept Turboprop Blade Method

The flow for Section one of the swept turboprop blade method is as follows:
Subroutine AMGT1 is the driver for this method. [t reads in the ACPT record for this
method and locates reference parameters from the reference streamline on the blade. It

calls AMGTIA to output one matrix of the AJJL list. Subroutine AMGTIS is called to

output matrices used in SKJ.

Subroutine AMGT1A outputs a portion of the AJJL matrix for each streamline on the
swept turbnprop biade. Each streamline must be subsonic based on the Mach number for
that streamline. Subroutine AMGTIT calculates constants used by AMGTIB which computes
the terms for the subsonic streamlines. AMGTIC and AMGTID cause error exits with

diagnostic printout when the streamlines are supzrsonic or transonic, respectively,

Each submatrix of AJJL corresponds to a blade streamline and is of the order
NSTNS*2 X NSTNS*2, where NSTNS is the number of computing stations on the blade. The

submatrices are located along the diagonal of AJJL.




The flow for Section two of the swept turboprop blade methed is as follows:
Subroutine AMGT2 reads the ACPT record and locates the reference streamline parameters.
Subroutine AMGT2A is called to calculate the matrix [F’]] for each streamiine. AMGT2
then outputs the transpose of this NSTNS X NSTNS submatrix twice along the dfagonal
for each streamiine to [D1JK]. Each submatrix of [SKJ] and [D1JK] has the following

form:

[01JK] = [SKJ]

The [D2JK] matrix fs null.

3.2 .B Subroutines
Besides the module driver AMG, the subroutines of Section one ¢re divideﬁ into groups by
me}hod:
for the Doublet Lattice Methods five subroutines are shared:
SNPDF, INCR®, TKER, IDFY, and IDF2
The Doublet Lattice Method without Bodies also uses:
OLAMG, GEND, DPPS, and SUBP
The Doublet tattice Method with Bodies also uses:

DLAMBY, SUBI, AMGBFS, FZY2, FWMW, BFSMAT, AMGROD, AMGSBA, GENDSB, DPPSB, DPZY, DYPZ,
DZPY, SUBB, SUBPB, DZY, FLLD, TVQR, DZYMAT, and PPWDZY
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

The Mach Box Method uses:

MBAMG, MBPRIT, MBGEZD, MBREG, MBCTR!, MBCTRZ2, MBPLET, MBM@DE, MBCAP, MBBSLJ, &6, 2J,
MBOPOH, MBGAE, MBGAW, MBGATE, SUMPHI, and TRAILE

The Strip Thegry Method uses;

STPDA, STPBG, STPPHI, STPAIC, STPK, STPBSO, and STPAS]
The Piston Theary Method uses:

PSTAMG and P3TA

For Section two the subroutines are DLPTZ, STPPT2 and DLBPTZ,
42 .8.1 Subroutine Name: AMG

1. Entry Point: AMG
2. Purpose: Module driver for AMG - see description abave,

3, Calling Sequence: CALL AMG
3,1.8.2 Subroutine Name: OLAMG

1. Entry Point: DLAMG
2. Purpose: Output AJJL and SJK parts for Doublet Lattice without bodies.
3. Calling Sequence: CALL DLAMG {ACPT, AJJL, SKJ)

ACPT -~ GIN@ file number of ACPT.

AJJL - GINg file number of AJJL.

SKJ - GINg file number of SKJ.

4, Core Requirement: Core needed is four buffers plus record of ACPT plus 2*NJ.
3,7%.8.3 Subroutine Name: GEND

1. Entry Point: GEND
2. Purpose: Output 211 the columns of AJJL associated with a record on ACPT.
3. Calling Sequence: CALL GEND (NCARAY,NBARAY,YS,25,5G,CG,0T,WPRK,MATRUT)
NCARAY, NBARAY, YS, ZS, SG, and CG are the locations of these arrays from the ACPT record.

DT - Jocation to put column of AJJL - compiex
WPRK - start of open core
MATRUT - GIN file number of AJJL.

3.17
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3.2 .8.4 Subroutine Name: DPPS

1. Entry Point: OPPS

[~
o

Purpose: Compute the elements in a row of AJJL.

Calling Sequence: CALL DPPS {KS,I,J1,J2,5GR,CGR,YS,ZS,NBARAY ,HCARAY DT ,WPRK)

Eat |
[*%)

KS - Strip number in which receiver point I lies
I - Box number of receiver point
E J1 -1
J2 - Number of boxes
i, SGR - Sine of dihedral angle of recejver strip (from SG array)
CGR - Cosine of dihedral angle of recefver strip (from (G array)

YS, Z5, NBARAY, NCARAY - location of these arrays from ACPT record
o7 - location to start putting elements of column - complex

WBRK - start of open core

gf*'! “'-E

2,2 .8.5 Subroutine Name: SUBP

L= |

1. Entry Point: SUBP

E 2. Purpose: Compute downwash factor element.

- 3. Calling Sequence: CALL SUBP(I,L,LS,J,5GR,CGR,YREC,ZREC,SUM,XIC,DELX ,EE,XLAM,SG,CG,YS,ZS)
T [ - Box number of receiving point

- L - Panel number in which sending point J lies

e LS - Strip number in which sending point J lies

12 J - Box number of sending point (also row number of output column)

SGR - Sine (see DPPS)

=)

CGR - Cosine (see DPPS)

YREC - YS(KS) - y coordinate from ACPT array
ZREC - 25(KS) - z coordinate from ACPT array
SUM - Qutput element - complex

XIC,DELX,EE,XLAM,SG,(G,YS,Z5 - locations of these arrays for ACPT record,

3.1 .8.6 Subroutine Name: SNPDF

[ oo T oo R TR

1. Entry Point: SNPDF

2. Purpose: Compute the steady downwash factors ior one receiving-sending point combipation.

3.18
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Calling

SL
ClL.
TL
565
CGS
SGR
CGR
X0
Yo
0
ES
0IJ
BETA
cv

FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

Sequence: CALL SNPDF (SL,.CL,TL,S6S,CGS,SGR,CGR,X0,Y0,720,ES,DIJ,BETA,CV)

Sine ot sweep angle of sending box

- usine of sweep angle of sending box

jangant of sweep angle of sending box (from ACPT)

Sine of dihedral angle of sending point

Cosine of dihedral angie of sending point

Sine of dihedral angle of receiving point

Cosine of dihedral angle of receiving point

X coordinate of receiving point, X coordinate of "center" of sending point
¥ coordinate of receiving point, Y coordinate of "center" of sending point
Z coordinate of receiving point, 2 coordinate of "center" of sending point
Sending point strip half width

Steady contribution to downwash - output

Square root of l.O-M?

Chord of sending point

3,1 .8,7 Subroutine Name: INCR@

1.

Entry Point: INCRO®

Purpoese:

Calling

AX

AY

AZ

AX]
AY1
Azl
Ax2
AY?Y
AZ2
SGR
CGR
565
CGS

1

Computes the unsteady downwash factor for one receiving-sending point combination

Sequence: CALL INCRB(AX,AY,AZ,AXT,AY1,AZ1,AX2,AY2,AZ2,SGR,CGR,SG5,0GS,KR,RL,BETA,

SDELX ,DELY,DELR,DELI)
X0
Yo
20
XO+ES*TL
YO+ES*CGS
20-E5*SGS
X0-ES*TL See definitions for SNPDF (Section 4,114.8.6).
YO-ES*CGS
Z0-ES*SGS

tﬂ’%’
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KR - Roguced freguency

RL - REF(

BETA - Square root of 1.0-M2

SDELX - Box chord of sending point

DELY - 2.0* sending point strip half width
DELR ' - Qutput - real part of downwash factor

DELI - Qutput - imagimary part of downwash factor

4. Method: INCR@ calls TKER for three points for each receiving-sending box combination {the

center, the inboard point, and the outboard point). Then INCRP calls IDF] and IDF2 to

perform the integration of the kernels.
2 1 .8.8 Subroutine Name: TKER

1. Entry Point: TKER
2, Purpose: Compute incremental oscillating kernel

3. Calling Sequence: CALL TKER{X,Y,Z,KR,BR,SGR,CGR,SGS,C6S,T1,T2,M)

X - AX, AX1, or AXZ2 for center, inboard, outbeard

Y - AY, AY1, or AYZ for center, inboard, outboard see INCRP (see Section 4.114.8.7: ;;‘
z -~ Al, AZ1, or AZZ2 for center, inboard, outboard -
KR - Reduced frequency .
BR - REFC/2.0 !
SGR, CGR, SGS, CGS - See SNPOF (section 4.114.8.6)

T1 - Dutput - cosine (yr - YS)Y ~ dihedral angle (receiving (r) or sending (s5))

T2 - OQutput - [(Z cos Y, - ¥ sin Yr) x (Z cos Y, - ¥ sin Ys)]/(BR/M)2 z

M - Mach number %

4. Method: Kernel components are returned in common DLM.
3.2 5.9 Subroutine Name: IDF1

1. Entry Point: IOF)

2. Purpose: Integration of the planar parts of the kernels

3. Calling Sequence: CALL IDF1(EE,E2,ETAO1,ZETO1,ARE,AIM,BRE,BIM,CRE,CIM,R1SQX,XIIJR,X11JT)

EE - Sending strip half width

g2 - el

3.20
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ETAO - AY cos v, + AZ sin v (AY and AX, see INCR@}{y see TKER) (Sections 4.114.7, 4.114.8)
ZETO1 - AZ cos Yy - AY sin Y

ARE, AIM, BRE, BIM, .RE, CIM - coefficients of the parabola for planar part
RISOX - AYZ + A77
XIIJR - output - real part of planar integral contribution

XI1Jl - output - imaginary part of planar integral contribution

3.2 .8.10 Subroutine Name: IDF2

Entry Point:; IDF2

Purpose: Integration of the nonplanar parts of kernels

Calling Sequence: CALL IDF2{EE,E2,ETAO1,ZETO1,A2R,A21,B2R,B21,C2R,C21,R1SQX,DIIJR,DIIJI)
EE, E2, ETAQY, ZETO1 - same as IDF! {Section 4.114.8.9)

A2R, A21, BZR, B2I, C2R, C2I - coefficients of the parabola for the nonplanar part

RISQX - See IDF1 {Section 4.114.8.9)

BITJR - output - real part of nonplanar integral contribution

DITJI - output - imaginary part of nonplanar integral contribution

3,2 .8.11 Subroutine Name: DLPTZ

1.
2.

Entry Point: DLPTZ

Purpose: To output the Doublet Lattice without Bodies parts for matrices D1JK and D2JK.
Calling Sequence: CALL DLPT2(ACPT,DTJK,D2JK)

ACPT - GINP@ rumber

D1JK - GIN@ number

D2JK - GINY number

3,2..8.12 Subroutine Name: DLAMBY

Entry Point: DLAMBY

Purpose: Output AJJL and SKJ parts for Doublet Lattice with Bodies
Calling Sequence: CALL DLAMBY{ACPT,AJJL,SKJ}

ACPY, AJJL, and SKJ are GINP file numbers

Core Reguirements: Four buffers plus record of ACPT plus 4*NJ,
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i
r 3.2 .8.13 Subroutine Name: GENDSB *g
1. Entry Point: GENDSB ;
'l 2. Purpose: Generate part of the AJJL influence coefficient matrix E
3. cCalling Sequence: CALL GENDSE({NCARAY,NBARAY,SG,CG,NFL ,NBEA),NBEA2,IFLAY,IFLAZ,DT,DPY) ?
!: NCARAY to IFLAZ - the locations of these arrays from ACPT record ?
o1 - storage for 2*NJ words |
!ﬂ DPY - storage for 2*NJ words
4. Core Requirements: Up to 4 buffers may be used {2 for Y bodies, 1 for Z bodies, and 1 ;
l- for panels}. :
31,24 .8.14 Subroutine Name: DPPSB
?
o 1. Entry Point: 0PPSB .
. 2. Purpose: Compute the element in a panel on panel row of AJJL.
i; 3, Calling Sequence: CALL DPPSB(KS,I,J1,J2,5GR,CGR,YS,ZS,NBARAY ,NCARAY,DT,WERK)
Same as DPPS
[ .
) 3.2 .8.15 Subroutine Name: DPZY %n
1 1. Entry Point: DPZY :
2. Purpose: Compute the elements in an interference element on a panel in AJJL
E 3. Calling Sequence: CALL DPZY(KB,IZ,1,J1,J2,IFIRST,ILAST,YB,ZB,AVR ,ARB,THIA,TH2A ,NT12T, i
NT122 ,NBARAY ,NCARAY ,NZYK8 ,DPZ ,DPY) i
i K8 - Body number in which receiving point I lies "
12 - Body element number of body KB in which I lies %
1 - Receiving point i
E; J1 - Starting element number ;
J2 - End’ 3 element number ;
g: IFIRST- e] starting element ;
ILAST - @, ending element é
E YB to NCARAY - locations of arrays in ACPT record !
NZYKB - Z-Y flag 4
i

DPZ - Storage for row of AJIL

LA ]

DPY - Storage for row of AdJL
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3...8.16 ° >sroutine Name: DZPY

1.
2.

Entry Point: DZPY
Purpose: Compute the elements in a column of AJJL for Z interference elements

Calling Sequence: CALL DZPY(KB,KS,LS,I,d7,J2,NYFLAG,SGR,CGR,FMACH,ARB,NBEAT,DT)

KB - See DPZY (Section 4.174.8,15)
KS - index of receiving point Y-Z coordinates
LS - strip number

1,01,J2 - See DPZY (Section 4,114,8,15)
NYFLAG- Type to build

SGR,CGR - See DPPS (Section 4.114.8.4

FMACH - Mach number

ARB,NBEAT - Tocation of arrays in ACPT record
1)} - Storage for vow of AJJL

3.2 .B.17 Subroutine Name: DYPZ

1.
Z.

Entry Paint: DYPZ

Purpose: Compute the elements in a column of AJJL for Y-interference elements

Calling Sequence: CALL DYPZ(KB,KS,LS,I,d1,J2,NYFLAG,SGR,CGR,FMACH,ARB,NBEA,LBO,LS0,J80,0T)
KB to NBEAl - See DZPY (Section 4.114.8.16)

LBO - first body with Y orientation

LSO - Z-Y coordinate index for fi-st alement of LBO
JB0 - Sending point index for first ¥ oriented body element
DT - Storage for row of AJJL

3.2 .8.18 Subroutine Name: SUBPB

Entry Point: SUBPB
Purpose: Compute downwash facto' elements on panels

Calling Sequence: CALL SUBPB(I,L,LS,J,SGR,CGR,YREC,ZREC,SUM,XIC,DELX,EE,XLAM,56,C6,YS,2S,
NAS,NASB,AVR,Z8,YB,ARB,XLE,XTE,X,NB)

I to SUM - See SUBP (Section 4.114.8.5)
XIC to X - locaticn of arrays from ACPT record

NB - number of bodies
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3.2 .8.19 Subroutine Name; SUBB

1. Entry Point: SUBB
2. Purpose:; Compute downwash factor elements on bodies

3. Calling Sequence: CALL SUBB(KB,KS,I,J,08,LB,LS,NDY,NYFL,PI,EPS,5GR,CGR,AR,BETA,SUM,RIA,

DELX,YB,ZB,YS,ZS,X)
KB - index of receiving body
KS - strip number of receiving point
I - receiving point index
N - sending point index
JB - sending point index
LB - body number of sending point

NYFL - type to build

{
[
[
[
E
[
E

Pl -
EPS - 00007

-~

F

SGR - CGR - See DPPS (Section 4.114.8.4)

-

AR - aspect ratio of body
BETA

See SNPDF (Section 4.114.8.6)
SUM - Output

RIA-X - locations of arrays in ACPT record
3.2 .8.20 Subroutine Name: SUBI

1. Entry Point: SuBI
2. Purpose: Compute the image point coordinates inside associated bodies on MU-Z and MU-Y.

E
[
|
[

3. Calling Sequence: CALL SUBI{DA,DZB,DYB,DAR,DETA,DZETA,DCGAM,DSGAM,DEE,DXI,TL,DETAT,

d NDY - Z-Y flag
: DZETAI,DLGAMI,DSGAMI ,DEET,DTLAME ,OMUY ,DMUZ, INFL, 10TFL)

[ See Reference 1 {Section 4,114,11) for argument list.
E 3.0 .8.21 Subroutine Name: DZY

1. Entry Point: DZY
2. Purpose: Calculated effect of slender body element on a panel element

3. Calling Sequence: CALL DZY(X,Y,Z,S6R,CGR,SI1,XI2,ETA,ZETA,AR,A0,KR,REFC,BETA,FMACH,LNS,
| 1DZ0Y,DZ0YR,DZOYI)

See Reference 1 (Section 4.114.11) for argument list.
| 3.24
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7,2 .8.22 Subroutine Name: TVQR

1. Entry Point: TVER
2, Purpose: C(Calculate normalwash at a point due to a trapezoidal unsteady index ring

3. Calling Sequence: CALL TVBR(SL%,CL1,TL1,SL2,CL2,TL2,5G5,CGS,SGR,CGR,%01,X02,Y0,20,E,
BETA,REFC,FMACH, KR ,BRE,BIH)

See Reference 1 (Section 4.114.11) for argument 1ist.
3.2 .8.23 Subroutine Name: FLLD

1. Entry Point: FLLD
2, Purpose: Calculate the velocity normal to a surface due to a finite length line doubled,

3. Calling Sequence: CALL FLLD{X01,%02,Y0,20,5GR,CGR,5GS,CGS,KR,REFC,FMACH,E,L,KD1R,KD11,
KD2R,KD21)

See Reference 1 (Section 4.114,11) for argument 1ist.
3.2 .8.24 Subroutine Name: AMGR@D

1. Entry Point: AMGRQD
2. Purpose: Calculate normalwash at panels and interference clements due to slender elements
3. cCalling Sequence: CALL AMGRAD(D,BETA)

D - storage for a row of AJJL

BETA - square root of 1.~M2

3.2 .8.25 Subroutine Name; DZYMAT

1. Entry Point: [RIYMAT
2. Purpose: Calculate a slender element column of AJJL

3. Calling Sequence: CALL DZYMAT({D,NFB,MLB,NTZYS,IDZDY,NTAPE,X,BETA,IPRT.NS,NC,YS,25,5G,C6,
Y8,28,NBEAT)

] - storage for a row of AJJL
NFE - number of first body

NLB - number of last body

NTZYS - number of slender elements
IDZDY - Z-Y flag

NTAPE - GINP file for output

X - location of array from ACPT record

3.25
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BETA - see AMGRPD
IPRT - print flag

NS to NBEA) - locations of array from ACPT record

4.2 .8.26 Subroutine Name: R@WDZY

Entry Point: RPWDZY
Purpose: To set up call to DZY

Calling Sequence: CALL R@WDZY(NFB,NLB,RPW,NTZYS,D,DX,DY,DZ,BETA,IDZDY,NTAPE,SG,CG, IPRT,

Y8,ZB,ARB,NSBEA,XIS1,X152,A0)
NFB,NL8,NTZY5,0,BETA,I10ZD1,NTAPE,IPRT - same as DZYMAT
RBW - row position of answer
DX,DY,0Z - X, ¥, Z of receiving point
$G,(6,YB,ZB ,ARB ,NSBEA ,XIS1,XI52,A0 - locations of arrays from ACPT record

3.2 .B.27 Subroutine Name: AMGSBA

Entry Point: AMGSBA

Purpose: Add siender body terms and pack out final AJJL for bodies
Calling Sequence: CALL AMGSBA{AJJL,AB,AR,NSBE,A)

AJJL - GIN@ file number

AB,AR - Tacations of arrays from ACPT record

NSBE - number of slender body elements

A storage for a row of AJJL

3,1 .8.22 Subroutine Name: AMGBFS

1.
2,

Entry Point: AMGBFS

Purpose: Build the SKJ matrix for bodies

Calling Sequence: CALL AMGBFS{SkJ,EE,DELX,NCARAY ,NBARAY ,XIS2,XIS7,AD ABP ,NSBE)
SKJ - GIN@ file number

EE to AOP - locations of arrays from ACPT record

NSBE - number of slender body elements

)
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3,2 .8.29 Subroutine Name: BFSMAT

1. Entry Point: BFSMAT

2. Purpose: Form force matrices for slender elements

3. Calling Sequence: CALL BFSMAT{ND,NE,NB,NP ,NTP,LENGTH,NTO,5CR1,JF,JL,NAS,FMACH,YB,ZB,YS,

2%,%,DELX,EE,XIC,5G,C6,AR,RIA,NBEA] ,NBEAZ ,NASB , NGARAY ,
NCARAY ,BFS ,AVR ,REFC,A®,X1S1,X152,KR,NSBEA,NT}}

See Reference 1 {Section 4.114.11) for argument 1ist.
2.2 ,8.,30 Subroutine Name: FWMW

1. Entry Point: FuMW

2. Purpose: Add in images, symmetry, plane and ground effects

3, Calling Sequence: CALL FWMW(ND,NE,SGS,CGS,IRB,A®,ARB,XBLE,XBTE,YB,ZB,XS,YS,75,NAS,NAS3,

KR,BETAZ2 ,REFC,AVR,FWZ,FWY)
See Reference 1 (Section 4.114.11) for argument list.

3.2 8.3 Subroutine Name: FIV2

1. Entry Point: FZVZ
2. Purpose: Calculate the farce numbers for FWMW

3, Calling Sequence: CALL FZY2{X1J,X1,%2,ETA,ZETA,YB,Z8,A,BETA2,REFC,KR,FZZR,FZZ1,FZYR,
FIYI,FYZIR,FYZI,FYYR,FYYI)

See Reference 1 (Section 4.114.11) for argument list.
4.2.8.32 Subrovtine Name: DLBPT2

1. Entry Point: ODLBPT2
2. Purpose: Output the Doubiet Lattice with Bodies parts of D1JK, D2JK
3, Calling Sequence: CALL DLBPT2({ACPT,D1JK,D23K)

ACPT, D1JK, D2JK . GING file numbers

2,2..8.33 Subroutine Name: MBAMG

i. Enury Point: MBAMG

2. Purposa: ODriver for Mach Box Method

3. Calling Sequence: CALL MBAMG(ACPT,AJJL,SKd)
ACPT, AJJL, SKJ - GING file numbers

3.27
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3,4 .8.34 Subroutine Name: MBPRIT

e’.l!.u E '

Entry Point: MBPRIT

oy
re

Purpose: Print geometry data

3. Calling Sequence: CALL MBPRIT(AW,AC,AT)

AW - area of wing |
AC - area of control ane ‘
g: AT - area of control two ;

3,2 .8.35 Subroutine Name: MBGERD

o
" 1

1. Entry Point: MBGE@D

2, Purpose: Compute the geometry of the planform

| e ]
e - b

3. Calling Sequence: MBGE@D

3 7.2.8.36 Subroutine Name: MBREG i

- ;

é 1. Entry Point: MBREG . =
" 2. Purpose: Compute the limits of the region and the percentage of box in each L&
E 3. Calling Sequence: CALL MBREG{IREG,NWI,NWN,NC21,NC2N,NC1,NCN,NDT,NDN,XK,YK,XK1,YKT,XK2, ?li
- YK2 ,XWTE,YWTE ,KTE ,KTET ,KTEZ ,PAREA)

K IREF -~ flag for MBREG success - 2 = fail

NW1 - PAREA - location of arrays which MBREG is to build ’
h@ 3.2 .8.37 Subroutine Name: MBCTRI

\-+

_ 1. Entry Point: MBCTR}

_E 2. Purpose: Compute the region calculations for control one

3. Calling Sequence: CALL MBCTRI(ICT,IRT,NCN,NCT,NWN,NW},PAREA)

IC] - starting box number for control one

H |
[ IV

IRl - ending box number for control one

NCN to PAREA - locations of arrays which MBCTRY is to build

3,2 .8.38 Subroutine Name: MBCTRZ

1, Entry Point: MBCTR2

2. Purpose: Compute the region calculations for contrel two

!.. {
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3. Calling Sequence: CALL MBCTRZ(IL2,IRZ,NC2N,NC27,NWN,NIW1,PAREA)
IL2 - startinj box for control two
IRz - ending box for contral two

NC2N to PAREA - location of arrays which MBCTRZ is to build
4,2 .B.39 Subroutine Name: MBPLAT

1. Entry Point: MBPLPT
2. Puyrpase: Print a representation of the planform
3. Calling Sequence: CALL MBPLEAT{NW1,ND1,NWN,NC21,NCZN,NC1 ,NCN,NDN)

NW1 - NDN - Tocations of arrays which define planform boxes
3,4 .8.40 Subroutine Name: MBMPDE

}. Entry Point: MOMPDE

2. Purpose; Build the mode-1ike data from surface interpolation

3. Calling Sequence: CALL MBM@DE(ACPT,SCR2,ICPR,NCPR,Z,NI,ND,XD,YD,IS,CR)
ACPT, SCR2 - GIN file numbers
ICPR - first available location in MBAMAX
NC@R - last available location in MBAMGX

z - start of open core

Nl - number of independent points
ND - number of dependent points

XD - X location of dependent points
YD - Y Tocation of dependent points
1S - singuiarity flag

CR - nen-dimensicnalizing number

4,1 .B.41 Subroutine Name: MBCAP

1. Entry Point: MBCAP
2. Purpose: Compute the velocity potential influence coefficients
3. Calling Sequence: CALL MBCAP{NPNI,CAPPNI}

NPRI - number of coefficients computed

CAPPNI - location to store coefficients

3.29
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7.2 .8.42 Subroutine Name: MBBSLJ

1. Entry Point: MBBSLJ
2. Purpose: Compute even-ordered Bessel Functions

3. Calling Sequence: CALL MBBSLJ(ARG,N,BSL)

ARG - input argument
N - order

BSL - storage for answers (length N)
2.2.8.43 Subroutine Name: ZJ

1. Entry Point: ZJ
2. lero order Bessel Function
3. Calling Sequence: X%=ZJ(ARG)

ARG - input argument
3.2 .8.44 Subroutine Name: GP

1. Entry Point: GpP
2. Purpose: Evaluate an Expression [¢(%, nu) - (R, nl)]
3. Calling Sequence: ANS=GP{R,ETAR,ETAL,EKM)}

R =¥

ETAR = n,
ETAL = n,
EXMH =0

3., 2..8.45 Subroutine Name: MBDPDH

1. Entry Point: MBOPDH
2. Purpose: Driver for computing and outputing the terms of AJJL for Mach Box Method

3. Calling Sequence: CALL MBOPOH{AJJL,F,DF,F1,0F1,F2,DF2,XWTE,YWTE,PAREA,CAPPNI,DPNITE,
D55,Q,Q1,Q2,HDN,NDY ,NW] ,NWN ,KTE ,KTE1,KTEZ ,NTE,NNCB,
NNSBOD,IW17,18UF,A)

AJJL - GIN@ file number
F - NTE - laocations of array for Mach box

NNCB - number or chordwise boxes
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NNSBD - number of spanwise boxes
IW17 - GIND file number
IBUF

pointer to a buffer

=
1

storage for a row of AJJL

3,2 .8.46 Subroutine Name: MbCAE

Entry Point: MBGAE

Purpose: Final calculation and output for AJJL

Calling Sequence: CALL MBGAE{AJJL,IN17,A,F,DF,F1,DF1,F2,DF2,0,Q1,02,MP@D)
AJJL,IN17 - GINP file numbers

F to Q2 - locations of Mach box arrays

MAaAD - row number of AJJL

7.% .8.47 Subroutine Name: MBGATE

Entry Point: MBGATE

Purpose: Compute sum on trailing edge

Calling Sequence: CALL MBGATE(NT@TE,DPHITE,N,YWTE,Q,Q1,Q2,KTE,KTET,KTEZ)
NT@TE - number of trailing edge terms

DPHITE - KTE2 - locations of Mach Box arrays

3 L ..8.48 Subroutine Name: MBGAW

1.
2.

Entry Point: MBGAW

Purpose: Compute sum on wing

Calling Sequence: CALL MBGAW(B@XL,DPHIL,WS,PAW,PAF1,PAF2,0Q, Q1,02,M,KC,KCT,KC2)
B@AXL - box length

DPHI - Q2 - location of Mach Box arrays

M - KCZ2 - indexes to arrays

2.2.8.49 Complex Functiss Name: SUMPHI

1.
2,

Entry Point: SUMPHI

Purpase: Compute sum of (N*ak) on the wing

Calling Sequence: SUM=SUMPHI({IXR,IYR,ND1,NDN,CAPPNI,DSS,N,M,ASYM)
IXR,IYR,N,M,ASYM - index and flags

ND1,NDN,CAPPNI,DSS - location of arrays

3.31
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3.2 .8.50 Complex Function Mame: TRAILE

Entry Point: TRAILE

Purpose: Compute sum of (N*AH} on tip
Calling Sequence: SUM=TRAILE(X,J,H,P,M,BRXL)
J,M,N - pointers

X - values

]

location of array

BRXL

box length

3.2 .8.51 Subroutine Name; STPDA

Entry Point: STPDA

Purpose: Driver for Section one of Strip Theory
Calling Sequence: CALL STPDA(ACPT,AJJL,SKJ)
ACPT,AJUL,S5KJ - GIMP file numbers

3,2 .8.92 Subroutine Name: STPBG

Entry Point: STPBG

Purpose: Builds two intermediate matrices for Strip Theory calculations {BM and GM)

Calling Sequence: CALL STPBG(BM,GM,NS,BL@AC,D,CA,NSIZE)
BM - storage for BM matrix

GM - storage for GM matrix

NS - number of strips

BLAC - array of semi-chord lengths for strips

D - array of hinge line lengths

CA - array of control surface chords

NSIZE - array of strip types

3.2~.8.53 Subroutine Name: STPPHI

1.
2,

Entry Point: STPPHI

Purpose: Calculate the ¢ functions

Calling Sequence: CALL STPPHI{CA,BL@C,PM,NS)
CA,BLAC,NS - See STPBG

OM - Storage for ¢ functions

3.32
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3,2.8.54 Subroutine Name: STPAIC

Entry Point; STPAIC

Purpose: Calculate and output AJJL for Strip Theory

Calling Sequence: CALL STPAIC(BLQC,DY,NSIZE,GAP,BN,GM,PM,NS,CLA,AJIL)
BL@C,NSIZE,NS,BM,GM - See STPBG

GAP
PM
DY
CLA
AJJdL

zrray of control surface gap
See STPPHI

array of Strip widths

array of Tift curve slopes

GINg file numbers

3,2 .8.55 Subroutine Name: STPK

Entry Point: STPK

Purpose:

Calling

EK

N
NST@P
NAPEN
NSTED
TSR
M

CR

cl

M

J1

Calculate the K-matrix for Strip Theory

Sequence: CALL STPK(EK,N,NSTPP,NBPEN ,NSTED,TSR,PM,CR,CI,IM,J1)

modified reduced frequency
strip number

strip type

cantrol surface flag
reduced freguency flag
.5*GAP/BL@C

¢

Theodorsen Function

0.

k-size

J-size

7.1 .8.56 Subroutine Name: STPBSO

1.
2.
3.

Entry Point: STPBSO

Purpose:

J and Y Bessell functions of order zero

Calling Sequence: CALL STPBSO({X,NCPDE,BJO,BYO)}

X

input argument

3.33
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NC@ADE - flag
BJO - J Bessel
BY0O - Y Bessel

3.2 .8.57 Subroutine Name: STPBSI1

1. Entry Point; STPBS)
2. Purpose: J and Y Bessel Function of first order

3. Calling Sequence: CALL STPBS1{X,NCPDE,BJ1,BY1)

X ~ input argument
NC@RDE - flag

BJ1 - J Bessel

BYl - ' Bessel

7.2 .8.58 Subroutine Name: STPPT2

1. Entry Point: STPPT2
2. Purpose: Qutput §1JK and D2JK for Strip Theory, Mach Box and Piston Theory
3. Calling Sequence; CALL STPPT2(ACPT,D1JK,D2JK)

ACPT,D1JK,D2JK - GIN@ file numbers

3,2 .8.59 Subroutine Name: PSTAMG

1. Entry Point: PSTAMG

2. Purpose: Driver for Section one of Piston Theory

3. Calling Sequence: CALL PSTAMG(ACPT,AJOL,SKJ)
ACPT,AJJL,SKJ - GINP file numbers

3.1 .8.60 Subroutine Name: PSTA

1. Entry Point: PSTA
2, Purpose: Calculate and cutput AJJL for Piston Thegry
3. Calling Sequence: CALL PSTA(DELTY,BI,CA,ALPH,THI,AJJL)
DELTY - array of strip width
BI - array of semi-chord lengths for strips

CA - array of chord lengths of each strip

3.34
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oy

ALPH - Alpha array (angle of attack)
THI - Theta array {thickness ratio) f
AJL - GINP file number

iy

3.2 .8.4! Subroutine Name: AMGBI

1. FEntry Point: AMGB!

M;“ -

2. Purpose: Driver for the compressor blade method for ATTL awd $xT deuwunqu.

gy

'3, Calling Sequence: CALL AMGB] (INPUT, MATPUT , SxT)

gy

INPUT GING file number for ACPT

HATRUT GING file number for AJJL
SKJ GINE file number for S5KJ

3.2 .8.412 Subroutine Name: AMGBIA

w:‘r‘ t s |
n

1. Entry Point: AMGBIA

2. Purpose: Qutput all the columns of AJJL associated with a record .

of ACPT. 3 .

gy

L ]
.

reser |

Wt duaes

ATt o T

o
NS

3
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X
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3. Calling Sequence: CALL AMGBYA (INPUT, MATQUT, AJJ, AJJT, TEBNX,
TAMACH, TREFD)

INPUT = GING file number of ACPT
MATRUT

n

GIND file number of AJJL

AJJ = Storage for AJJL submatrices - complex

AJJT a Storage for one column of AJJL

T$PNX = Stores position of transonic submatrix in AJJL for a particular
transonjc streamline

TAMACH = Stores Mach numbers of transonic streamlines

TREFD = Stores reduced frequencies of transonfic streamlines
3.1 .8.6% Subroutine Name: AMGBIB
1. Entry Point: AMGB1B
2. Purpose: Calculates AJJL terms for supsonic streamlines.
3. Calling Sequence: CALL AMGBIB {AJJL)
AJJL = Location to put subsonic AJJL submatrix for this streamline
2.2 .B.4Y Subroutine Name: AMGBIC
v, Entry Point: AMGBIC
2. Purpose: Calculates AJJL terms for supersonic streamlines.
3. Calling Sequence: CALL AMGBIC {AJJL)

AJJL = Location to put supersenic AJJL submatrix for this streamline

3.36
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX DISTRIBUTOR)

3.1 .8.65 Subroutine Name: AMGBID
1. Entry Point: AMGBID
2. Purpose: Calculates AJJL terms for transonic streamlines.

3. Calling Sequence: CALL AMGBID (AJJL, TIONX, TAMACH, TREDF)

AJJL = AJJL submatrices for all subsonic and supersonic streamlines.
It also contains space for transonic submatrices,
T#PNX = (fnteger) - vector - non-Zero indicates transonic streamline

2ero 1f known streamline
TAMACH = Vector of streamline Mach numbers

TREGF = Vector of streamline reduced frequencifes
3,2 .8.66 Subroutine Name: INTERT
1. Entry Point: INTERT

2. Purpose: To linearly interpolate by Mach number a2 transonic general

Afr Force matrix given two known streamline matrices.

3. Calling Sequence: CALL INTERT (NL, NL1, NL2, NM, AJJ, TA)

NL = Streamline number of unknown transonic

NL1, NL2 = Two known streamlines

NM = Size of matrix in AJJ = 2 ® NSTNS * NSTNS

AJdd = Contains all generalized Air Force matrices for all

streamlines

TA e VYector of streamiine Mach numbers

3.1 .8.47 subroutine Names: SUBA, susgs, susC, SuBp, ALAMDA, AKP2, AKAPPA,
DLKAPM, ASYCON, AKAPM, DRKAPH

1. €ntry Points: The game as name

2. Purpose: (Calied by AMGBIC
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FUNCTIONAL MODULE AMG {AERODYNAMIC MATRIX DISTRIBYTOR)

3.2 .8.LF Subroutine Name: GAUSS

1.

2.

3,

Entry Point: GAUSS
Purpose: Equation Solver used by AMGBIB,

Calling Sequence: CALL GAUSS {A, N, NL)

7.0 .8.69 Subroutine Name: AMGB?

1.

2.

Entry Point: AMGB2Z

Purpose: To output the compressor blade parts for matrices

and D2JK.

talling Sequence: CALL AMGB2 (INPUT, H1JK, W2J%)

INPUT = GINP file number for ACTP

WiJK = GIN@ file number for DIJK
H2JKK = GIN@ file number for D2JK

7,2 .8.70 Subroutine Name: AMGB2A

1.

2. Purpose: Calculate [F*1] matrix used in the generation of PATK.,

3.

Entry Point: AMGB2A

Calling Sequence: CALL AMGB2A (INPUT, FMAT, XYZB, INDEK)

INPUT = GINP fila number of ACPT

FMAT = Locatton for [F-1) matrix

XY2ZB = Location for basic coordinates of nodes on streamlfne
INDEX = HWork stirage for INVERS ‘

DYJK

3.38
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX DISTRIBUTOR)

2,2 .8.71 Subroutine Name: AMGB1S

1.

z.

Entry Point: AMGB1S

Purpose: <Calculate [F“1] matrix and W factor used in the generation of

SKJ.

C2lling Sequence: CALL AMGBIS (INPUT, FMAT, XY2B, INDEX, RADII, WFACT,

HUINE)

INPUT = GINY file number of ACPT
FMAT

n

Location for [F'IJ matrix

w

XYZR Location for basic coordinates of nodes on streamline
INDEX = Work storage for INYERS

HFACT = Factor for output

NLINE ¢ Number of streamlines

RADII = Streamline radius

3.39
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

3,2 .8.72 Subroutine Name; AMGT!

1.
2.

Entry Point: AMGTI

Purpose: Driver for the swept turboprop btade method for AJJL and SKJ

generation.

Calling Sequence: CALL AMGT] {INPUT, MATRUT, SKJ)

INPUT = GINP file number for ACPT
MATRUT = GING file number for AJJL
SKJ = GIME file number for SKJ

F.1.8,73 Subroutine Name: AMGTIA

1.
2,

Entry Point: AGMTI1A

Purpose: OQutput all the columns of AJJL associated with a record of ACPT.
Calling Sequence: CALL AMGTIA (INPUT, MATAUT, AJJ, AJJT, TEOHX, TAMACH,

TREFD, NETNB2),

INPUT = GINE file number of ACPT

MATEUT = GIND file number of AJUL

Al = Storage of AJJL submatrices - complex
AJT = Storage for one column of AJJL

TRONX =

TAMACH = Not used.

TREFD =

NETNEZ = 2* no. of stations on a streamline.

3.40
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FUNCTIONAL MODULE AMG {AERODYNAMIC MATRIX DISTRIBUTOR)

3.2 .8.74 Subroutine Name: AMGT13

E e

1. Entry Point: AMGTIB
2. Purpose: Calculates AJJL terms for subsonic stream)ines.

3. Calling Sequence: CALL AMGT18 (AJJL, NSTNS2, C3, C4)

AdJL = Location to put subsonfc AJJL submatrix for this streamline

NSTNSZ = No. of stations on a streamline X 2 §
f

€3, C4 = Input constants

3, & ..8.75 Subroutine Name: AMGTIC

1. Entry Point: AMGTIC 3
2. Purpose: Writes error message for supersonic streamlines for turboprop blades.

3. Calling Sequence: CALL AMGTIC {AdJL, MSTH52Z)

7,2 .8.76 Subroutine Name: AMGTID

1. Entry Point: AMGTID ;
2. Purpose: MWrites error message for transonic streamlines fu~ turboprop bladas. ‘J
3. Calling Sequence: CALL AMGTID {AJJL, TSONX, TAMACH, TRDF, NSTNS?) %5
3
1,2 .8.77 Subroutine Name: AMGTIS bR
1. Entry Point: AMGTIS
2. Purpose: C(alculate [F'TJ matrix used in the generation of SKJ. 3

3. Calling Sequence: CALL AMGT1S (INPUT, FMAT, XYZB, IWDEX).

T A

INPUT = GINO file number of ACPT ]
FMAT = Location for [F"‘J matrix f
XYZB = Location for basic coordinates of nodes on streamline T
INDEX = Work storage for INVERS

II 3.41
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FUNCTIONAL MODULE AMG {AERCDYNAMIC MATRIX GENERATOR)

J.2 ,8.78 Subroutine Name: AMGTIT

1.
2,

Entry Point: AMGTIT

Purpose: Calculate constants €3, C4 for subspnic streamline on swept tyrboprop

blade,
Calling Sequence: CALL AMGTIT (NLINES, NLINE, INPUT, NSTNS, C3, C4)

NLINES = Total no. of streamlines on blade

NLINE = Streamline being considered

INPUT = GINO file number for ACPT
NSTNS = No. of stations on a streamline.
C3, C4 = Qutput constants

3.2 .8.79 Subroutine Name: AMGT2

1.
2.

Entry Point: AMGT2

Purpose: To output the swept turboprop blade parts for matrices D1JK and D2JK.

Calling Sequence: CALL AMGTZ (INPUT, D1JK, D2JK)

INPUT = GIND file number for ACTP
D1JK = GING file number for DIJK
02JK = GINO file number for D2JK

3.42
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX DISTRIBUTOR)
2.2 .8.80 Subroutine Name: AMGT2A

1. Entry Point: AMGTZA
2. Purpose: Calculate [F']J matrix used in the generation of D1JK.
3. Calling Sequence: CALL AMGT2A (INPUT, FMAT, XYZB, INDEX)

INPUT

GINO file number of ACPT
FMAT = Location for [F']] matrix

XYZB
INDEX

Location for basic coordinates of nodes on streamline

u

Hork storage for INVERS
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4.2 .9 Design Requirements

For Section one, four buffers are allocated at the bottom of cgre.

buffers are allocated at the bottom of core.

but they must not overlap these buffers.

3.2 .9.1 Common Blocks

Far Section two, throe

Each method may have {ts own open core common block

AMGMN - Doublet Lattice without Bodies Communication

Hords

1-7 MCB - Tratler for AdJL

8 NRQW - Last row number output for any method on AJJL

9 ND - Y-symmetry flag

10 NE - I-symmetry flag 1 record of AERP Data Block
1 JREFC - Reference card

12 FAACH - Mach number (M)

} Pairs from 2 record ¢f AERP Data Block
13 RFK - Reduced frequency
14-20 5K - Trailer for SK)

21 1Sk - Row number to start bui{ding on SKJ

22 NSK - lLast row number output for any method on SKJ

AMGPZ - Section Two Communication

Words

1-7 THIJK - trailer for D1JK
8-14 TW2JIK - trailer for D2JK

DLCPM - Doublet tattice without Bodies Communication

Words
1 NP - number of panels
2 NSTRIP- number of strips

3.44
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Words
3
4
5

5
10
1
12
13
14
15
16
17
18

NTP
F
NJJ
NEXT

LENGTH~-

INC
INB
IYs
125
IEE
[5G
Ica
[XIC
IDELX
IXLAM
10T

MODULE FUNCTIONAL DESCRIPTIONS

number of boxes

fraction of box chord

NJ (Input parameter)

first location of open core available after allocatien

number of boxes along Tongest panel (from NCARAY)

peinter
pointer
pointer
pointer
Pointer
pointer
pointer
pointer
pointer
pointer

complex

to NCARAY array
to NBARAY array
to YS array

to IS5 array

to EE array

to SG array

to CG array

to XIC array

to DELX array
ta XLAM array

pointer to storage for column of AJJL

OLM - Both Doublet Lattice methods

i
2
3

K10
K20
KIRTI
KIITt

Planar part of steady contribution to the kernel

- Nonplanar part of steady contribution to the kernel

K2RTZP-

K2IT2P-
K10T1 - K10*T1

K20T2pP-

K20#*T2

Unsteady parts of modifizd kernel

} T1 and T2 are defined under TKER

3.45
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DLAXX - Open Core for Doublet Lattice without Bodies

Words 6
to
End of Record on ACPT

M m S e, . --- remeeem- e - - -

Column of AJJL
2*NJ

-------------------------------------

DLPZ2X - Open core for Section two

Record of ACPT

--------------------------------------

Free
D2JK
3 Buffers D1dJK
RCPT

KDS - doth Doublet Lattice Methods

Words

1

B2oWo™N

(5]

IHD

KD1R
KD1I
KDZR
KD21

0 = total kernel, 1 = incremental part only
real part of k1

imaginary part of K

real part of kz

imaginary part of ko

!

FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

(Doublet Lattice Arrays)

3.46



- - ..

. T

[

e

e I

OLBDY

Words,
1-12
13-5)
52
53
54-58
59

OLBXX

MODULE FUNCTIONAL DESCRIPTIONS

- Doublet Lattice with Bodies Communicatinn

Words 2-13 of ACPT record

pointers into DLBXX for arrays on ACPT
ECPRE - end of core in DLBXX

NEXT - next available location in DLBXX

SCR1-SCR5 - GINP file numbers for scratch files

NTBE - number of columns to add to AJJL

- Open core for Doublet Lattice with Bodies

Word 13
to
End of Record on ACPT

- et ke e e

2 columms of AJJL
4*NJ

Free
Used for Scratch Storage

3CR4 5CR3
SCRZ

wn
(=]
pee |

SCRH
B8 Buffers 58]
AJJL
AERD
ACPT

MB@XA - Mach Box Wing Definitions

Words

1-12
13-24
25-34
35-44
45-54

X - X locations of wing

Y - Y Tocations of wing .
TANG - Tangents of wing sweep angles
ANG - Sweep angles of wing

CRTANG~ Cotangents of wing sweep angles

(Dow, et Lattice Arrays)

3.47
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR})

MB@XC - Mach Box Communications

Words
1-9 Words 2-10 of ACPT record
10-30 Intercommunication between Mach Box subroutines

MBAMGX - Open core for Mach Bux Method

Words 3

to Mach Box Arrays
9051

------------------------------------

------------------------------------

Free
SCRZ
SKJ
5 Buffers AJaL

STRIPC - Strip Theory Communications

Words
1 NS - number of strips
2 BREF - reference chord/2.0
3 CLAM - cosine of sweep angle
4 FM - Mach number
5 NCIRC - Theodorsen function selection
6 NNCIRC - NCIRCH1
7 EKR - reduced frequency
8 Not Used
9.12 BB{u) - b's for approximate function

13-16 BETA{u} - B's for approximate function
17-48 EKM{u,u} complex - storzge for STPK output (k matrix)

3.48
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MODULE FUNCTIONAL PESCRIPTIONS

STRIPX - Strip Theory Open Core

Strip Theory Arrays
from ACPT
FREE
SKJ
4 Buffers ML
EE?
C
PSTANC. - Piston Theory Communication
Hords
1-9 Words 2-10 of ACPT record
PSTANX - Piston Theory Open Core
Piston Theory Arrays
from ACPT
FREE
SKJ
4 Buffers %E————agb
ACPT

3.49
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FUNCTIONAL MODULE AMG {AERDDYNAMIC MATRIX GENERATOR)

BAMGIL and B8AME2L =~ Gommon Blocks for Compressor Blode Methed

I Hords:

, 1 IREF -~ Reference streamline number

B: 2 HINMAC - Parameter MINMACH
3 MAXMAC - Parameter MAXMACH

g: 4 NLINES - Number of stresmlines en blagde

* 5 NSTNS - Number of stations gn blade

r & REFSTG - Reference blsde stagger angle

¥ 7 REFCRD - Reference blade chord

- 8 REFMAC - Reference Mach number

n 9 REFDEN - Reference density

- 10 REFYEL - Reference velocity

: N REFFLY - Reference flow angle :

i 12 SLH -~ Streamline number

E 13 NSTNSX - Number of stations on streamline
14 STAGER - Blade stagger angle

» i"':nrz
—
an

1

CHORD - Blade chord e

16 RADIUS - Radius of streamline
; 17 BSPACE - Blade spacing
g i8 MACH - Relative flow Mach number at blade leading edge
’; 19 DEN - Gas density at blade leading edge
* 20 VEL - Relative flow velocuty at blade leading edge
T 21 FLPWA -~ Relative flow angle at blade leading edge
i 22 AMACH - Internal Mach naumber
(; 23 REDF - Internal reduced frequency
,g 24 BLSPC - Internal blade spacing

N
w

AMACHR - Internal reference Mach number

TSPRIC Transonic {indicator

E»\v—»l
N
[-1]

gl o]

e N
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MODULE FUNCTJONAL DESCRIPTIONS

ORIGINAL PAGE S
OF POOR QUALITY

BAMG X - Open Core for Compreiinr Blades

1 Al T o

Norgg 6
End of Record on ACPT

. S eson
Column of AL
2°
------- et e Lah,
Frae
B s S meme mpmn—aea (R
51

BAMG2X - Open core for Section two

Record of ACPT
---------- i habin b i d bl b ekl
Ferae
D2JK
3 Buffers O1JK
ACPT__

4 Byffers W

3.51
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TAMGIL and TAMG2L - Common Blocks for Swept Turboprop Blade Method

FUNCTIONAL MODULE AMG {AERODYNAMIC MATRIX GENERATOR}

tords:
]

o ~N o B W N

1
12
i3
1
15
16
17
18
19
20
21
22
23
2
25
26

IREF -
MINMAC -
MAXMAC -
NLINES
NSTNS -
REFSTG -
REFCRD -
REFMAC -
REFDEN -

REFVEL -
REFFLQ -
SLN -
NSTNSX -
STAGER -
CHPRD
DCBDZB
BSPACE -
MACH -

DEN -
VEL -
SWEEP -
AMACH -
REDF -
BLSPC -
AMACHR -
TSPNIC -

Reference Streamline number
Parameter MINMACH

Parameter MAXMACH

Number of streamlines on blade
Number of stations on bla.
Reference blade stagger angle
Reference blade chord

Reference Mach number

Reference density

Reference velocity

Reference flow angle

Streamline number

Number of stations on streamline
8tade stagger angle

Blade chord

ac/el

Blade spacing

Relative flow Mach number at blade leading edge
Gas density at blade leading edge
Relative flow velocity at blade leading edge
Sweep angle of blade

Internal Mach number

Internal reduced frequency
Internal blade spacing

Internal reference Mach number

Transonic indicator

3.92
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TAMGXX - Open Core for Swept

MODULE FUNCTIONAL GZSCRIPTIONS

Turboprop Blades

Words &
to
End of Record or ACPT

Column of nJJL

TAMG2X - Open Core for Section two

2%NJ
Free
D2JK
3 Buffel“s '} I]K =
ACPT
Record of ACPT
Free
D2JK
3 Buffers D1JK
ACPT

3, 2..10 Diagnostic Messages

System fatal messages 3001, 3082, 3003, 3007, 3008 and (10) 3061,

messages 2264 and 2265,

User fatal

TR
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FUNCTIONAL MODULE AMG (AERODYNAMIC MATRIX GENERATOR)

3. A.11 References

Most of the equations and code for the Doublet Lattice Method were taken from
{1) Giesing, J.P., Kalman, T.P., Rodden, W.P., “Application of the Doublet-Lattice
Method and the Method of Images to Lifting-Surface/Body Interference,” AFFPL-TR-71-5,
Part 11, Vol. 1, April 1972. ' '
Most of the equations and code for the Mach Box Method were taken from
{2) Donato, V.W., Huhn, C.R., Ji., "Supersonic Unsteady Aerodynamics for Wings with
Trailing Edge Control Surfaces and Falded Tips,” AFFOL-TR-68-30, August 1968,
Most of the equations and code for the Strip Theory Method were taken from
(3) Albano, E., "Strip Theory Aerodynamic Influence Coefficients for Wings with Aero-
dynamically Balanced Control Surfaces,” Northrop Corporation, Moran Djvision Report
NOR 68-125, August 1968.
Most of the equations and code for the Piston Theory Method were taken from
(4) Rodden, W.P., Forkos, E.F., Malcom, H.A., and Kliszcwski, A.M., "Aerodynamic
Influence Coefficients from Piston Theory: Analytical Development and Computational

Procedure,” Space Systems Division, Unfted States Air Force Report No. TDR-169
(3230-11)TN-2, August 1962,
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4.3 FUN

FUNCTIONAL MODULE AMP (AERODYNAMIC MATRIX PROCESSOR)

CTIONAL MODULE AMP (AERODYNAMIC MATRIX PROCESSOR)

4.5 .1 Entry Point:

Amp

3.3.2 Purpose

The purpose of this module 1s to produce "modal" aerodynamic matrices.

combinatio

n of matrices from four sources.

This requires the

1. The aerodynamic matrices for aerodynamic cells, produced by the Aerodynamic Matrix

G

enerator (AMG) module,

2. The interpolation from the structure to the aerodynamic celis, produced by the Geemetry

1

nterpolator (GI) modute.

3. The modes of the structure, produced by the Real Eigenvalue Analysis (READR) module, and

5

elected by GKAM,

4. The matrix of downwashes due to “extra” points, which mpy be supplied by the user via

5

3,.3.3 D

odule INPUTTZ. These extra points in NASTRAN are used for contro! systems and other

pecial effects,

MAP Calling Seguence

ANMP  AJJL,SKJ,D1JK,D2JK,GTKA,PRIDH, DVJE .D20E ,USETD ,AERD/QHHL , QKHL ,QHIL /V N NBUE/Y N, XQHHL/

3.3.4 1

V,N,GUSTAERD $

nput Data Blocks

AJJL
SKJ
plIK
D2JK
GTKA
PHIDH
D1JE
D2JE
USETD

Aeradynamic influence matrix list

Integration matrix

Real part of downwash matrix

Complex part of downwash matrix

Aerodynamic transformation matrix k-set to a-set
Transformation be*yeen modal and physical cocrdinates
Downwash factors due to extra points; real

Downwash factors due to extra points; complex

Displacement sets definition - dynamics
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MODULE FUNCTIONAL DESCRIPTIONS

AERQ Aerodynamic matrix generation data
Notes:
1. AJIL, 5KJ, D1JK. D2JK, GTKA, PHIDH, USETD, and AERP may not be purged.
2. DIJE and D2JE are used only 1f NPUE > 0. Even in this case they may be purged.

3.3 .5 Qutput Data Blocks

QHHL -- Aerodynamic matrix list - h-set
QKHL -- Aerodynamic transformation matrix between hand L sets
QHJL -- Aerodynamic transformation matrix between j and k sets
Notes:
1. QHHL, QKHL, and QHIL are matrix 1ists - one submatrix for each {m,k) pair.
2. If QHHL, QKHL, and QHJL are present before the module begins (APPEND on restart) and
XQHHL = -1, the old data needed is read from these data blocks.

3.3 .6 Parameters

NQUE -~ Integer, input, no default. The number of extra points.

XQHHL - Integer, input/output, no default. If +1, the data found on appended data blocks
must be discarded. If -1, it can be used. AMP sets XOHHL to -1 on exit.

GUSTAERP - Integer, input, default = 0. If, and only if, GUSTAER® < 0, AMP will compute QHJL.

3.3 .7 Method

There are several important features which must be kept in mind.

1. In general, the input and output matrices may depend upon the aerodynamic parameters k
(reduced frequency) and m {Mach number). A set of matrices {called a 1ist) are processed

in one pass through the module,

2. Special code will be introduced for restart. This is vequired for Doublet Lattice solu-
tions where matrix solution time may be long. This will allow the addition (or deletion)

of (m,k) pairs without redecomposing the downwash matrix.

3. An output, Qkh’ relating aerodynamic pressures to medal coordinates may be required for
use in a data reduction module. This output w. 'l not be used in Phase 1; hence 1t will
be purged from the calling sequence. The matrix of generalized forces, th, wmay be

purged, if only data reductfon is desired.

3.56
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FUNCTIONAL MODULE AMP (AERODYNAMIC MATRIK PRuLeswu,

The flow chart 1s shown {n Figure 1. The basic loop 15 to write out matrices for the list of
(m,k} pairs found on the AERP data block. The source of these matrices is normally the input.
In the case of a restart which involves only changes in the (m,k) pairs, spectfal cede s provided
to avold recalculation; and the matrices are found on the output data block which 15 declared

APPEND. This occurs when XQHHL = -1.
3.2 7.1 Subroutine AMPA
Put the output m,k 1ist in core. This 1ist is found in the second record of the AERE data

block, The index 1 will be-used to index down this 1ist of pairs. IMAX 1s the number of pafirs.

Check to see if the output data blocks QiML, QHHL, and QHJL exist and are valid. If they do,
then this is a restart. These must be copied onto scratch files. Their (m,k) Tists are put in
core. Build a scenario file which 1ists the (m,k) patr, the AJL column associated with this (m.k)

pair, and the corresponding QHHL column.
7.,3:..7.2 Subroutine AMPB

CalcuTate the DJh matrices. The superscript (1) 1s for the real part and (2) fs for the

imaginary part.

[¢ai] = Partition of [¢dh]

M
(643 = [67,17T0,4]
[6,¢] may be needed again later to calculate Q.
01’1 = o3 )1"a,, 3 : (2)
0{9)1 = 0{21"e, 3 , (3)
[D_g,',)] = Merge [051)05;)] . (4)
[n}ﬁ)] = Merge [oﬁ’ngg’] : (5)

If the input data blocks are purged, D;l’a) is zero, Start a loop with I = 0. Check the time
left.
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MODULE FUNCTIONAL DESCRIPTIONS

$.3 .7.3 Subroutine AMPC

Calculate (or find) th if it is needed. (t will be needed 17 either (a) Qkh is to be output,
or (b) th is to be output and 1s not found on the scratch file. The Qkh and th arg not to be
output only when their output deta blocks are purged. I[f Qkh can be found on 8 scratch file, got

it from there; otherwise, it must be calculated. First, check to ses if Djh(k) has been calculated

for the present k. If not, find it by
4] = 1+ 1 krofds ()

and save for possible later use. Next, solve for th. The algebra included here will be theory
dependent. The header record of AJJL will specify aerodynamic groups (see Section 4.115.7.5).
Retrieve the submatrix [Ajj] from AJJL. If there is more than one group, Djh must be unpacked
into row groups. For each group, solve for [th], then pack the groups. For Doublet Lattice

method, and the Double Lattice method with slender bodies,

n

T -1
* [Ay5)grouptPinlgroup - S

[th]group

For other methods,

[th]group = [AjJ][Djh]group (73)
3,3 .7.4 Subroutine AMPD

Calculate (or find) [th] and [Qkh] if they are needed. They will be needed unless the output
dgata blocks are purged. If [th] can be found on a scratch file, get it there, otherwise, it must

be calcelated. If it must be calculated [th] will k2 available. To compute [th]

Where Skj is a matrix list for {(m,k),

[Qypd is copied onto QKHL.
[Qﬂ,] = [Gzi][Qkh] s (9)
Qih]
= M .1 ° 10
[Qypd = Merge [th (10)

where [th] is zero. Note that this requires only an update of [Qih]‘s trailer.
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FUNCTIONAL MODULE AMP (AERODYNAMIC MATRIX PROCESSOR)

Check the time, If [th] and [th] were calculated (rather than found), then the time per

calculation can be found. If the time per calculation is known and it

margin), no more loops should be attempted.

[ Find m,k LIST

0 Qyp

is not enough (with a 10%

Qyp ad Qg YES
Exist v ‘L

NO Put {m,k)

Copy to SCRATCH

Lists in Care
J

]
PUT {m,k) Lists on QUTPUTS

CALCULATE Djh
120 (m,k LIST INDEX)

=

NOTE TIME

FIND Qkh if needed
(MAY REQUIRE LOOP ON GROUPS)
FIND th if needed
__CHECK TIME

MORE Enough tim

Not enough time
{102 margin)

EXIT

Figure 1. AMP Module Flow.

If GUSTAER® > 0, this
toop is repeated for QHJIL

Repeat the loop (subroutines AMPC and AMPD) for additional values of 1 until the job is done.
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MODULE FUNCTIONAL DESCRIPTIONS

If GUSTAER® > 0, the following equations are evaluated:

Partition PHIDH (Real)

s e ] G [y =

T r; g—p

d § PHIOH ___;t PHIAH

¥

Multiply (TRANSPOSE} (Real)
k-3 ¢—=h— &h—p
! T !
] [ GII(A] o jI, [ PHIAH | —— & | GKH
!

Start Toop on reduced (m,k) pairs {(use all).
Multiply (TRANSP@SE) {S fs complex)
— 4= e—h —
T
? T
k | SKJ(k) v GKH | ——— j | S(K)
! l

Partition into Groups - (1) = Doublet Lattice, (2) = non-Doublet Lattice

—h—
[ ] iy b sy
Sk} ~———> K | ------
i, | st2)

Solve each group th:

a. Doublet Lattice group
Ajj(grm‘p) th“) = §(1)
b. Non-Doublet Lattice group

- ¥
Ryp(2) = A 5(2}

(1)

{(12)

(13)

(14)

(15)

(16)
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Merge Results
f—h—

Ryp(1)

-
et —s

Rypf2)

Append th

[oam. th(k):] _— [QHJL]

Repeat the last five steps for (m,k) pairs.

(17)

(18)

-
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MODULE FUNCTIONAL DESCRIPTIONS

7.% ,7.5 Matrix List Data Blocks

The matrix list data block is a spectal data block used for NASTRAN aeroelastic calculations.
It is used to store a series of matrices. The matrices in the 1ist will depend ypon two para-
meters. The format is sfmilar to that of a matrix. I there are NMK matrices, each with NRPW
rows and NCAL columns, then it will be stored tike a matrix with NREW rows, and NMK times NCQL
celumns., The matrix for the first parameter pair is stored in the first NCAL columpns. The

matirix for other parameter pairs is then added on at the end, one at a time.

A special header record is written which contains the following information:

Word Yalue
1-2 The name
3 NCBL, for the individual matrices
4 NMK
§-(4+2NMK) M{I), K(I), £=1, NMK
+ Other information

If a single matrix exists, it can be read as a normal NASTRAN matrix. It is possible that the
matrix Tist was not completed by the generating module. The number of columns (found in the
trailer) divided by NCAL should be an integer. This should be equal to MMK. If it is less than

NMK, it 15 the actual numher of matrices on the list. For the AJJL, there is additional informa-

tion in the heaor:

Word Value
{6+2NMK) NGP, number of uncoupled aerodynamic groups
{7+2NMK) - KT{N), MJ(N), N=1, NK(N} to NGPT, the theory

( 6+2NMK+3NGP) identifier and the number of Uj degrees of

The matrix AJJL might look Tike (1 i- the iduntifier for Doublet Lattice theory):
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FUNCTIONAL MODULE AMP (AERODYNAMIC MATRIX PROCESSOR)

NCAL = 7 KT(1) =1
NMK =3 KT(2) = 1
NGP = 2 N(1) =5

NJ(2) = 2

iz
The shaded areas

oy |

NCPL = & {number of modes
+ entra points)

NMK = 3 (the M(I), K(i) are
found from the AERP
data block)

The output QHHL might Took like:

Z | 7
// . / 4 NCOL = 4
____mme

4 —]

12
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MODULE FUNCTICNAL DESCRIPTIONS

3.3 .8 Subroutines

Numerous utflity subroutines are used by the functfona) phases &s shown below,

AMPA AvpE AMPC A¥PD g ANPE
CYCT28 CALLY cveT2s CYCT2B fyeTes cveres
SSG2B §562C §5628 55628 8628
MERGED CFACTR SKPREC SSGZA CFACTR
PARTH CFBSPR o SKPREC CFBSPR
FILSHI FILSYI
TRANP] SKPREC
. $5628

3.3 .8.1 Subroutine Name: AMPA

1. 'Entry Point: AMPA

2, Purpose: To provide a scenarfo for later phases and to prepare for use of the appendgd

output files.
3. C271ing Sequence: CALL AMPA (AER®, QUHL, QHHL, AJJL, QHHLE, QUHLD, INDEX, IMAX, IANY)
AER?, QUHL, QHHL, and AJJL are the GIN file numbers of their respective data blocks,

QHHLD and QJHLP are the GIND file numbers of two scratch files to hold valid submatrices from
QHHL and QJHL on restart.

INDEX is the GIND file number of the scenario data block. Its contents are as follows:

Record No. Hord Contents
0 1 Header
1 1 M column number
2 K ¢olumn number
3 AJJL column number
4 QHHLY: column number (0 fmplies recompute)

IMAX
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FUNCTIONAL MODUME AMP (AERODYNAMIC MATRIX PROCESSOR)

IMAX is the total number of (m,k) pairs on output.

IANY is the flag for necessity to compute at least 1 QJH or QHH (0 implies compute -- 1
jmplies all retrieved modes).

4, Conmmon Blocks

/AMPCEM/NCOLY ,NSUB , XM, XK, AJICAL ,QHHCOL . NGP ,NGPD(2,30) ;MCBQHH{7) ,MCBQK:4{7) ,NCALK,
IDJH MCBROK(7)

NCPLY =~ Number of columns in a submatrix of AJJL

NSUE  ~ Number of submatrices in AJJL
XM - Current M value
XK = Current K value

AMCAL = Current column number of AJJL
QHHCPL - Current column number in QHHLE (a zero value impTies compute a new QHH)
NPG - Number of groups

NGPD - Two words for each group - Theory ID (1 = D.L.} - Number of columns of AJJ
belonging to this group

MCBQHH - Matrix control block for QHHL

MCBQKH - Matrix control block for QJHL

NCALH - Number of H points

IDJH - Flag for change in k value fn {m,k) pair

MCBRJH - Matrix control block for QJHL

3,3 .8.2 Subroutine Name: AMPB

1. Entry Point: AMPB
2. Purpose: To compute GKI and the DIHY and DJHZ.

3. Calling Sequence: CALL AMPB (PHIDH,GTKA,D1JK,D2JK,01JE,D2JE USETD ,DOH1 ,DIH2 &K ,SCRI
SCR2,5CR3)

A1l inputs are GIN Tile numbers.
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3.3 .8.3 Subroutine Name:

1.

2.

Entry Point: AMPBI

Purpose: To build a partitioning vector which will add a given number of columns to

another matrix.

3.

Calling Sequence:

MODULE FUNCTIONAL DESCRIPTIOANS

AMPB1

CALL AMPBY (IPVECT ,NC@L1,NC@L2)
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IPYECT - the GING file number on which the partitioning matrix will be built.
HCALY - the mumber of columns in First matedx.

NCL2 - the number of columns in second matrix (to add onto the first matrix).
3.3 .8.4 Subroutine Name: AMPB2

1. Entry Point: AMPB2
2. Purpose: This routine 1s a general driver for PARTN.
3. Calling Sequence: CALL AMPBZ (A,A11,A12,A21,A22,RP,CP, N1 N2)

A, A11, A12, A21, A22, RP, and CP are the GIND file numbers of the matrices supplied to PARTN,

C r ]
A A2

- o} [ ]
A2l A22

If any partition is not desired, set 1ts file name to zevo.

N1 and N2 are: the number of rows of RP and CP respectively. These are used only 1f RP or
CP = 0. A, RP and CP must have matrix trailers. Trailers will be written on all existing

outputs,
2.3 .8.5 Subroutine Name: AMPC

1. Entry Point: AMPC
2. Purpose: To compute (or retrieve) QJH and to form QUKL (1f not purged).

3. Calling Sequence: CALL AMPC (DJH],DJHZ,DJIH,AJJL ,QUHL ,QIHP,QJHUA ,SCRT ,SCR2 ,SCR3,SCRY,
SCR5,SCR6)

DJHT ,DJHZ,DJH,AJIL and QUHL are the GING file numbers (GFN) of their respective data blocks
QJHP is the GFN of a data block containing old QUH's from restart

QJHUA 1s the GFN of a data block containing the current QJH

SCRY - SCR6 are the GIND file numbers of six scratch files

3+3 .8.6 Subroutine Name: AMPCI

1. Entry Point: AMPC)

PRECEDING PAGE, BLANK NOT. FILMED 3.68
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MODULE FUNCTIONAL DESCRIPTIONS

2. Purpose: To copy columns of one open matrix to another matrix.
3. C€alling Sequence: CALL AMPC1 {INPUT .UTPUT ,NCOL,IZ,MCB)

INPUT = GIND file number of the input matrix
QUTPUT = GING file number of the output matrix

NCOL = the number of columns to copy
12 © open core
MCB = matrix control block for QUTPUT.

JUNPAKX/ and /PACKX/ control AMPCI,

4. Design Requirements: Both matrices must be opened and properly positioned. No traiters

are written. Both matrices are left open.
3.,% .8.7 Fubroutfne Name: AMPC2

1. Entry Point: AMPC2
2. Purpose: To copy each column of the INPUT file onto the bottom of each column of the

PUTPUT file.
3. Calling Sequence: CALL AMPC2 (INPUT,PUTPUT,SCR1)
INPUT, @UTPUT, and SCRY are the GING file numbers of their respective data blocks.

4. Method: On the first entry, INPUT and QUTPUT are switched. On subsequent entries
PUTPUT and SCR1 are switched and read together, one column at a time to produce QUTPUT.

2.3 .8.8 Subroutine Name: AMPD

1. Entry Point: AMPD
2, Purpose: To compute or retrieve QHH and to write QHHL.
3. Calling Sequence: CALL AMPD (QUHUA ,QHH® , SKJ ,GKT ,QHHL ,SCR1,SCR3,SCR4)

A1l inputs are the GIND file numbers of their raspective data blocks.
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FUNCTIONAL MODULE AMP (AERODYNAMIC MATRIX PROCESSOR)

B

. 3.% .8.9 Subroutine Name: AMPE

R 1. Entry Point: AMPE

) 2. Purpose: To compute GKH
[_ 3. Calling Sequence: CALL AMPE(PHIDH,GTKA,GKH,SCRY,SCRZ,USETA)

A1l inputs are the GIND file numbers of their respective data blocks.

[T 4. Method: AMPE calls CALCY and SSGZA to partition PHIDM. It then calls SSG2B to compute GKH.

3,3 .8.10 Subroutine Name: AMPF

_——

1. Entry Paoint: AMPF
2. Purpose: To solve for QHJL

[, 3. Calling Sequence: CALL AMPF(SKJ,GKH,AJJL,QHJL,PLAN,IMAX,SCR1,5CR2,5CR3,5CR4,5CR5,5CR6,
SCR7,SCR8B,5CRY,SCRI0)

[f SKH, GKH, AJJL, QHJL, PLAN, SCRI-SCR10 are GIN® file numbers of their respective data blocks.
IMAX is the number of m,k pairs.

[g 7.3 .9 Desiogn Requirements

’i 1. AMP requires 14 scratch files. These files are used as follows:

2
. |

[l

IS

fuy
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FUNCTICNAL MODULE AMP (AERODVNAMIC MATRIM PROCESSOR)

NAME DATA_BLOCK COMPUTED BY SED_BY

SCRT  01d QHHL (QHHB) AMPA A,D
SCR2  01d QIHL (QUHR) AMPA - AL
SCR3  Indax of work to do (INDEX) RAMPA A DRIVER
SCRE DO AMPB B,C -
SCRS  QuHR AwPB B.C
8CR6  GKI AMPB B,b
SCR7 DJH AMPB c.C ;
SCR8  QJHUA AMPC C.0
SCRO  Scrateh Filg 8.C.0
SCR10  Seratch File . 8,C.0 3
SCR11  Scratch File 8.€.0
SCRY2  Scratch File c.D
SCR13  Scratch File c
SCR14  Scrateh File c

' 2, 0Open Core:

TR

ROUTINE OPEN CORE FUNCTION

AMP AMPB2X Buffen
AMPA AMPATY Sae Tayeut i
ANPB AMPB2X CALCY :
AMPB AMPBI X Bufder 3
AMPB2 fMPB2X PARTN ‘
AMPC AMPCIX Buffer, CYCT2B, AMPCI

AHPG2 ANPCIX Byffqr :
AMPD ANMPDIX Buffer, CYCT2B :
AMPE AMPEX Buffer, CVETER |
AMPF AMPFX Buffgr, CVCT23, AMPC

A e

PRECEDING PAGE BLANK NOT FILMED 3.72
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Open core AMPAYN 15 laid out as follows:

' Contants Length Pointgr

NCBLY H
NSuB
- JAJJL
m=k pairs
fram AML 2%NSUB
Huader
' TAERD
m-k pairs
frampAERﬂ ! 2 IMAX
NCELH |
NEH 1
- 1QHH
m-k pairs
from old 2°HQRH
QHH
2 Buffers

2, The Toop between AMPC and AMPD would require much overlaying. Thus, AMP currently is a

single overlay chain.

3.2 .10 Diagnostic Messages

The following messages may occur: 3045, 3007, 3002, 3003, 3008, 3007

3007 occurs when & theory {s used which AMP dees not understand; 3045 occurs when ingufficient time

remains to compute another m-k pafr.
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FUNCTIONAL MODULE FA2 (FLUTTER ANALVSIS - PHASE 2)

2,4 FUNCTIONAL MODULE FA2 (FLUTTER ANALYSIS - PHASE 2)

2-4'.1 Entry Poing: FA2

F.% .2 Purpose
To colleet data for reduction and preseptation for sach lagp throujh the configuration |

parameters. .

3.% .3 DMAP Calling Sequence

FAZ  PHIN,CLAMA,FSAVE / PHIHL,CLAMAL ,CASEYY,QVB / V,N,TSTART / €.V, VREF=1.0 / €,V PRINTYES §

3.Y .4 Input Data Blecks

PHIN = Compiex cigenvectors - h set, medq) Formilatiens.
CLAMA = Complen eigenvalue output tabla.
FSAVE - Flutter storage save tabla,

Nots: No {nput data block may be purged.

3y .5 Ougput Data Blocks
PRIHL =~ Appended complex mode shapes - h set.

CLAMAL - Appended complex azfgenvalue output table,

CASEYY - Appended case control data table,

PU& - Qutput aeroelastic curve requests (V-g or V-F).
Notes:

1. No output data block may be purged.

2. A1l output data blocks are read (DMAP attributa APPEND) on subsequent calls (FLBOP from
FSAVE # 1 1F the method is K).

3.4'.6 Parameters
TSTART - Integer-input/output-no defeult value. On input TSTART 45 the CPU time at the
start of the DMAP 7lutter loop. On output TSTART will be =1 47 there 15 ine
sufficient time for another DMAP laop.
YREF - Real-user input: [0 defauit. Vnut will be cealed by VREF:

Youz ® VWVras

PRINT » BCD-user. 1npgt=defad1‘z YES.. 17 PRINT = NP, no ¥lutter summary wiil be printed.
For YES the wing flutter summary will be printed.
For YESB the blade summary will be printed,
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MODULE FUNCTIONAL DESCRIPTIONS
24 .7 MWethod
wEtnog

The primary purpase of module FAZ 15 to gather data for veduction and presentation. Tha
heoder record of FSAVE will contafn the METHED. The agtions of FA2 are method  dependent.
31 1 ) 7- ] KTMethod

This module is near the end of a OMAP loop. Its output files PHIML, CLAMAL, CA$£VV and VG are
appended for each entry. On the first pass, special code must be exacuted to injtiate the filas.

The cgmplex eigenvalues A have been found by module CEAD, These should have baep sorted by
Im{\) increasing, Only use the first "NVALUE" modes. The quantities that meed to be computied ayg|

vnut | Im(x)/"ref ’

{{2.0) Re())/Im()) 1f Im(x) # 0
] 0 if Im{x}y =0

fok Im(h)/anref R

Yiach ° Ysound™ Vrer
The values of the parameter FLODP, m, k, bref and NYALUE are found in the file FSAVE. A printer
output s prepared.

The PHIHL, CASEYY and CLAMAL data blocks are created by appending the PHIH, CASEYY and CLAMA

data blocks,

The CASEYY data block is for modules SDRZ and PLPT. It must keep in step with the append vectors.
m, k, p and FLEPP will be added to the LABEL.

The @VG data block is appended each time through the LPAP. This will be used tq create V.g
or V-f plots. m, k, p and FLPOP will be added to the LABEL.

3.7 .7.2 Plk~Method

The values for X, I, and G are suppiied by FA1 an FSAVE for all efgenvalues and al] MACH
number RHO pairs. FA2 collects all k values together and outputs each collection of N sueh aiqen-
values on a curve for V-g plotting. CASEYY, PHIHL and CLAMAL are not wrigten.

J+¥ 7.3 KE-Method
Existing FSAVE records contain records of length Z x N where 2 = Real, Imag = V, N = nymher

of modes.
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FUNCTIONAL MODULE FA2 (FLUTTER ANALYSIS - PHASE 2)

The records are sorted‘by {see Figure 1)
m = mach number
k = raduged frequency
p = density.
The output should be sorted by
m = mach number
p = density
n = mede number.

The records will be used for PVG, and for formatted print.

A special "sorting" algorithm will be used to order the roots. For the first k vglue
in each loop, the roots are accepted {n the order of ALLMAT, Define
the ith eigenvalue for the
P1n = nth reduced frequency K.
In the above, 1= 1, 2, 3, ... (number of modes)

n=1,2,3, ... (number of k valtues)

Define the extrapolated value based upon previous n's to be
e =1
Pi2® P

e
Pron © Paatn-1) * ek Py )Py, (ne2) Y (e 2) nz3
where Py o will be chosen equal to P ;. Then, select for Py p the reot found 1n the nth loap
1 L ]
closest to P]en . Delete that root and let Pz,n be the one of the rempining roots closest to
e
qun .
bers 1s the square of the magnitude of the difference. If P1 and P2 are two roots,

Continue until a1l roots are exhaysted., The measure of "closeness" of the complex nume

P, e Re P] + 1 Im P.I s
then the square fs,
[Re(P,-P,)1% + [Im(P,-P,}]?

A1l efgenvalues are put on the FSAVE data block to be passed to FAZ niodule, CASEYY, PHIML end
CLAMAL are not written.
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In_Sunmary 3
Flutter Summery Complex !
{skip 1f PRINT ¢ VES) gtgenvactors ;
Sutput iR order recefved Always f
K - method Point = (m,k,p) triplet Come in lgop and
(FAZ 1n loop) # of antries = # of modes PHIN, GLAMA siots
(No change)
¢ - methed Sorting required
{no loop) Patnt = (mp,moda} ¢riplet Nong
¥ of entries = # of k's
PK - method Transpese raquired
{no loop) Point = {m,p,mode) triplat None .
# of entilas = ¢ of V's P
ke P ,4
3.4 ,8 Subroutines j
A
Utility routine CYCT2B is called. Eii
g
3.4 .9 Desian Requirements 1

Open core for FA2 is at /FAZX/ .

FA2 uses no scratch files.

3,7 .10 Diagnostic Messages

The following messages may occur: 3001, 3002, 3003, 3007, 3008 and 3045.

a user message.

ration parameters but rather by a time~-to-go failure.

Only 3045 is
It indicates that the DMAP Toop was not completed by exhausting the ~onfigu-

PN IO 1% % 1Y S
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FURCTIONAL MODULE APDS (AERODYMAKIC POOL DISTREDUTOR FOR BLADES)

3.5 FUNCTIONAL MODULE APDS (AERODYNAMIC POOL DISTRIBUTOR FQR BLADES)
3.5 .1 Entry Point: APDY

3.5 .2 Purpose

Bulk data cards which conirol the solution of asrodynomic problems are
processed and assembled Ynto varjous blocks for convenience and efficieney in
the solution of the serodynamic problem. APDB aiso generatas the transfarmotion
matrix [Gka]T {GTKA} and the partitioning vector PVECY.

2,5 .3 DMAP calling Secuence

APDB EDT, USET, 86FDT, C5TM, EQEXIN. CGM, GO/ AER@, ACPT, FLIST, GVHA,
PVECT[ vV, N, NK/ V, N, NJ/ V, ¥, MINMACH/ V, Y, MAXMACH/ V, YV, IREF/
¥, Y. MTYPE/ ¥, R, NEIGY/ V, ¥, KINDEX = -1 §

3:5 .4 lnput Data Blocks

EDT - Aerodynamié bulk data cards

USET - Displacement set definftion table

BGPDT - Basic arid point:definition table

CSTH - Coordinate system transformation matrices

EQEXIN - Equivalence between external points.and scalar index values

GH - Multipoint constraint trapsformation matrix
Gp - Structural matrix partitioning transformation matriy
Notes:

1. EDT, USET, BGPDT and EQEXIN cannot be purged.

2. C5TH may be purged 17 all points are §n the basfe system.
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' FUNCTIONAL MODULE APDB (AERODYNAMIC PDOL DISTRIBUTOR FOR BLADES)

, 3., GM and G may be purged {f there ave no myltipoint or no omitted
points., '

* 285 .5 Qutput Data Blocks

AERQ - Contro) information for control of agrodynamic matriz generation

and flutter apalysis

é ACPT - Information pertaining to each indepsndent group of acrodyfomic

etements
FLIST - Contains AERQ, FLFACT and FLUTTER cords copfed from ERT

GTKA ~ Aerodynami¢ transformation matrix - K set to a set

y PYECT - Cyclic modes partitioning vector fe matria PHIA from module CYCTE
sl
Notes:
' ' .
i 1. AERP, ACPT, FLIST and GTKA cannot be purged.

2. PVECT may be purged 1f there are no cyclic modes to be partitioned,
3.5 .6 Parameters

KK - Qutput - integer - no defauvlt. Degrees of freedom in the NK

displacement set.

NJ - Qutput - integer - no default. Degrees of freedom in the NJ

displacement set.

MAxpncw - Input - real - default = 0.8. This §5 the maximum Mach.number

below which the subsoniec unsteady cascade theery is valid.

HidpAey - Input - veal - defamlt = 1.01, This is the minimum Mack nymber

above which the supersonfc unsteady cascade theery {3 vaiid.

3.79
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FUNCTIONAL MODULE APDB (ACRODVNAMIC POOL DISTRIBUTOR FOR BLADES)

IREF - Input - intgger - defauit o -1, This dafines the stream)ine numbgr
of the reference stregm surfa;e. IREF must equal an SLN ep
& STREAML2 card. The defaplt value, -1, reprpsenty the stream
surface at the hlade tip. If IREF doas nat correspond te aa SLA,
then the defaulg will be tahken.

Bk Gaay Maey DEy TN

Input - BCO - defauit = CRSINE. This controls which cpmponents of

HYYPE -
g: the cyclic modes are to be used in the modal formulation, MNIYPE o
SINE for sine components and MTYPE = CPSINE for cosing componsnts,
g- NEIGY - Input - BCD - no defanwlt. The number of efgepvalyes fouynd,
-4 . t
Usvally output by the READ module.
XINDEX =~ Input - BCD - default = -], Harmonic index number used fn e¢yclic

analyses.

5503 MR s

3.5 .7 Hethod

Subroutine APDB is the main control program for this module, It allecates ,

=

buffers, reads input files, and fnitfalizes output files. APDB creates the AERE,
ACPT and FLIST tables and generates the PVECT partitioning vector. Subroutine APDBI or

:1

APDBZ generates the GTXA transformation matrix. They reduce [ng] to {G;a1°

much 1%ke module §362, using the following matrix operations:

T T
[exq? < 5‘1“.

L B e

T
GKH

Ty Vet T
[GKNJ. (6,1 [Gxn] + [ﬁkNJ

T ¥
(6nd * |5ke

s
Grg

N e e

E l"-!! l.‘ T !
ik

3.80
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FUNCTIQNAL MODULE APDB (AERODYNAMIC POOL DISTRIBUTOR FOR BLADES)

oked = | Bl
%
(652 = [6,7 [6},] + (AL,

At sach step where a matrix multiply i3 fndicated, the mulefply f5 skipped 17 the

rasult fs known to be zero (i.e.. y, or uﬁ are ayll),
3.5 .8 Subroutines €allad

Utility coutines BISLAC, CALLY, S5G28, TRANSS and GMMATS are called.
3.5.8.1 Subroutine Mame: APDB]

1. Entry Point: APDBI

2. Purpose: To generatz transformation matrix [GlaJ, for comprassor bladsg
Method 6.

3. Calling Sequence: CALL APDB) (IBUFY, IBUF2, NENT, LEFT, NSTNS, NLINEZ, ABIGN,
LCETM, ACSTM, NODEX, NODEI, IBILC, XYZB),

3.5 .8.2 Subroutine Name: APDB2

1. Entry Point: APDBZ

2. Purpose: To generate transformation matrix {GEQJ. for turboprop blades
Method 7.

3, Calling Sequence: CALL APDBZ (I8UF1, IBUF2, NEXT, LEFT, NBTNS, NLINES, XBIGN,
LCSTM, ACSTM, NODEX, NODEI, ISILC, XYZB).

3.5 .8.3 Subroutine Name: APDB2A

1. Entry Point: APDB2A
2. Purpose: To generate basic to locgl transformation matrix for APDBZ.
3. Calling Sequence: CALL APDB2A {(NLINE, NL, BCR1, NSINS, M1, B1, SN, TBLT, TBLR).

3.81
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FUNCTIONAL MODULE APDS ({AERODVNAMIC PCOL OISTRIBUTOR FGR BLADES)

3,5 .9 Design Requivements

Open core 15 located at /APDBZZ/. APDB uges five sergtch files,

7.5 .10 Diagnostic Messages

System fatal messages 3007, 3002, 3003, 3008 and 3037 may cccur. The APDR moduie
9150 gencrates 1ts own messapes that are not nymbered. These messagus ave oalfs
explanatory.

3,82
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OF POOR QUALITY

2.t
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b ool

RESTART TABLES FOR CQMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Bit Positions for Card Name Researt Jable
fopd Hama it Oos,

Cord_Namg

4Byt
Abuna
ABUND
apyRs
apung
apyns
agury
4.0UnE
a4guse
ange
anie
gaLash
CELASZ
CELASD
CELASS
gHAas3E
¢nasse
CHASSD
CHASSS
CORDIC
caapin
[4:1:1. 181
[ ]:1:}14
€oap2n
E0RDZS
GRADSES
GRIOD
GRIOS
POMTAR
AgnGAR
BINGFL
SECtan
SEQGP
SPOINT
SARQA
£8AR
CLONEAK
EDuR}
€bung
GDUAD
(4. T T
touns
CouHb
coun?
€bung
touun
CFLUID2
CFLUIDS
CFLUIDS
CHERAI
CHERA2
Eineny
(1137
ClHERD
ConROD
CADRER

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSTS

Pa

O Doa O Pur P P B B Do £ B Pr3 00 0 O [0 P Pl D P9 P Pl 0o D g O goo Do €30 £ Om (30 DR O 3 06D G [P £3m (00 ORS Gt DR Gub ORS ONF O [3R O O Can S5 090 OW Dee G0

canaLl
[4: 111111
€auan2
€auapvs
cnaop
CSHEAR
&TETRA
CVORDREG
€TRAPAR
6EAAPRG
£7r08C
CiRfAR
ETataz
CTATAAR
g tRlsac
ETRIATS
BYRHEH
[41:149%)
£yung
€Tulsd
GUEDGE
pBan
PEONE AR
POaYNL
2bynz
POURD
founY
POUNS
POYNY
PouUn?
POUHE
POURD
PINER
pagHEn
PODPLY
PouvaDd
PAYADE
PEUYADTS
PROD
PIHEAR
PTORORG
PYRAPAR
PTROSE
pPiaial
Pralaz
PYRIAAR
PiRjalg
PTRHER
pracLe
PruRE
PIuiSY
GENEL
gonnt
conng
PELAS
PHASE
Bath

. DWW NS O e o B 2 B3 0 60 1t 2 0 6 B 00 6 0 £ 6 1 D € 6 1 s 4 P DU R0 £ 0 Do 3 B 83 £ Do D2 0o 00 00 0 O s 000 T a3

fard lgma BAL Doy,
NavER -]
MagDd -
naves a
navyy 8
A4ty 8
FABLENY - 8-
YABLORZ 8
VABLGRY 8
TaABLEMS 8
TEAPATH <]
TeapPRiED 8
ARESVA 9
[4:3]:1:] 9
£nieoz ?
nee )
RPCADR 9
APLS 9
RECAR 9
10 4 1]
3r€) 10
SPCADD 10
80E Al 1q
10l 418 10
ASET 1]
ASEVL [ %}
-1} B4 1}
anivl 11
ongran 1l
SuUPLE 12
BUPORYT 12
Teae '43
VEBPAR 13
76070 [}
YEaepg [ §:
TEUPRR 1)
Teuepy 1)
YEaoRa . %]
GROPNY 15
PLOSEL 113
PLOTE 18
POUED 9
AVOUTH 20
ADUTD il
COuPRASS 2%
[44:T.1] 26
CPOPLY 24
c£oguant 24
[420:]VF]. ] 24
¢PROD 26
[4:4):1:1:14 24
gpyalag 28
[441:3Y ] 24
cpvapLy 24
ePTuBe 2¢
wTNASS a6
NODJE 26
29

PacaA0l
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Card Nama
SET1
$ET2
SPELINED
SPLINEZ
MKAEROY
MEAERO2’
AEFACT
FLFACT
FLUTTER
AERO
CAERO1
FMETHODS
VREF
TF
CYJOIN
CYYPE
NSEGS
KINDEX
CYCSEQ
STREAML!
STREAMLZ
IREF
MINMACH
MAXMACH
MTYPE
KGGIN
SDAMPS
TABDHMP]
ERPOINT
SEQEP
B2PPS
pMie
K2PPS
M2PPS
TF$
EIGR
METHODS
EiGC
EIGP
CMETHODS
HFREQ
LFREQ
LMODES

RIGID PORMAT RESTART TABLES

"Big Pos.

61

62

ORIGHNAL PEAGE IS
OF POOR QUALITY

3.84
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ORIGINAL PAGE g
COMPRESSOR BLADE CYCLIC MDDAL FLUTTER ANALYSIS OF POOR QUALITY
2.6 .2 Bit Posittons for File Neme Baspart Vable
Eile Name Bit Pos. Eile Name Bit Pos,
BGPDT 94 KELM 122
€5TH 94 MDICT 122
EQENIN 94 MELM 122
GPDT 24 ‘ MAA 123
GPL 94 ACPT 124
SIL 94 AERO 124
ECT 95 BGPA 124
BPTY 96 CSTMA 124
EST 27 ECTA 124
GEI 97 EQAERD 124
GPECT 97 " FLIST 124
GPSY 28 GPLA 124
KGGX 98 SILA 124
MGG 29 SILGA 124
XG6 100 SPLINE 124
RG 101 USETA 124
USET 101 ELSETS 125
0GPST 102 GPSETS 12§
GM 103 PLTPAR 125
KRN 104 PLTSET% 125
MiN 104 GTHKA 126
KFf 105 AJJL 127
KFS 105 D1JK 127
MFF 108 D2JK 127
KAA 106 SKd 127
KLL 107 DIIE 128
KLR 107 D2JE 128
KRR 107 BXHH 129
MLL 107 KXHH 129
MLR 107 MAHH 129 '
MRR 107 FSAVE 129 N
LLL 108 CASEYY 130 2
oM 109 CLAMAL 130 -
MR 10 oVe 130 .
EED 11 PHIHL 130 ;
EQOYN 1 CLAMAL 1N
GPLD m CPHIM 13N
SILD 11 CPHIA 132
TFPQOL 1M1 RP 132
USETD 111 CASERE 133 -
LAMA N2 GEEGS 134
MIRK 112 )3 136
QEIGSAH 112 QeaAcy 136
PHIA 112 OCPHIP 137
80 1n3 QEFC) 137
B2PP 114 OESC) 137
K2apPP 114 QPG 137
MePp 114 PCPHIP 137
GMD 115 QHHL 138 |
Gop 1156 QJIHL 138
BHH 116 8200 139
KHH 116 K2bo 139
MHH 116 M200 139
PHIDH 116 GYED 140
CLAMA 117 KKK 14)
OCEIGS 17z MKK 141
PHIH 117 PHIX 142
CPHID 118 LAMK 142
CPHIP 120 PH1G 143
Qec 120 VECT 144
KDICY 122 HIAX 145
3.85
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2. 6.3

BMAP
ingte.

BEGIY
FILE
Pl
SavF
conp
CrtpPNT
8535
PURGE
P2
CHKPNT
$53
6Pl
CHRPNT
685
Tal
SAvE
€OND
PURGE
CHREPNTY
858
Paran
paRaY
PARAM
COND
Papay
iNPUTTY
AUV
CHIPNY
858
LABEL
EMG
SAVE
CHIPNT
855
tono
FMA
CHCPNT
858
LAGEL
COND
EMA
CHRPNT
885
conp
GPHE
QFp
LABEL
Eou iy
CHEPNT
558
CoND

1 10

1236567B&q123¢56 89§
Q1234

123$56789

1
1
1}
&

12 45

12 4%
&

12

12

-]
1236567
1234567
1234567
1234567
1234567

&
123 & 8
123 5 78

RIGID FORMAT RESTART TABLES

U w tgww AR

g

345
35%
345
343

9

Card Name Restart Tabla

0 Bit Position
W

1236 6 ¢
1236 & 9

&L

Y

o

2 4357390
2 4367890

40

L] (LCACRY e e LIed u Ly AR

ORIGINAL pPAG

E S

OF POOR QUALITY

50 60

347890

$47990 3'

é

3.86
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I COMPRESSION BLADE €YCLIC MOOAL FLUTTER ANALVSES
DMAP Bit Positien
Inst. 1 10 20 30 40 50 60
l §M4 3 1234 6 @ 3 3
CHKPN T 1234 & 8 3 T 3
888 &
LABEL 123% & 8 3 3 . |
', 6P & 1 oeh2 :
SAVE i ogL2 |
PARAY 1 9012 3 |
cRD 3 o012 3 |
g! PURGE 1 odi2 3 :
: GPeYe 1 odL H
SAVE 1 o0l 1 .
CHRENT 1 oq) 1
1 885 6 :
- COND X 90l | :
cono 1236 & 89 3 3 ]
cPSP 1234 6 893 3 3 k
SAVF 1234 & 894 3 3
coND 1234 6 89G 3 2
' oFp 1234 & 899 3 3
LABEL 1236 6 589G 3 2
EoUlY 123456789 4 & 3 3
1 CHRPNT 123456769 & & 3 :
: 355 6 ;
conND 123456789 | 3¢ 4 3 :
MCE ) 1 9] 3 3 3
g CHRPNT  § ol 3 3 i
- 855 6 :
MEE2 123656789 | 34 % 3 i
CHKPNT 123436789 { 3¢ s 3 j
P 383 6 - :
E LABEL 123456789 | 34 % 3 :
Eouly 1234567090 36 % 3 !
CHEPN T 1234567890 34 % 3 j
g8s [ B
E conp 1234567890 36 6 3 1
SCEL 1234567890 36 4 3 ;
CHILPN T 1236567890 34 % 3 .
855 &
E LABEL 1234567890 36 % 3
d EouUIY 12345678901 36 4 3
CHEPNT 12365678901 34 4 3
855 & )
covD 12345678901 36 6 3 3
‘ suP 1 1236 & 890t 3 3 E
CHRPNT 1236 & 8901 3 3 ;
855 6
SHP 2 12345678900 36 IS
i CHKPNT 12365678901 36 %
35% 6.
LABEL 12345678901 36 & :
oPD L ool 2 o 6 8 0
| |
l ;
I 3.87
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RIGID FORMAT RESTART TABLES

DMAP ) Bit Position '
Inst, ! 10 20 40 50 a0

SAVE i o012 q 68 0
coND 1 oqi2 g & 0 6
Fauty 12345567 2012 & 23e 6 8
cvev 1234567890k )

SAVE 12345678901 13

CHXPN T 1234567890 13

85§ &

coND 1234567890 £ 3

READ 123436789001 234 ) 13 89
SAVE 12345678901236 & 13 89
CHIPNTY 123456789001236 S 13 a9
858 &

P AR AN 1234567890123 4 o 13 a9
o¢p L23656789Q123¢ 3 t 3 89
SAVE 12345678901236 % 13 a9
conD 12345678901232% 4 13 B9
CveT2 1234567390) % 13 89
SAVE 1234567890 4 t 3 89
CHEKPN T 1236567890 4 13 89
383 6

€oND 1234567890 4 13 89
ghit ) 1224567890 4 13 89
som 2 89

oFp 9

SAVE ¢

APDR 12 ooh2 4547 123

SAVE 12 ott2 4567 . {123

CHRPN Y 12 S0l 2 5567 l123

858 ) .

PARTN 12 oL 2 i g &9
SMPYAD 12 o012 it B L
MTRXIN 1 23 0 67
SAVE 1 23 0 &7
PURGE 12 4 23 t &7
gouty 12 & 91 23 0 &7
CHEPNT 12 % g h 23 o 87
35S 6

GKAD 12346 6 8901 34 23 g123 67
CHRPNT 1236 6 8901 3% 23 o123 &7
355 & .
GH AM 123454678901234% 234 olt23 56789 | 2
SAVE 12345678900 23% 236 0t 23 346789 | 2
EHEPNT 123458789011 234 236 o123 56789 | 2
888 6

PARAML 8

855 7

pURGE 8

85% 7

coND 8

838 7

PLTSEY 8

3.88
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS i

DAMP ’ Bit Positfon
Inst, 1 10 20 30 40 50 60

858
SAVE
888
PRTMSEG
858
PARAK
$8S
PARAY

|
I
I
|
| i,
:
|
I
|

- @ mf w] ed W

855
BLOT
8$S 7
SAVE
35S
PRYHSG
858
LABEL
855
coNn
. oanAn
4G
SAVE
CHKPNT
358 6
COND
INPUTT2
LABEL
PARAY 1234567890123
AMP 1236367690123
Eg SAVE 1234567890123
CHXPNT 1236567890123 i
83s 6 !
PARAY o -
- e 8 :
E PAR AR ' Il ;
B AR AY 12356789123
Juup 1234567890123
I LAREL 1234567890123

-

|
o © e © O o @ o O

- =]

902 q - 60 4

45
45
435

23 ;
23 }
23

Ot Omr gt i
W0 00D

iz23 & &89
123 6 89
123 6 av
123 & 99

o
L o
0 G 0D
A ™oty M
-<
(Y]
) v o ] e vl e g
NP o O

4567890 56799012
4567890 56789012
4567890 347894012
45678906123 56789412
455789¢123 56759012
4567890123 56789012
656789123 5679912
§567890123 56769412

Fal 1236347890123
SAVE 1234567850123
CEAD 123456 189d123
SAVE 1236567894123
E, coND 1234567890123

Ll - B
Lol B ol ol -l
DO DD O DD D
NN RN e

cOND 1
via
SAVE
E conp
! oFP
SAVE
L 8BEL _ L

3.89




DMAP
Inst.

FA2
savE
CHXPN Y
8S3
COND
LABFL
€oND
REPT.
Jusp
LABEL
CHL PN T
13
PAR ML
€0yn
XY TRAN
SAVE
XYeLOY
LABEL
PARAY
coND
MODACC
0OR 1
CHKONY
855
EouIY
COND
sna i
LABEL
CHKPNT
838
gouiv
conn
VEC
PARTY
LABEL
she 2
CHX PN T
8SS
oFe
COND
8S$
pLOY
$55
PRTMSS
855
LABEL
8ss
Jyvpe
LAREL
PRTPARY
LABFL

PN s ey dpEy

e BN i B T et S oess B oot BRI s B o T S

RIGID FORMAT RESTARY TABLES

Bit Posttion
= 30

1 10 20 40
1234967890123 06 92 45567650123
1234567890123 4 &6 9|2 4567890/123
1234567894123 46 912 4567803123
-]
123434769Q123 56 9|2 656789123
1236586789023 & 6 92 64957890]123
1236347690123 46 9|2 4567090123
1234367390123 46 912 456T789¢L123
1234567894123 4 6 9| 2 456789Q123
123456789Q123 46 9|2 4567894123
1234567890123 4 & 92 65578901123
6
0
G
0
G
0
' ¢
1234567890123 L 4 6 912 4567890123
1234567894123 ! 4 6 9] 2 4387890123
1236567890123 66 92 45578900123
1234567890123 6 912 4 67690123
123456789122 646 9] 2 4 67890123
' -]
123456789Q123 &6 91 2 4567890123
12343678900123 6 6 9| 2 4557850123
1236567890123 46 9| 2 4567890123
1234567890123 ¢ 6 9] 2 4367891123
1234367890123 $ 6 9 2 454678901123
6
1234567890123 &6 9| 2 6557890123
1236567890123 ¢ 6 9 2 4567870123
1234567892123 6 91! 2 4567890123
1234567890123 6 6 9! 2 4567890123
1234567890123 5 6 9f 2 4567890123
1236567993123 & 6 @] 2 6557850123
1234567690123 4 6 9 2 456783Q123
6
9
8
7
8
7
8
7
8
. .
12365678900 22456 89Q1234% 6 9] 2 #53678901L23
1236567890E23456 89012356 & 9| 2 4567890122
12345678900235656 8901234 & 9| 2 45467850123
1236567899123456 8901234 & 9] 2 64547830123

|

50

80

34709912
56789012
56789002

8678902
Sa78s0112
6769012
84789012

56789

12

s6va9dl2
56769012

56789012
g6789(Q12
56789012
56789012
567890/12

56789
56789
96709
56789
56789

56789
54789

12
12
12
12
12

12
12

547890{12
36789012
567859012
56789012
56789412

567890{12
546789012
s678%0/12
56789012

3.90
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DMAP
Inst,

PATPARM
LAREL
PRYPARY
LABEL
PRYPARY
LABEL
PRYPARY
LABEL
PRTPARY
LARFEL
END

COMPRESSOR

1 10

1234567890]123456
12345675901 23456
1236567890[1234%6

123456789
123456769
123456789
1234236789
123456789
123456789
123456789
123456789

L23456
k23456
123456
123456
123456
123456
1234656
1234656

BLADE CYCLIC ~ODAL FLUTTER ANALYSIS

ae
89
a9
a9
a9
as
a9
a9

a9
89

1236
1234
1234
1234
1234
1234
1234
1236
1234
1234
L1236

oo

WOHDDDDD O DD G

0 Bit Position
W

LUN X R S B BTN R U T S ]

40

43467890]123
4567890{123
4567890{123
23567890123
4567090123
45578941123
4567890123
$36T789M123
4567850123
4367890123
$5678901123

60
5467890R 2
36789002
pevagonz
S6709032
se7ev00 2
s67690) 2
56739012

S&7890012

567890012
567890) 2
S6va90)2
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RIGID FORMAT RESTART TABLES

2.6 .4 Rigid Format Change Restart Table

DMAP
Inst,

BEGIN
FILE
GP 1
SAVE
conn
CHEPNT
PUR GE
g2
CHLPNT
GP3
CHEPNTY
Tal
SAVE
conD
PUR GE
CHEPNT
PARAM
PARAM
PARAM
CNND
pAR AM
INPUTTL
gouiv
CHEPNTY
LABEL
EMG
SAVE
CHAPNT
coND
EMA
CHEPNT
LABFL
COND
EMA
CHKPN Y
COND
GPWG
nep
LABEL
EQUIY
CHKPNT
coMD
SHMA 3
CHEPNT
LABEL
GP g
SAVE
PARAM
COND
PURGE
Greve

Bft Position
=75

80
345670901234567 345
345670901234367 345
345679901234567 349
345478901234567 345

3 &78

3 678
3 678
3 478

478
478
678

Lok A9 W

‘3.92
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COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS ?

DHAP Bit Position
Inst. 63 —— 70— 80

SAVE
PN T
€AND
conp ‘ : i
Gpspe
8AVE
conp
oFp
LABEL _
EQUIY ) -
CHCPNT : :
cnNn

MCEL

CHRPNT

MCF2

CHRPY Y :
LABEL :
goutiy

CHEPNT

gone

SCE1 :
CHILPN T

LAREL

EQUIV

CHRPYT

coup

§Mp )

CHIEPNT ]
sMp 2 ' !
CERPNT ‘

LABEL -
02D : : i
saye

CanND 3145678901234567 345
EQUIY

cveT2

SAVE

CHEPNY

coNp

BEAD i
SAVE '

CHEPY T

PARAY

oFe

SAVE

(a7 345670901234567 345

cyYeT2

SAVE k
CHILONT . ) ;
COND
sDe1

Ay s

3.93
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DMAP
Inst,

$DR 2
oFp
SAVE
APDB
SAYE
CHPNT
PAR TN
gMPYAD
MYRXIN
SAVE
PUR GE
enuiv
CHEPNTY
GxX a0
CHKPNTY
G om
SAVE
CHKPNT
P AR AML
PURGE
conND
PLYSET
SAVE
PRETMSG
BPARAM
P ARAM
coND
PLAY
SAVE
PRTMSG
LABEL
conD

P AR &Y
MG
SAVE
CHEPNY
conND

M ew W e

LAGEL
PaR AN
aAMP
SAVE
CHIKPNT
PARAM
PARAY
P AR 4™
PARAM
Ju#p
LABEL
FalL
SAvE

FeE e TR FPER M M N W

INPUTT2

RIGID FORMAT RESTART TABLES

Bit Position
63 70

3 234
3 23%

345678901234567

2656T8901234567
3454678901234567
245678901234567
345678901234567

80

345

345
345
345
345

3.94
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DMAP
Inst,

Crab
SAVE
coNd
conn
yoR
SAVE
covD
nFe
SAVE
LABEL
FA2
SAVE
CHRPNT
Cond
LABFL
coND
REPT
Juvp
LABEL
CHIPMNT
PARAML
coun
XY TRAN
SavE
avYeLoY
LABEL
paRAY
€oND
mppacc
DoR
CvmPNT
EQu iy
coxp
spat
LABREL
CHKPNT
EQuUiY
coNp
VEC
PARTN
LABEL
SnR 2
CHIRENT
ofp
€onn
PLOY
PRTYSG
LASEL
Jump
LABEL
pPRTPARY

COMPRESSOR BLADE CYCLIC MODAL FLUTTER ANALYSIS

Bit Position
I R

3456768S012346547
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MODAL FLUTTER ANALYSIS OF AN ADVANCED TURBOPROPELLER

A. Description
The dynamic aeroelastic stability of a ten-bladed advanced turbopropeller

at a given operating condition is examined in three phases:

FPhase 1 generates the differential stiffness matrix when‘the propeller is
subjected to the centrifugal loads due to its rotation. The presence of any
steady state airloads is neglected.

Phase 2 calculates the "running" natural modes and frequencies using the
total (elastic plus the differential) stiffness from, and the geometry at the
end of, phase 1. This phase is checkpointed, and allows the user to select the
structural modes to be included for flutter analysis.

Phase 3 is a restart of Phase 2 and computes the flutter eigenvalues. Vg,
Y-f curves and plotted to examine stability.

The blades of the propeller are assumed to be:

a) identical in all respects,

b) mounted on a relatively rigid hub, and hence

¢) structurally independent, and

d) aerodynamically coupled via discrete interblade phase angles

g=2m/10, n =0, £1, ..., 4, 5.

Therefore, only one blade of the propeller is modelled as skown in Figure 1.

B. Input
1. Parameters:
Propeller
Number of blades =10
Diameter at blade tip {grid point 4) = 23,8 in.
Diameter at shank root (grid point 153) = 4.1 in.
Chcrdlength at tip = 1,28 in.

4.1
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Chordlength at root
Sweep angle at tip
Sweep angle at root
Young's modulus
Poisson's ratio

Material density

3.03 in.

51.0 deg.

~15.9 deg.

16.0 x 105 1bf/in?

0.35

= 4.141 x 1074 1b¢.5ec?/1n

1

No structural damping included in flutter calculations.

Operating Point

Blade setting angle (at 8.98"R) with the
plane of rotation

Rotational speed

Free stream Mach number
Free stream velocity
Free stream density

2. Constraints:

i

69.0 deg.
6800 rpm
0.70

8336 in/sec.
9.763 x 1078 1bf.sec?/in

4

A1l degrees of freedom at the root of the shank are corstrained to zero.

C. Results

Phase 1: Results are shown in Figures 2 and 3.

Phase 2: Figures 4 through 6 illustrate the first three natural modes at

6800 rpm.

Phase 3: Typical flutter results are shown in Figures 7 and 8 wherein the

first bending mode is seen to be unstable {g, u > 0).

The results are in good agreement with the experimental observations, as

reported in Reference 1.

D. Reference

1. Elchuri, V., and Smith, G. C. C., "NASTRAN Flutter Analysis of Advanced

Turbopropellers," Final Technical Report, NASA CR-167926 » April 1982.
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== Structural Grid

u:-—- Aerodynamic Grid

“Computing
Stations" —ae._

Chord

‘\g'i?’, Grid point 153

Figure 1. NASTRAN Structural and Aerodynamic Models of
the Advanced Turbopropeller for Flutter Analysis
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2. SR-5 Steady State Deflections Without Differential Stiffness
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with Differential Stiffness

Figure 3. SR-5 Steady State Deflections
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! SRS ADVANCED TURBOPROP FLUTTER ANALYSES
NASTRAN RF 4 DISP, DIFFERENTIAL STIFFNESS

10 BLADES, 6800 RPM. 70 TUNNEL MACH NOD.

i CARD
COUNT
1 $ :
K 2 TITLE = SR5 ADVANCED TURBOPROP FLUTTER ANALYS]
3 SUBTITLE = NASTRAN RF 4 DISP. DIFFERENT JAL STIFFNESS
4 LABEL = 10 BLADES, 6800 RPMy, 70 TUNNEL MACH ND.
- 5 $
E & ECHO = SORT.PUNCH
¥ SPC = 1
8 LOAD =1
r s s
y 10 SUBCASE 1
11 LABEL = LINEAR SOLUTION
i 12 pISP = ALL
» 13 SUBCASE 2
14 LABEL = NCNLINEAR SOLUTICN
15 DISP{SORTL.PRINT sPUNCH) = ALL
14 $
: 17 OUTPUTIPLOT)
- 18 SET 1 = ALL
é 19 PLOTTER NASTPLTY.MODEL DO
20 PAPER SIZE 8.5 BY 11.0
21 MAXIMUM DEFUORMATIUN 0.5
E 22 FIND SCALE -ORIGIN 1.SET )
a 23 PTITLE = SOL 4
24 PLOT STATIC ODEFGRMATION UoSET loORIGIN 1.PEN 2
25 BEGIN BULK

=y

£

{# USER INFORMATION MESSAGE 207, bULK DATA NOT SORTED,XSORT WILL RE-ORDER DECK.

THE BLADE SHAPE DEFINED BY THE GRID DATA IS THE "AS MANUFACTURED" (PRETWISTED)
SHAPE. ONLY CENTRIFUGAL LOADS ARE CONSIDERED IN COMPUTING THE DIFFERENTIAL STIFFNESS
IN THIS RUN.

==
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86
115
-1.3863
-1025
-.89
-0.1881
35

abb

- 99

BULK
e 5 ¢o 6
1192962 ’009631
11.18 -1.0
10.92 -1.02
10.46 -1.07
10.07 -1.09
9.83 -1009
9.60 =~lol
10.9578 -0.6356
10.82 ~aH6
10059 *974
10.05 -082
9,60 ~a82
9035 -983
9.12 --83
10.5713 -Q.2723
10042 “932
10n10 -39
9955 -QSl
2.05 =254
8080 -955
8.4923 -0.5412
10.2056 -0.0037
10006 —e05
9.7290 -0.16%41
9512 “029
B.62 —o34%
8.32 ~-s36
7.9926 -0.3687
9.7396 .3066
957 o 2%
2.20 12
8957 -.05
8.05 ~-a15
175 -220
7. 30 - 26
9.2455 L5677
F.06 a 49
8.68 35
7.9931 .1377
704 -002
Tol -o12
6075 —a23

DATA ECHO

W,__,‘Wm. -

i e i oo e

P .




ey ey

TR RSl TR R RN, R

7
-] L [0 -]
GRID 78
‘ GRID 79
Eoer GRID 80
i _GRID 8l
: GRID 82
© 3 GRID 83
> GRID 84
" GRID 85
i 1 GRID 86
: GR1D £7
Y . GRID 88
GRID 89
* GR1D S0
GRIV S1
. I GRID 92
. GRID 93
[ GRID S4
> ¢ GRID $5
; [ GRID %6
: GRID 57
. . GRID 58
3 gfeaao 59
: 8. GRID 100
: GRID 101
) Z’ GRID 102
. 1. GRID LO3
) GRID 104
2+ GRID 1C5
: gleaﬁo 10
% GRID 167
_ GRID 108
ﬁ GRID 109
v GRID 110
GRID 111
GRID 112
GRID 113
GRID 114
SRID 115
GRID 116
| GRID 117
; GRID 118
| 119

2

Q0

SORTED

3 oo 4
=1.7477
-l.0
‘.016
ot 2
<19
54600
91
-2.2101
-2.0
=147
-a57
11
o5
« 9494
-205336
—-2.27
-1.4800
~0.6637
21296
56
1.0091
-2.6781
-2 q 36
-1.68
-06
o 1945
62
1.05
-2.5075
-2.2036
_1055
=251
0 2%

265
110
-2 .28
-2.0
_1941
-042
232
.72
1-15

BULK DAT A
oo 5 oo & oo
87493 L7742
8.58 - 69
8.15 51
Tok o 2%
6,79 02
6.4943 -0.1089
6.1 ~-.21
8.0024 11,0004
To75 - B9
7037 YY)
6,67 027
612 03
5.8 —ol
5.4972 =0.227%
7.0007 1.0946
6.87 295
6.4964 .6669
5.9958 .2676
534969 -000002
5.25 -0l
4.9992 —0025¢1
5.9958 1.0111
5.9 287
5.67 Y.
5.3 21
49979 -0.0355
408? —015
4. 75 —=26
4.9937 .8290
4.9941 27208
4,90 o%8
4,75 alé
4hob2 =06
‘9’055 -ol?
bo45 -.27
%a 30 268
4.3 259
Yo 039
%.35 oll
a3 --08
4o 25 -.18
4525 _027

ECHO




s S acas IR o BN i< I e SN e M- B T

GRID
GRID
GRID
GRID
GRED
GRID
GRIY
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
CRID
GRID
GRI1D
GRID
GRID
GR1D
GRID
GR1ID
GRID
GRID
GRLD
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRID
GRI1D
MATL
PQUADZ
PQUADZ2
PQUADZ
PQUAD2Z
PQUAD2

(- -3

120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153

155

A ) PO b b

aQ

bt s gt (et ft et

SORTED

3 oo &
-200
'E. oT2
-1:A7
-s25
45
o 8%
1.29
-1labl
=1.31
_094
-009
511
25
13693
-~1-3691
~l.14%
“-a 15
-obb
"047
-02?
o0
027
79
1.10
Loé744
-047
-027
00
27
%7
_047
'027
-0
94?

ET
-012
024
032
036
0030

BULK DAT A& ECHD

-X-] 5 oo .3 oo T oo 8
3.62 53
3,59 o &%
3,66 029
3.75 <05
3,80 "ell
3,80 -od
3.80 ~ 028
2.87 036
2099 29

3.1 021

3.3 212

3.5 ‘014
3.5 -022
3.6013 -0.2971
2.5735% .2786
20 6% 022
2072 o13

3.0 0%
2.76 07
2-80 «03
2.83 -202
2098 "905
3.07 ~--08

3. 20 -ola
303’# -023
3.45%3 -0,2758
244 Q9
2attd U4
2044 00

2o 4% =04

20 %% -.08
2:06 =09
22006 0%
2.06 -0

2.06 - o 0%
2,06 -209
035 -w004141

e o m

e o -

. b B i ——



SORTED BULK D AT A ECHO.

N Ay

[ 1 X 2 aao 3 ce & oo 5 oo b o0 7 a0 8 oo 9 ) 10 o :
PULAD2 6 A 018 -
 POQUADZ T 1 201% |
PQUADZ 8 i .028 '
PYUAD2 9 1 0037
" PQUAD2 10 1 .04 3
PQUAD2 11 A <036
PQUAD2 12 1 .022
PQUAD2 13 ) 2016
E PQUAD2 14 1 2032
PQUAD2 15 1 -0%8
PQUADZ it 1 .051
I POUAD2 17 i 00%2
PQUAD2 18 1 .023
POUADZ 19 1 .018
PQUADZ 20 1 -034
E PQUAD2 21 1 0053
PAUAD2 22 1 0058
. PQUAD2 23 1 <046 |
i PQUAD2 24 1 <025
PQUADZ 25 1 .021
POUAD2 26 1 0042
i PQUAD2 27 i .061
' PQUAD2 28 1 2066 - ;
PQUADZ 29 .-l- 0051 :'ﬁ-.‘
PQUADZ 30 1 0027 P
I PQUADZ 31 1 024 3
PQUAD2 32 1 2049
PQUAD2 33 1 .070
[ PQUADZ 34 1 2073 ;
PQUADZ2 35 1 .057
PUUAD2 36 1 oG 20
[ PQuAD2 37 1 .028 3
, PQUAD2 38 1 0054 . :
PQUADZ2 39 1 -078
PQUAD2 40 1 .082
[ PQUADZ 4l 1 2065
PQUAD2 42 1 2035
PQUAD2 43 1 2031
' PQUAD2 44 1 061
PQUAD2 45 1 .088
POUAD2 46 1 0093
! PQUAD2 47 1 .075
' 4.20




o 1
PQUAD2
g PUUAD2
PQUAD2
PQUAD2
E PQUAD 2
PQUAD 2
PUUAD2
- POUAD2
g PQUAD2
POUAD2
PQUAD 2
g’ PQUAD2
PQUAD2
PQUAD2
PQUADZ
g PQUAD 2
PQUAD2
POUAD 2
g PQUAD2
PGUAD2
PQUAD2Z
g’ POUAD2
PQUAD2
PUUAD2
PQUAD2
gip@unoz
PQUAD2
PQUAG2

i PUUAD2
PQUAD2Z
PQUAD2
" PQUAD2
POUAD2
PQUAD2
PQUAD2
PQUADZ
PUUAD2
© o POUADZ
¢ ¥ pounnz
¥ & pouap2

L PQUADZ
J i) { PQUAD2

g R iy
-

&
g

ot P fmee e [t [ e et e s ft s fe [ (et et D e [t Pt [ fe Pt (e (e fest e pee e e s [ pee e Gt e pme fe (e s O

SORTED

3 .o &
-039
038
0068
098
103
083
0046
<041
0076
o110
o118
<091
o047
083
2120
129
=100
Q44
<045
- 090
2135
0138
-100
<048
053
106
=152
ol %8
2G99
LT
063
0123
171
2157
« 099
« 046
071
o141
0206
o177
all2

[- -]

B U LK

- 9

[--1

DAY &

6

L=

7

ECNHO

oo

[ <]

4,21



1

PQUAD2
PQUAD2
PQUAD2
PQUAD 2
PUUAD2
PQUAD2
PQUAD2
PQUADZ
_ PQUAD?2
PQUAD2
PQUAD2
- PQUAD2
PQUADZ
PQUAD 2
P POUAD2
; PQUAD2
POUAD2
PQUAD?2
S PQUAD2
POUAD2
PQUAD2
E PQUAD2
POUAD 2
PQUAD 2
" PQUAD2
[ PQUAD?Z
PQUAD?2
PQUAD?2
[ PQUAD2
PUUAD2
PQUAD2
[ PIRIAZ
PTRIA2
PTRIA2
PTRIA2
[ PIREA2
PTRIAZ
PTRIA2
[ PTRIA2
PTRIA2
PTIRIAZ
! RFORCE

aa

90

91

92

93

G4

$5

So

97

<8

99

100
Lo}
102
103
104
105
10&
107
108
)
110
121
122
123
124
125
126
127
128
129
130
111
112
113
114
115
116
1p7
118
119
120

€ bt Dt (o Pt (e s fuad pt e o et fet e P e P e B pe (e P b P e gt e Pt B pee b s (o (8 o fee e P [0 [ (0 pes O

SORTED

3

[-J8 -]

2048
-0B%
<172
0232
198
o135
062
o119
206
266
0230
o152
2071
L&)
237
0367
o319
<167
=075
0222
2373
a2%2

4

-089

LTS
830
830
&bl
LT3
-830
830
abbl
531
532
2396
o5%4
« 520
2591
0557
2519
396
<377

BU LK

a o 5 oo

113,34

1.0

DATA
6 (-8}
-0

7

ELCHO .
™ 8
o0

(-2~

oo

4.22

10




E A" R I

= e RN TR e ST

TR T T A A T S Tl AR R R

° 1
SPCL
SkC)
SPC 1
ENDDA TA

1
1
1

2

SORTED

on 3 .o &
% i

-] 7
123456 151

BULK

a o 5 Qo

57
el o8
THRU 155

DAT A
6 oo

134

ECHO

145

4.23

. ey

I

et —— e



s

TR e

N &S TRAN EXECUT I VE CONTROL D ECK

NASTRAN SYSTEM(76)= 1 $ SWEPT TURBOPROP QPTION

iC NASA, SRS5PRUP

aAPp AERD

SgL 9

TIME 12 $ IBM 37073031

$

CHEPNT YES

$

$538058389985597985995955355958559595358933555349899995555555855998855%%

$ BELL/NASA NASTRAN AERO SCL 9 ALTERS TO PLOT MODE SHAPES AND $

3% ENCLUDE KE AND PK METHODS OQF FLUTTER ANALYSIS $

$3355555558358559538553359555658553895598550535583885809399358808335%66%

$

% ALTERS TO #LOT MODE SHAPES.

$

ALTER 103,103

SOR2 CASECCCSTMoMP T oDIT,EQEXINoSIL oo oBEPDToLLAMAL o PHIGEST 00/ 00
OPHIGe s o PPHIGAC o N REIG $

CHEKPNT PHIG.PPHIG &

ALTER 105

PLTSET PULLB EQEXINCECY/PLTSETZ:PLTPARZGPSETSZELSEYSZ/
SeNsNSIL2/SoNs JUMPZ==) %

PRTMSG PLTISETZ //

CCND PdloJUMPZ §

PLCT PLTPARZ GP SETSZcELSETSLCASECC :BGPDYEQEXINGSIL oo PPHIGo o/
PLOTA/Y oNoNSILZ/Y o NoLUSET /Y oNo JUMPZ/ Vo N PLTFLGZ=-1/
SeNPFELEZ=0 %

PRTMSG PLOTZ /7 %

LAEBEL PLL %

&

$$369555985355535555550855585358895558335535553355599555858555555558985485%

EXIT & INCLUDE OMLY IF TERMINATIGN AFTER MODE PLOTS IS DESIRED. $

$5495505350905555959309855555858059888555533535559583385805885595585688659
$

L) ALTERS FOR KE AND PK METHCOS OF FLUTTER ANALYSIS.

5

AMLTER 152,153

Fal Kitho BHHo MHHo OHHL fCASECC o FLI ST /F SAVE o K XHH o BXHH o MXKH/

SoNo FLOOP /SN TSTART/S,NNGCEAD $
ECUIY KAMHoPHEIH/NOCEAD /B XHH L LAMA/NOCEAD/

KXhHoPHIHL /NCCEAD /B XHH o CLAMAL /NOGCEAD/

CASECC,CASEYY/NDCEAD %

4.24

ECHO

R

e, 2

" L T T I T L I PL N et R g Ll L T e TR BT " o AT T Ty, .2 W] Ton Y00

o=y oy




. LA M B s Y

. R e e R

.

B a8
S

N ASTRAN

COND VOR,NOCEAD $
ALTER 156

LABEL VDR ¢
ENCALTER

$

CEND

EXECUTI VE

CONTROL

DECK

ECHDO

4.25
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R ey
E NASTRAN EXECUT R VE CONTROCL DECK ECHKO

iecm OF FIRST CARD IN CHECKPOINT DICTIONARY TO BE PUNCHED OUT FOR THIS PROBLEW
RESTART  NASA o SREPROP o 44154820 7702, |

=y s

oo T T e

4.26

s -y -]

e ALl L g L g 2R e 3




ﬂ{m{@%ﬁ‘ PR G oo

It gl

I SRS ADVANCED TURBOPROP FLUTTER ANALYSIS

BELL/NASA NASTRAN RF 9 AERD., MODES

: . 1C BLADES: 6890 RPM, 70 TUNNEL MACH NO.

A

CASE CONTROL DECK ECHD
I CARD

: COUNT

1 s

%: l 2 TITLE = SR5 ADVANGED TURBOPROP FLUTTER ANALYSIS
- 3 SUBTITLE = BELL/NASA NASTRAN RF 9 AERG.  MODES
4 LABEL = 10 BLADES, 6800 RPMo .70 TUNNEL MACH NO.
5 $

! 6 SPC = 1

7 METHOD = 1

8 VECTOR = ALL

i 9 s

' 10 UUTPUT(RLOT)

11 SET 1 = ALL

E 12 PLOTTER NASTPLT,MODEL D00

13 PAPER SIZt 8.5 BY }1.0

14 MAXIMUM DEFORMATION 0.5

5;; 15 FIND SCALE ORIGIN 1.SET 1

- E 16 PTITLE = SOL 9 AERO

17 CONTOUR VDI SPLAC

18 PLGT MODAL DEFORMATION CONTOUR oSET loORIGIN 1,PEN 2
' g 19 BEGIN BULK

#

L

# USER INFORMATIGN MESSAGE 207, BULK DATA NUT SORTED XSURT WEILL RE-URDER DECK.

THE BLADE SHAPE DEFINED BY THE GRID DATA IS THE DEFORMED SHAPE OBTAINED
AT THE END OF THE DIFFERENTIAL STIFFNESS RUN. o

DUE TO THE REQUEST IN THE EXECUTIVE CONTROL DECK TQ EXIT AFTER PLOTTING MQDE
SHAPES, IT IS AT THE USER'S OPTION 7O INCLUDE OR EXCLUDE THE AERODYNAMIC DATA FQR
FLUTTER ANALYSIS, IN THIS EXAMPLE THE AERODYNAMIC DATA HAVE BEEN LEFT OUT.

A S R A N L R T A I s B S R G T e e 3t L U S iine

i SERR L

T N Fag dap ey g ey Bag

4.27
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|
I
|
|
[
I
I
i
i
i
|
q
I
I
|

.

o 1

CCORD2R
+C2R1

Couapz
Couap2
LAUAD2
CQuab2
couape
Cauap2
Lauap2
CQuUAD2
CQuAD2
CQAuUAD2
CQuap2
cQuapz
CQUAD2
CQUAD2
Cavav2
QuaD2
Cauap2
CouADd2
LaUADZ
CyuAp2
Cauap2
CouaDd2
Cauap2
CavanZ
CQuab2
Couab2
Lauad2
CauUAD2
CQuUADe
cQuap2
L QUADZ
CQuap2
CauaDz
LouadD2
CQuAbL 2z
Cauab2
CQuAD2
CQuad2z
CQUADZ
CQuabz2

L]
3 o
]
%
«
] ™

MO U S W N

BU LK

5

W W
LS

SORTED
-0 3 [-0-] ‘9 L
50 00

=2 0277 Q.0

)3 1 2
2 2 3
3 3 4
& % 5
5 5 6
& 6 7
7 8 2
8 ) N
9 10 1}
L0 11 12
11 12 13
12 13 14
13 15 ie
14 16 17
15 iv 18
16 18 12
17 19 20
18 20 21
19 22 23
20 23 2%
21 2% 25
22 25 26
23 26 27
24 27 28
25 29 3P
26 30 31
27 31 32
28 32 33
29 33

30 34

31 36 af
32 37 38
33 38 39
34 39 40
35 40 41
36 41 42
37 43 44
38 &4 45
39 &5 %6
40 40 47

(-]

o0

DATA ECHD

6 oo 7 oQ ) oo
"'0027? *09996 o@

2 o

4,28

. 10
SC2R1

L]




|

3

!

|

° i
CQuAd2z
CQUAD2
CQuAD2
CQUAD2
CQUAD2
CQUAD2
CQuAD2
Ccguabe
cguab2z
CQuAD2
CQUAD2
calapz2
CQuab2
CcQuap2
CQUAD2
couanz
CQuap2
CQuADZ
CQuaD2
CQuab2
CQuUADZ
CQUAD2
CQuan2
CQuAaD2
caQuap2
CQuAaD2
CQUADZ
couap?2
CQUADZ2
CQuAaDZ2
cQuap2
CQuan2
CQuap2
CQLADZ
CuUADZ
CQUADZ
cquand
CQuAabZ
CaQuAD2
CoyUAD2
CQUAD2
Cauad?

2

[« -}

41
42
43
44
45
46
47

49
50
51
52
53
5%
55
56
5%
58
59
60
6l
62
63
64
65
66
67
68
69
70

72
13

75
76
77
78
79
80
81
82

SORTED

3

o0

47
48
50
51
52
23
54
55
57
58
59
60
6l
62
6%
65
66
67
68
69
71
72
73
74
75
¥é
78
79
80
81
82
83
85
86
67
88
89
9c
92
93
%
95

4

[ -]

%8
49
53
52
53
54
55
56
58
59
60
6l
62
63
65
66
67
68
69
70
72
73
14
75
76
77
73
80
81
82
83
8%
8o
87
88
89
20
91
23
2%
95
Q96

BULK

5

oo

55
56
%58
59
60
6}
62
63
65
66
&7
648
69
70
72
73
14
75
76
17
79
80
8l
8z
83
84
86
57
88
a9
20
91
93
9%
95
96
91
98
100
101
o2
103

D AT A

-]

oo

54
5%
57
58
59
60
61
62
64
65
6&
67
68
0%
71

72
73

T4
75
(L]
78
79
80

7

ECHO.

(-}

8

o9

4.29
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WY STE T LR TR BRI Ryt

o 1
CQUAD2
CQuAD2
CQuab2
CouaD2
CQuAD2
CQuUAD2
CQUAD2
CQUADZ
CQuAD2
CQUADZ
CQuaD2
CQUAD2
CQUAD2
CQUAD2
CQUAD2
C QuaD2
couan2
CQUAD2
* CQUAD2
' CQuUAD2
CQUAD2
E CQUAD2
r CQUAD2
CQUAD2
CQUADZ
CQUAD2
LQuAD2
CQuAD2
CQUAD2
CQUADZ2
Couab 2
CQuADLZ
CQuAD2
cauape
CQUAD2
CQUADZ
CQuAD2
CQuUAD?2
CIRIAZ
CTRIA2
CTRIAZ
CTRIAZ

B Ny e ) ww TN BN

o a

83
84
85
86

8¢
89
90
Sl
92
S3
S4
95
96

%8

99

Lo
101
102
1G3
104
165
106
107
108
109
110
121
122
123
124
125
126
127
128
129
130
111
112
113
114

2

S a

83
84
85
86
87
88
89
20
2l
922
Q3
94
95
96

98

99

100
101
102
103
104
105
106
107
L08
109
110
121
122
123
124
125
126
127
128
129
130
1il
112
113
114

SORTED

3

96

97

99

100
101
102
103
104
106
107
108
109
ilo
111
113
114
115
16
117
118
120
121
122
123
124
125
127
126
131
132
138
139
140
141
146
147
148
149
129
129
129
137

%

BULK

P o 5 [ -]
97 104
98 105
120 107
el 108
102 109
103 iio
104 111
105 112
107 114
108 115
129 Y
110 117
111 118
112 119
114 121
j1s 122
i1is 123
117 124
118 125
119 126
12} 128
122 129
123 130
124 131
126 132
126 133
28 135
129 136
132 144
133 145
139 147
140 148
141 149
1462 150
147 152
148 153
149 154
150 155
138 136
137 138
130 137
130 140

DATA

ﬁ [- 1N -]
103
104
106
107
108
109
110
111
113
114
115
118
117
118
120
121
122
123
124
125
127
128
129
130
131
132
134
135
143
144
146
147
148
149
151
152
153
154

7

ECHO
-] 8

4.30




:
3

e G e

-} l
CTIRIAZ
CTRIAZ
* CTRIAZ
CTRIAZ2
CTRIAZ
& CTRIAZ
CYJCIN
CYJOIN
EIGR
+EL
GRDSET
GRID
200
@R1D
*G0
GRID
=G0
GRID
“GD
GR1D
% G0
GRID
*D
GRID
*G0D
GRI1D
*GD
R1D
*GD
GRID
* D
GRID
*GD
GRID
%G
GR1D
*GD
oRID
%GD
GRID
G0
GRID

=y Ry

W B W S N Ay P G  eay S B ey Bumg Gy

L -}

115
116
117
118
119
120

MA X

«l
1
2
2
%3
3
¥4
4
B85
5
*6
6
L¥}
7
Y
8
%G
g
%10
LO
%1}
1}
%12
12
k13
13
#14
14
*15
15
%16

SORTED

2 - 3 -3 -

115

116

17

118

119

120

FEER

L
-20.0310632E+00
=2.058249E+00
-2.114527E+00
~2.173213E+00
=-2.216011E+00
-2.254392E+00
-2.266630E+#00
-1.843213E+00
~1.876635€£+00
~1563854£+00
-2.027197E+00
-2.066389E+00
~-2.069136E+00
-2.097482E+00

~1.666834F+00

138
139
140
141
130
k42
155
151

4
r
f

BU LK

(-]

137
137
130
130
131
131

DAT A

-] 6 (- -}

139
140
l4]
142
142
143
5

1
20419817E+00

2.432TLT3E+OQ
2.551602E200
20683628k400
2.865225E+400
2.990463E+00
3.,126074E+00
2a194761F+00
2:250464c400
2.37T542E+00

. 2.548495E400

2.733165E+00
£.832836E+00
2.996484E+00
1.964924E+00

2.043783E+00

ECHO

1:24%0F79E+01
1.238143E+01
1.225216E+01
1.202870E+01
1o172653E¢0Q1
1.156475E+01
1.140011E+01]
L.226047E+0Q1
1.216055E+01
1.206568E+0)
1.179852€E+01
1.150046E%01
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PQUAD2 65 1 2135

PUUADZ 96 X 0062

PQUADZ ST 1 2119 !
PQUAD2 S8 | 0206

PQUAD2 99 1 2266 i
PQUADZ 100 1 2230 |
PuuaDZ 101 1 0152 ]
PQUAD2 102 1 2071 '
PQUAD2 103 1 0161 ;
PUUADZ 104 1 0237 f
PAUAD2 105 i 0347 !
PQUAD2 106 1 2319 .
PGUAD2 1C7 i o167 |
PQUAD2 1C8 1 -075 ]
PQUAD2 1C9 1 0222 ,
PQUAD2 110 1 0373

PGUAD2 121 1 0242

PQUAD2 122 L .089

PLGUAD2 123 1 ob% ]

PuUADZ 124 i .830

PGUAD2 125 1 -830

POUAD2 126 i obf)

PGUAD2 127 | o4 1 e
PQUADZ 128 1 2830 a
PUUAD2 129 1 830 L
PUUADZ 130 1 ol

PTRIA2 111 1 0531

PTRIAZ 112 1 2532

PTRIAZ 113 1 2396

PTRIAZ 114 1 0544

PIRIA2 115 1 +590

PTRIAZ 1lle6 1 e591

PTRIA2 117 1 0557

PTRIA2 118 1 0519

PIRIA2 119 1 2396

PTRIA2 120 1 2377

RFORCE 1 0 113.34 1.0 0 0

SPC 1 1 4 1 57

$PC1 1 6 7 91 98 134 145

sPCl 1 123456 151 THRU 155

ENDDATA

4.4
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NASTRAN EXECUTI VE CONTROL 0D ECK ECHO

NASTRAN SYSTEM(76)= 1 $ SWEPT TURBOPROP OPTION

ic NASA, SR SPROP
APP AERD
SGL o
$
RESTART NASA +SRSPROP ,00/C0/C0, 00000,
le  XVPS o ELAGS = 0, REEL = Llo FILE = 6
2, REENTER AT DMAP SEQUENCE NUMBER 7
3, GPL o FLAGS = 0y REEL = 1, FILE = 7
49 EQEXIN o, FLAGS = 0, REEL = 1, FILE = 8
5, GPDT o FLAGS = 0y REEL = 1, FILE = 9
by CSTHM ? FLAGS = 0y REEL = 1L FILE = 10
7. BGPDT o, FLAGS = 0y, RCEL = 1,y FILE = 11
8, SIL o FLAGS = 0o REEL = 1, FILE = 12
9y  XVPS » FLAGS = 0, REEL = 1, FILE = 13 ;
100 REENTER AT DMAP SEQUENCE NUMBER 10 |
11, ECT o FLAGS = 0, REEL = 1, FILE = 1% i
12,  XVPS o FLAGS = 0o REEL = 1, FILE = A5 |
13, REENTER AT UMAP SEWUENCE NUMBER 12
L4y  XVPS o FLAGS = O, REEL = 1, FILE = 16
15, GPTT e FLAGS = 0o REEL = 0y FILE = 0 |
160 REENTER AT DMAP SEQUENCE NUMBER 17 5
17,  EST » FLAGS = 0y, REEL = 1o FILE = 17 ;
18, GPECT o FLAGS = 0, REEL = 1lo FILE = 18 '
19,  XVYPS o FLAGS = Oy REEL = 1o FILE = 19 ’
20y  GEI o FLAGS = Gy REEL = 0O, FILE = 0
21y OGPST o FLAGS = U, REEL = 0o FILE = 0
22, REENTCR AT DMAP SEGQLENCE NUMBER 29
23,  MELM o FLAGS = 0o REEL = 1, FILE = 20
24, MDICT o FLAGS = 0, REEL = 1, FILE = 21
"5y  AVPS o FLAGS = Qo REEL = 1o FILE = 22 f
y-T) KELM ) FLAGS = Q¢ REEL = 0o FILE = Q
27: KDICT o FLAGS = O, REEL = 0o FILE = 0
280 REENTER AT DMAP SEQUENCE NUMBER 36
29, MGG o FLAGS = 0o REEL = 1, FILE = 23
30,  XVPS o FLAGS = O, REEL = 1, FILE = 24
31, REENTER AT OMAP SEWUENCE NUMBER 42
320 KTOTAL o FLAGS = 4, REEL = 1, FILE = 25
33, KGGX o FLAGS = 4 REEL = 1o FILE = 25
3%, KGG o FLAGS =4, REEL = 1., FILE = 25
35,  XVPS ., FLAGS = O, REEL = Lo FILE = 26
36, REENTER AT DMAP SEQUENCE NUMBER 54
4.42
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j
I |
37, CYCD o . FLAGS = 0p REEL = 1, FILE = 27
E 38, XVPS o FLAGS = 0, REEL = lo FILE 7 28
: 39, REENTER AT DMAP SEQUENCE NUMBER 63 ,
40,  KNN o FLAGS # 4, REEL = 1, FILE s 25 1
41, MGG o FLAGS = 4, REEL = 1, FILE = 23 i
E 42,  MNN o [FLAGS = 4, REEL = 1, FILE = 23
43 XVP S o FLAGS = 0 REEL = 1 FILE = 29
44, REENTER AT DMAP SEWUENCE NUMBER 71
E 45,  XYPS o FLAGS = 0, REEL = 1, FILE = 30
46 KFF ¢ FLAGS = Qo REEL = Os FILE = Q 3
47,  MFF o FLAGS = 0, REEL = 0, FILE = 0 {
g 48, REENTER AT OMAP SEQUENCE NUMBER 74 j
. 49,  KFF o FLAGS = 0y REEL = 1, FILE = 3} j
500 KFS s FLAGS = 0y REEL = 1, FILE = 32
51y  NFF ¢ FLAGS = 0y REEL = 1, FILE = 33 i
E 52, XVPS o FLAGS = 0, REEL = 1, FILE = 34 ]
53, REENTER AT DMAP SEQUENGE NUMBER 77 Ly
: 54, KFF o FLAGS = 4o REEL = 1, FILE = 31 ;
E 55,  KAA o FLAGS = 4o REEL = 1o FILE = 31 .
560  MAA o FLAGS = 4, REEL = Lo FILE = 33 ;
57, MFF o FLAGS = %, REEL = 1l. FILE = 33 ,
E 58, XVWPS o FLAGS = 0o REEL = lo FILE = 35 .
; 59, REENTER AT DMAP SEQUENCE NUMBER 90 .
600 KKK o FLAGS = 0o REEL = 1, FILE = 36 .
, 6ly  MKK s FLAGS = 0o REEL = 1k, FILE = 37 :
E 62,  XYPS o FLAGS = 0, REEL = 1y FILE = 38
i} 63, REENTER AT DMAP SEQUENCE NUMBER 94 {
6%,  LAMK o FLAGS = 0o REEL = l, FILE = 39 ;
E: 65, PHIK o FLAGS = 0o REEL = 1o, FILE = 40 ;
66, OEIGS o FLAGS = 0y REEL = Lo FILE = 41 :
67  XVPS o FLAGS = 0y REEL = L, FILE = 42 |
' 68, MI e FLAGS = 0o REEL = 0, FILE = 0 )
ﬁz 69, REENTER AT DMAP SEQUENCE NUMBER 101 }
70,  LAMA o FLAGS = Oy REEL = 1, FILE = 43 ;
» 71,  PHIA o FLAGS = 0o REEL = lo FILE = 44
E 72,  XVPS o FLAGS = Oy REEL = Ll, FILE = %5

$ ENLC OF CHECKPOINT DICTICNARY

$
I T IME 35 & IBM 370/3031
$
545953585555 55555658655555063855558859805565555685556553888%5585595638 %
I $ BELL/NASA NASTRAN AERG SOL 9 ALTERS TG PLOT MODE SHAPES AND $ '
I {
I ?
4,43 :
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NASTRAN EXECUT I VE CONTROL O ECK ECHO

$ INCLUDE KE AND PK MEYHCDS OF FLUTTER ANALYSIES $

§33$$995399999335999959335998353555939999555339335855555983850838535385899

$

% ALTERS TO PLOT MODDE SHAPES.

$

ALTER 103,103

SUR2 CASECC,CSTMoMP Y oDIToEQEXINSILop o BGPOToLAMA o oPHIGoEST 00/ 00
OPWMIGe o oPPHIG/C o N,REIG &

CHKANY PHIG.PPHIG §

ALTER 105

PLTSET PCLCBEQEXINECT/PLTYSETL PLTPARZIGPSETSZ.ELSETSL/
SoNNSILZ/S N JUMPZ=-]1 $

PRTIMSG PLTSETZ /7 %

COND PZE,JUMPZ &

PLOY PLTPARZ GP SETSZ cELSETSLoCASECL oBGPOT EQEXINGSILoo PPHIGos/
PLOTZ/VYoNNSILZ/Y oNoLUSET FhoNoJUMPLZ/Y oNPLTFLGZ=-1/
SoNPFILEZ=0 §

PRTMSGC PLOTZ /7 §

LABEL pLE $

$

$ AL TERS FOR KE AND PK METHCDS OF FLUTTER ANALYSIS.

$ .

ALTER 152,153

Fal KHbo BRHoMHHoQHHL oCASECC oF LI ST/F SAVE o KXHH o BXHH ¢ MXHH/

SoNoFLOOP/SoN-TSTART /S, NoNUCEAD 3

EQULY KAHHoPHIH/NOCEAD /U XHH . LLAMA/NGCEAD/
KAHHPHIHL /NOCEAD/BXHHCLAMAL /NOCEAD/
CASECC.CASEYY/NOCEAD $

COND VOR,NUCEAD &

ALTER 156

LABEL YOR &

ENCALTER

$

CEND

4.44
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!RS ADVANCED TURBOPROP FLUTTER ANALYSIS . e
UracaiNaL PAGE 18
BELL/NASA NASTRAN RF 9 AERQD, MCDE S OF POOR QUALITY

i ELADES, 6800 RPM, .70 TUNNEL MACH NO.

ey R e

geary ey ey

Y N e e Ry

F

CARD
COUNT

%

C A SE CONTROL DECK ECHD

$

TITLE = SRS ADVANCED TYURBOPROP FLUTTER ANALYSIS
SUBTEITLE = BELL/NASA NASTRAN RF 9 AERO, FLUTTER
LABEL = 10 BLADES. 6800 RPMo 70 TUNNEL MACH NO,

$

SPC al

METHOD = 1

FMETHOD = i
: |
GUTPUT(XYOUT) ;
$
PLOTTER NASTPLT DoO
XPAPER = 805 1
YPAPER = 11.0
YAXIS = VES

XINTERCEPT = 7046.0 & OPERATING VELOCITY
XTAXES = YES 3
XBAXIS = YES

CURVELINESYMBCL = 6 ?
XDIVISIONS = 10 |
YTOEVISEIONS 10 ‘
YBDIVISIONS 1d
YTGRAD LINES YES

YBGRID LINES = YES i
1
1

uou

XYGRID LINES YE S

KbGRIuv LINES YES !
XKTITLE = VELOCTI TY VSHBAR < IN/SECcoo.HREF YSBAR = 7046 IN/SEC:
YITEITLE = DAMPING &

YBTIYLE = FREQUENMCY 'y HZ -
TCURVE = R=aloold el 0eb0aTobledol abeS516=0 .0 '
XYPLOT o XYPRINT Y6/ LUGoeF) o 21GoF)o 3{GoF)o 4(GoFlo BUGoF)e bﬂGnF
TLURVE = K#0loo2003206600P9b02912508516=36.0

XYPLOT o XYPRINT VYG/ TUGoF)y BIGoF)oe 9(GoF) o L0{GoF)oll(GoF)o12{GoF
TCURVE = Kesloa29nB00600F0Lla201o5¢516=72.0

XYPLUT o XYPRINT Y6/13L0GoF) 0148GoF) ol5(GoF) olOIGoFIodTIGoF)o 18 G,oF
TCURVE = KSeloe20030060490Le20105:516=108.0

AYPLOT o XYPRINT VG/LO9{G o} o200GoF) a2 l{GoF)}o22({6eF) 023G, F3024‘00F1
TCURVE = K=elooZ00300660090Ladolo505!3=144,0

XYPLOT o XYPRINT VG /258G oF) 026 0GoF3 027 GoF)o281GeF)o2916GoF2:30{G,F
TCURVE = K=olpo20030000090kcdolc5,8316=180,0

XYPLOT o XYPRINT VG/3L{GoF) 0320GoF) 033 (GoF} o034 (GoF)o351GoFlo36{GoF
TCURVE = K=oloo20039c600P0luo1e5:¢51G==144,0

LR (O I ||

4.45 :
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gas ADVANCED TURBOPROP FLUTTER ANALYSIS OF POOR QUALITY
ELL/MASA NASTRAN RF 9 AEROD, MUDE S

.

CARD
COUNT
43

%%

45

46

&7

48

49

50

»

0 BLADES, 6800 R.'M, o70 TUNNEL MACH MNO.

ORIGINAL PAGE 13

€ ASE CCNTROL DECK ECHO

XYPLOT oXYPRINT VG /3T4GoF) 0381GoF)o39(GoF) o40(GeFlood{GoFdob2{ GoF
TCURVE = K=oleo2803 00 ?ogel0291959536='10800
XYPLOT XYPRINY ¥G6/434G, D944KGoFﬂp#SﬁGoFDoﬁ&@GoFBoﬁ?ﬂGoFDoQSGGoF
TCURVE =K=0100200300000900a20lcBe3iG=+T2.0 :
RYPLOT o XYPRINT Vbl¢9GGoFﬂ050ﬁGpFBa51ﬂGoFDo52¢GoF3e53559F3o54ﬂGoF+
ICURVE =K=clva20030cbt069vlodslo 50516“'3690 :
XYPLOT +XYPRINT VG/SSGGGF&ogﬁﬁGanab?ﬁGanBJ&{GUF3059GGOF3960(50F&
BEGIN BULK

.

il R e bt D R M St D N S IR s R o N i

!ﬁ\}

< -3

N
b
£}
o
ke
3

B
258
P
i
*
2

4.46
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ORIONNAL PAGE 13
E OF POOR QUALITY
g' INPUT BULK DATA DECK ECHO ?
Q L [ 3 -] 2 L--J 3 [ -] 4 oo 5 a9 6 < 9 ? 20 B (-1 -) 9 oo 10 E-]
% .
E % AERGDYNAMIC DATA FOR FLUTTER ANALYSIS
> $
AERO 0 1.0 2,905 9,763E-8
E FLEACT 1 1.0 :
» FLFACT 2 0.0 36.0 72.0 10800 14%.0 180.0 ~—144.0 +FL21
#FL2L  -108.0 <-72. -36 .
FLFACT 3 210 020 30 o6 09 1o2 105
E FLUTTER 1) KE i 2 3 L 6
MKAERD2 0.0 001 0.0 o3 0.0 o6 0.0 o9
MKAERO2 36. 001 36. o3 36, b 36, 9
E'muasaoz 72, 2000 T2 o3 720 ot 720 .9
* MKAERU2 1C8. - 001 108 o3 108, o6 108, 9
MKAERD2 14%. .001 144 o3 Lé%o b - lb4e 9
E MKAERC2 180. - 001 180, o3 180. b 180, -9 i
. MKAERDZ —l%4o o001 166, o3 -lbbo o6 ~lo%o o9 3
MKAERU2 -1080  o00L ~108c o3 -108, o6 ~108. o9 |
T MKAERUZ "72:: 0001 ""720 o3 "?20 96 -729 09 il
E MKAEROZ "359 nOOl "369 a3 "360 oﬁ "369 og
MKAERD2 0.0 1.2 0.0 1.5 0.0 015
MKAERO2 36. 1o2 36. 1o5 36,0 .15
E MKAEROZ 72. 1.2 T2, . 1.5 72.0 .15 I
MKAEROZ 108. 1.2 118, 1.5 108, o5 8
MKAER(C2 l44. lo2 Lo% o 1.5 144 .15 -
" MKAERO? 180. 1.2 180, 1.° 180. .15 ‘ 2
g; MKAERCI2 'IJQ’QQ 192 -l‘ﬁlﬂ'q 195 -1440 ols
MKAERG2 ~108. 1.2 ~108. 1.5 ~108.  o15
MKAERDZ —?20 102 -?20 Lo5 "729 015 s
E MKAERDZ —-36. 1.2 -36. 1.5 ~36. .15 i
PARAM  IREF 6 g
PARAM  LMODES 6 g
E PARAM  MAXMACH 0.95 :
. PARAM  MINMACH 1.0l
PARAM MTYPE  CGSINE
- PARAM  PRINT  YESB
E STREAMLLY L 134 136 143 145
STREAMLYL 2 113 115 117 119
STREAMLL 3 99 101 103 105
E STREAMLLI & 85 a7 89 91
STREAMLL 5 71 73 75 77
STREAMLL & 57 59 61 63
STREAMLY 7 43 45 47 49

L s

m&

AR LRy

R PR P AR I T
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|
[
[
[
I
T
£
E
j
E
E

l o a
SFREAMLL
STREAML]
STREANMLL
STREAMLZ
+S5TR 1
STREAMLZ
+STR %
STREAMLZ
+STR 6
STREAMLZ
+5TR 8
STREAMLZ
+STR 10
STREAMLZ
+STR 12
STREAMLZ2
+STR 14
STREAML2
+STR 1o
STREAMLZ
+STR 18
STREAMLZ2
+STR 20
ENDDATA

BULK DATA NJT SGRTEOD.XSURT WiLL RE-URDER DECK.

INPUT

2 oo 3 o a
8 29

9 15

0 13

1 4
91520 "'1501599
2 4
$79%0 2,890
3 4
$512. 20.206
4 4
8246, 36,813
5 4
7558, 46.112
6 %
7046, 50.138
7 4
7L39. 50,796
8 4
t41%. 50.323
9 4
74240 51,910
10 &
7820. 50.992

b UL K

& oaa

11.075

13.895
14,946
16,492
L7712
16,167
17.910
19,992
23.516
27.788

ORIGINAL PAGE (8
OF POOR QUALITY

D AT A

5 L)

3.028
3.559
%129
ho2lé
3,542
2,905
2.376
1.937

1.558
1.280

& o

0.278
0.336
0.152
~0.355
~-0.389
-0.367
=0.316
-0.369

=-0.294
-005{91

0D ECK
7 Lo

1.626
2.733
3.818
5.068
5.825
60423
6.915
7.350

7.682
7,913

ECHD
8 oo 9 oo 10
0.6869.763E~8+STR

“07349.7T63E-8+STR

0.7139.763E-8+STR
0.6189.763E~8+STR
0.5679 076 3E~ 8+ STR
0.5289.763E-8+STR
0.5359.763E~ 8¢ STR
0.5569.763E-8+STR

0.5579.763E~-8+5TR
0.5879.7T63E-8¢STR

4.48
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I

° 1
AERQ
CCORD2#R
+C2R1}

CQUAD2
LOUADZ
CQuap2
CQuaDe2
CQUAD2
(QUADZ2
CuUAD2
CQuUAD2
CAuaD2
COUADZ2
LQUAD2
CQUADZ
Cduap2
CQUADZ
CQuAaD2
CQuAD2
CQUAD2
C QuabDz2
CQuAD2
CQuUADZ
CQuaDz
cauanz
CGUADZ
LGUAD2
CRUADR
CQUAD2
CQUADZ
L GUAD 2
LQuAp2
CQuap2
CQuAalp2
CauaL2
CQUAD2
COUADZ
CaUuAD2
CQuUAD2
CQUAD2
COuUAD2
CauaD2

' e R e

lj ,.8 [ t ) A-n} \'.'.a‘ r,-i Eﬁ'—ﬁ ?aﬂ

Qe

S— —— = e ] gt |

3%

0
[s)
o
o

P WMSPWNED e o

L2

ORlIGaAL PAGE 1S
OF POOR QUALITY

SORTED
3 e 4
1.0 2.905
-0
=-0277 0.0
L i
¢ 2
3 3
4 A
5 5
& 6
7 8
8 9
9 10
10 11
i1 12
12 13
13 15
14 16
15 17
17 19
18 20
19 22
20 53
21 24
22 35
23 6
24 27
25 29
26 30
21 31
28 32
29 33
30 34
31 16
32 37
33 38
34 59
35 40
Y &1
37 43
38 44
39 45

oo

%, /163E-8

BULK

Qe

o0

9
10
11
12
13
14
16
17
18
19
20
21
23
24
25
26
27
28
30
31
32
33
34
35
37
38
39
40
41
42
44
45
46
47
48
9
51
52
53

D AT &

o 7
-002??

8
9

10
11
12
13
15
16
17
18
19
20
22
23
24
25
26
27
29
30
31
32
33
34
36
37
38
39
40
&1
43
44
45
46
47
48
50
51
52

ECHO

o0 &

- 9094

o0

<0

4.49
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° 1
Cauade
CcgQuab2
CQuap2
CuuaDe
CauaD2
CUUADZ
cqQuabdz
CQuad2
CQuAD2
CAQuUAD2
CdUAD2
Cguav2
Couab2
CauaDz
couavz
CQuanz
cQuabz
cavapz2
Cauadz
COUAD2
couabd2
CQuADZ2
CQUAD2
cauapz
CQUAD2
CaUAD2
caouab2
cQuaD2
CaUADZ2
Couas2
CuUADZ
CQUADZ2
CQUADZ
CQuaD2
L OUADZ
cguab2
CQUAD2
CQuUAD?2
COUADZ
CQuUADZ
cQuaD2
CQuUAD2

o 2

40
41
42
43
&b
%5
44
&7
48
49
50
51
52
53
54
55
56
57
58
59
00
6l
b2
63
64
65
&6
61
68
69
70
71
12
73
14
5
To
17
78
79
80
81

2

%0
%)

43
b
%5
44
&7
&8
49
50
5t
52
53
5%
55
56
57
58
59
60
61
62
63
o4
b5
6o
67
68
69
70
11
72
73
74
15
76
17
78
19
80
a1

SORTED

3

eQ

%6

47
%8
50
51
52
53
54
55
57
58
29
60
6)
62
64
65
66
67
68
69
71
72
73
T4
15
76
78
79
80
81
82
63
85
86
a7
88
89
90
92
Y3
%

4

BULK

5

ORIGINAL PAGE I8
OF POOR QUALITY

D AT A

6

29

53
54
55
57
58
59
60
61
62
6%
65
56
67
68
69
71
72
73
74
75
76
78
79
80
81
82
83
85
86
87
88
89
90
92
93
94
95
9%
97
99
100
101

7

ECHO.
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l ORIGINAL Pm‘g"g
of POOR QUAL
l SORTED BULK DATA ECHO
-] 1 (-3 2 o < 3 Q0 4 [-3X-] 5 o o 6 a0 7 a9 a [N -] 9 20
CQUAD2 82 82 95 9% 103 102
l CQUAD2 83 83 % 97 104 103
COQUADZ B84 8% 97 98 105 104
COUADZ €5 85 99 100 107 106
l CQUAD2 86 86 100 191 108 107
COUAD2 &7 87 101 102 109 108
CQUADZ 88 88 102 103 110 109
CQUADZ 89 89 103 104 111 110
l CQUADZ 90 90 104 105 112 111
CQUADZ 91 91 106 107 114 113
CQUADZ S2 92 107 108 115 114
l COUAD2 93 93 108 109 116 115
COUAD2 94 9% 109 110 117 116
CUUADZ S5 95 110 111 118 117
CQUAD2 S6 26 111 112 119 118
l CQUADZ S7 97 113 114 121 120
CQUADZ 8 98 11% 115 122 121
COUAD2 99 99 115 116 123 122
! CQUADZ 16O 100 116 117 124 123
COUAD2 101 101 117 118 125 124
COUADZ 102 102 118 119 126 125
l CGUAD2 103 103 120 121 128 127
COUADZ 104 104 121 122 129 128
CQUAD2 105 105 122 123 130 129
CUUAD2 106 106 123 124 131 130
! CQUAD2 1GC7 107 126 125 132 131
cauaDz 1c8 108 125 126 133 132
CQUAL2 169 109 127 128 135 134
' COUAD2 110 110 128 129 136 135
CQuUADZ 121 121 131 132 144 143
CQUAD2 122 122 132 133 145 144
l CQUAD2 123 123 138 139 147 146
COUAD2 124 124 139 140 148 147
CQUAD2 125 125 140 141 149 148
COuAD2Z 126 126 14l 142 150 149
l CQUAD2 127 127 146 167 152 151
CQUAD2 128 128 147 148 153 152
CQUAD2 129 129 148 149 154 153
I COUADZ 130 130 149 150 155 154
CTRIAZ 111 111 129 138 136
CTRIAZ 112 112 129 137 138
l CTRIA2 113 113 129 130 137

4.51
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l ' ORIGINAL PAGE IS
I OF POOR QUALITY

i; SORTED B U LK D AT A ECHO
-] l A= - 2 -1 3 [ - é‘ (- ) 5 aa 6 [ ] 7 (- - 8 a0 9 QQ 10
CTRIA2 114 114 137 130 140
CTRIA2 115 115 138 137 139
CTRIA2 11é& 116 139 137 1%0
CIRIAZ2 117 117 140 130 141
CTRIAZ2 118 Lr8 141 130 142
. CTRIAZ2 119 119 130 131 142
CTRIAZ2 120 120 le2 131 143
CYJOIN 1 , 155
. CYJOIN 2 i 151
EIGR i FEER 5 +E L
+E1 MAX
FLFACT 1 1.0
» FLFACY 2 -0 36.0 712.0 108.0 144.0 180:0 ~1l44.0 +¢FL21
+FL2L -108.0 -72. ~-36.
3.FLFACT 3 210 20 230 Y- 0@ 1.2 1.5
. FLUTTER 1 KE 1 2 3 L [
GRDSET 1 1
- GR1D #*] 2.%19817E+00 1.24%079E 401 G0
E ®GD 1 -2.031032E+00
* GRID w2 2.%5T71F3E+00 1.238143E+01 %G0
# G0 2 ~2.058249E+C0
F GRXD #*3 2.551602E+00 1.225216E401} %GO
» ®¥GD 3 -20114527E+0Q0 '
GRID L T 2:.683628E4+00 1.202870E+G1 #60D
N #GD % -2.1732L3E400
i eRID &5 2.865225E+00 1.172653E+01 %D
#=GD 5 ~2.2160L1E+LO
- GRID L1 . 2.990463E¢00 1.158475E+01 26D
“ #GD 6 -2.2546392E+00
= GRID &7 3.126074E200 1.140011E+401 =G0
* G0 7 -2.206630E4+00
f GRID ¥8 20194T61E+0Q 1.228047E+0) #GD
i #GD 8 =1.843213E+00
GRID %9 2.250464%E+0Q0 1,2L6055E+01 GO
- %GD g -1 876635E+00
é GRID 10 2037T7542E+00 1.206568BE+01 ® GO
" *GD 10 -1.563854E+00
_ GRID 21l 2.5484925€E+00 L,179959E+01 *GO
& *GD 11 —2.027197E+0Q0
= GRIED ®12 2.733165€4+00 L. 15004sL +C1 *GD
*GD 12 -2.066389E+00
> GRID 13 2.832836E+Q0 1.132142E+0) %60

LB ol

bk L -
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*GD
GRID
%GD
GRID
$GD
GRID
*GD
GRID
*GD
GRID
*GD
GRID
¥GD
GRID
*GD
GRID
*G0
GRID
G0
GRID
*GD
GR1D
®GD
GRID
*GD
GRID
*GD
GRID
%GO
GRID
*GD
GRID
*GD
GRED
*GD
GRID
®=GD
GRID
*GD
GRID
*GD
GRI1D

1l

13
*14
14
*15
15
*16
16
®]17
17
%18
18
%19
19
820
20
#21
21
%22
22
#23
23
*24
24
425
25
%26
26
#27
27
%28
28
#29
29
#30
30
#3]
31
*32
32
#33
33
€34

SORTED

2 oo 3

-

-2:069136E¢00 -

-2,097482E+00
-1.66683%4E+00
~1.720535E+00
~lo T445498E400
-1.835006E+00
~1,870254E+00
-1.,882862E+00
=-1.909663E+00
-1..,96830E¢00
-1.420859E+00
-1.491647E+00
-1.576361E+00
-1.640LT1E+QO
=1.643727E+00
=1.652845E+00
~1.141120E+00
=1.161242E+00
-10229293Eﬁ00
~1.340499E+00

-1.383823E+00
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ORIGINAL PAGE 1S
OF POOR QUALITY

B U LK

-5

DATA
cs 6 oa
2 .9964B4E+00
1.964924E+00
2.063783E400
2, 109893E+00
203483176400
205401 35E+00
2.675576E+00
2.839677E+00
1.631763E400
1.673820E400
1.815764E4G0
2.063309E+00
2.302190E+00
2.437845E6400
2.632743E400
1.311218E400
1.360893E+00
1,501914E+Q0
1-786772E400
20047144 E¢00

20.220435€+00

4

e o ow i G P B by bl o e g R e TR RS RSO T

ECHO
co B oo
1.108674E+01
1.211923E+01
1.199233E¢01
1.187122€+01
1.15%853E401
11252916401
1.106813E G 1
1,085337E+01
1.1882056+01
1.1 79605E+01}
1.160683E+01
101242826401
1.087758E+01
1.068182E+01
1.045467E+01
1.164496E+01
1.154351E+0 1
1-131251E401
1.089894E+¢01
1.055134E¢01

1.030633E+Q1

4.53

*GO
*G0
260D
GO
*G0
*GD
*G0D
*GU
*GD
&G0
*GD
#GU
*GD
%GO

#GO

14
15
16}
17)
18]
19
20
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23
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25}
26!
27
28
29]
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w
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%GO
E GRID
*GD
GRID
#GD
E GRID
®GD
GRID
ﬁ #GD
GRID
%GD
H GRID
*GD
GRID
#GD
! GRID
&GD
GRID
E' %GD
GRID
%GD
E GRID
®GD
GRID
*GD
I GR1D
*GD
GRID
I *GO
GR1D
*GD
[ GRID
€GD
GRID
*GD
[ GRIOD
6D
GRID
I %GO
GRI1D
*GD
E GRED

(-}

34
35

*36
36
*37
37
*38
38
%39
3%
%40
40
%4
41
w42
42
¥43
43
T
44
#45

#46
46
*47

*48
48
#69
49
*50
50
*51

%52
52
%53
53
54
54
55

SQRTED

2 o0 3 L -

=1.413691E+00
-1.453387E+00
~8.344505E~01
~8.854066E-01
~9.,357375€E-01
=-1.043262E+00
-1.113802E+00
~1.142701E+00
~1.183993E+00
~5.068682E~01
~5.470380£-01
-0.57620%9E-01
~8.04L450E~01
-8.569880E-01
-8.965883£~01
~9.252617E~01
~1.396792E-01
~2.047331E-01
-3,129540E-01
~5.007564E-01

-5, 847520€-01

BULK

ORIGINAL PAGE 13
OF POOR QUALITY

DAT A
o b -] T

2.%63178E+00
2.178853E~01

9.88178%E-01 -

1.129425E400
1.453193E400
1. 781501E400
1.955276E+00
2.199200E+00
4.878750E-01
5.593370E-01
7.476242E-01
1.137788E+00
1.466719E400
1.670425E400
1.905910E+400
~1.396976E-02
7.0755906~02
2.875357E-01
7.360002E~01
1.1036B0E+00

1.308623E+00

ECHO.

(- a -]

1,012088E 401
1.136436E401
1.123093E +01
1.096814E+01
1,050240€ 401
1,010489E 401
9,860262E400
9.625038E 400
1.099476E+01
1,085660E 401
1.062701E 401
1,008176E¢01
9.623438E400
9,369386E400
91 34694E +00
1,059563E 401
1.046524E001
1.012399E+401
9.570383E400
9.064291E400

8,811122E+00

-]

*G0
*GD
*GD
#GD
#GD
*GD
#GD
*GD
*GD
$GD
%GO
*GO
*GD
*GD
*GD
*GOD
*GD
# GO

*G0

4.54
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* G0
GRID
G0
GRID
% GU
GRID
%50
GRID
¥6D
GRID
*GD
GRID
%GD
GRID
*xGO
GRID
*GD
GRID
*GD
GRID
2GD
GRID
*GD
GRED
*GD
GRID
#GD
GRID
#G60D
GRID
2D
GRID
#G0D
GRID
#GD
GRID
% G0
GRID
G0
GRID
*GD
GR1D

1l

55
*56
56
*57
57
%58
58
%59
59
*60
60
*61
6l
¥62

63
63
*64
6%
®65
65
*60

*67
67
*68
68
%69
69
#70
70
%71
7l
*72
72
*73
73
#74
T4
%75
75
*76

SORTED

2 3] 3 oo
~60.212754E-01

~60411608E-01
1.274626E-01
60474346E-02
-9,011447E-02
-2.848848E-01
~3.864452E-01
~40330833E-01
~4,656390E-01
4o 344531E=01
3.506024E-01
1.900352E-01
~4.811718E-02
-1.965310E-01
~2.687562E~01
~3,480781E-01
6.89564TE-UL
5.941403E-01
€0 148975E-01
1.370639E~01
~6,006306E-02

4

ORicRiual, PAGE 1S
OF POOR QUALITY

B U LK DATA
5 o0 ] o0 7
1.586562E¢00

~4.000301E-01
~3,109443£-01
-4,257504E~02
4.317413E-01
8.400738E-01
1.075119E 400
1.372284E+00
-6.876041E-01
-7.852193E-01
-4,9033996~01
8.824563E-02
5. 76416 TE-01
8.417380E-01
1. 127948E+00
~10340348E+00
-1.211896E+00

-~B8.603878E-0C1

-1.849050E-01

3.419222E~C1
6.469184E-C1

3

CHO

e 8 e
B8.499916E +00
1.022161E+0)
1.00766TE+0L
9.746097E+00
9.132682E+00
B.629044E+00
8.326850E+00
7.998097E +00
9.747480E+00
9.579490E+00
9.20981 7E+00
B.577651E400
8.055484E+00
7.754916E4C0
7.304899E400
9.248205E+00
9.064268E+00
8.684826E+¢00
7.997163E+00
7.404170E4Q0
7.104341E+00

*6GD
*GD
¥ GD
*GD
*GO
*GD
%60
*GD
¥60D
*GD
#G0
=GD
*G0
=G
*GD
6D
*GD
250
G0
%G

*GD
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E

ST T

l -] 1 (-]
*GD 76
I GRID %77
*GD 77
GRID  «78
g *GD 78
GRID  #7%
*GD 79
GRID %80
I ®GD 80
GRID %81
*GD 81
ﬁ GRID %82
#GD 82
GRID %83
*GD 83
ﬁ GRID 84
“GD 84
GRIUD %85
E #GD 85
GRID  #86
*GD 86
g GRID %87
) #GD 87
GRID  #B8
*Gh 88
a GRID  #89
*GO 89
GRID %90
E *¥GD 90
GRID %9}
%GO 9l
E GRID  #92
*GD 92
GRID %93
*#GD 63
l GRID %S4
#GD 94
GRID  #*95%
l #GD 95
GRID  #56
%GD  S6
l GRID 267

) o

SCRTED

2 a o 3 a 0
-1oT762950E-Q1L

=-2.997903€E-01
8.8765116~01
T.867939E-01
5:.662700E~C1
2.401156E-01
~-9.T434320E-03
-1.496038E£-01
-2.552683E-01
1.095234E+00
9.662098E-01
7.037064E-01
2.6903392E-01
9,3175%69E-03
-1.257418E-01
-2.549328E-01
1.159885E+00
1. 004043 E+00
6:963711E-01
2.671809E~-01

-1.361039E-02

4

o
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B ULK
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ORIGINAL FAGE 15
OF POOR QUALITY

DAT A
- 6 [ -] T

P.723798E~01

~1.721028E+00 .

-1.560428E+00
-1.135652E+00
~4.147282E-01
1.852081E-01
5.310093E~01
9.002047E-0L
~-2:.16T7293E400

~1.965024E+00
-1.447637E+0C

~5.651237E-01
1.080579E-01
4.961708E-01
9.450005E-01
~2.501855E400
~2.243557E400
-1.663980E+00
-6,590906E-01
1.295218E-01

5.990804E~01

ECHO
[ -] a - -}

6.7541T5E¢00
8.748784E+00
8.580663E+00
8.151909E+00

7.403061E+00
6.753466E200

6.498033E¢00
65.103165E+00
7.9992124E+00

T.748323E+00
7.370351E+00

6.6T72748E+00

6.12275TE+Q0
5.802341E400
5.499189£+00
6.998549E+00
6.869573E+00
6.498133£400
5.998307E+00

5.4%8876E+00

5.251667€+00

9

%GD
*GD
*GD
*GD
#GD
*GO
*GD
*GD
*GD
*GD
260
*GD
#GO
®GD
#GD
*GD
%GO
#G0
®GD
*GD

¥G0
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)

*GD
GRID
*GD
GRID
% GD
GRED
*GD
GRLD
*GD
GRID
*GD
GRIO
*GD
GRID
*GD
GRID
*GD
GR1D
0
GRID
*GD
GRID
G0
GRID
*GD
GRID
*GO
wR1D
*GD
GRID
*GD
GRID
®GD
GRID
*G
GRID
#GD
GRID
®GD
GRID
*G0
GRID

1

SORTED

oa 2 - ) 3 [-18 - l’
97 -10.359098E-01
“58

98 ~2.679553E~01
%99

99 1.050546E+00
100

160 $.020252E-01
%101

101 6.170529E-01
®102

102 2-.088603E~01
*103

103 ~4,400190E-02
*104%

104 -1.597679E~01
¢1 05

105 ~2.685744E-01
#1C6

106 8.496489E-01
®107

107 7.381414E-01
*¥1C8

108 %o.893306E-01
¥10¢9

109 L1.591752E-01
*110

11C ~6052044%E~02
*111

111 -1.757268E-01
#1l2

112 -=2.T750542E-01
¥113

113 6.919722E~01
114

114 5.999017E-01
#¥115

115 3.658974E-01
%116

116 1.095533E~01
¥117

117 ~8.331943E-02
®118

a9

ORIGINAL PAGE 18
OF POOR QUALITY

B ULK LD ATA

5 o0 6 (-0 -] ?

1.008383E+00
-2.658578E+00
=20:343632E+00
-1.6694927E+Q0
~5,96336%E5-01
1.,954939E-01
602044926E-01
1.050502E+00
-2.496761E+00
~2.194051E+00
-~1.5%43487E+00
~5.069078E~-01
2.%414T709E-01
6.511260E~01
1.101048E+00
-2.273488E¢00
~1.994164E+00
~1.405457E¢00
~4%o LT4645E~-01)
3.215386E-01

T:.212664E-01

ECHO

A

5.000014E +00
5,99 76406400
5.902313E 00
5.6 72649E $00
5.302208E+00
4.999296E €00
4.870965E+00
4 . 750490E +00
49973756400
4.99755TE+00
4+90304 1E 00
447518906400
4.620979E +00
4.550488E+00
4.450042E+00
4+304033E 400
%.303668E+0C
42402983E400
4.351565E400
4.300690E+00

4.250240E+00

GO
*GD

*G0
*GD
sGD
*GD
*G0D
&GD

*GD

*G0
*GD
%GD
%60
*GD
®GD
%G
%GO
*G0
*G0
% G

*GO

4.57
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99 |
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104
105
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109 |
110!
111
112
113
114
115
116
117
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"y [T

=y gy

i18
#3119
119
*120
120
%121
121
®122
122
%123
123
%124
124
#l25
125
%126
126
w12
127
*128
L2
ER
29
130
130
13}
131
132
132
%133
133
%134
134
®135
135
%136
136
®137
137
%138
138
$139

SORTED

2 aa 3 oo
~1.836711E-01L

-2,7380665E-01

5.362222E-01
%o%4T656E-01
20.925791E~01
%.%T0558E-02

=-1.,118595E-01
~2.023238E-01

-2.828727E-01

3.625186E~-01
2.919643E-01
2.111757€E-0L
1.195536E-01

-1.414182¢~01
-2.217990E-01

-“2.995755€-01

20804042E-01
22214295€~01
1.307743E-01

9.034532E-02
7.C35846E-02

~ v‘,::

Ot bnas t
OF POCH 2UNLITY

B ULK D AT A
a 5 o 6 Qo 7
1.151106E+00

-1.996529E+00

-1.7L7033E+00

~1.167562E+00
-2.483512E-01
%.511786E-01
8.409850€E-01
1.290810£+400
=1.608%41E+00
~1.308840E+00
-9.387804€E-01
-8.,885711E-02
5.608683E-01
9.507490€E~01
1.369986E+00
~-1.368847E+Q0
-1,139708E+00
~7.496524E-01
~4.592137E-01
~4:,695653E-01
-2.695652E~01

ECHO

° 8 o

%,249871E+00
3.623911E+00
3.593472E+00C
3.662519E+00

3.751040€E+00

3.800256E400

' 3,799903E4¢00

3,799548E+00
2.873360E+400

20.992764E+400
3.101987E+00

3.300630E+00 .

3.500004E+00
3.499724E+00
3.600738E+00
2.576391E4¢00
2.642426E+00
2.721577E400
3,001000€+00
2.760897E+00
2.,800594E+00

9

*GD
G0
GO
¥GD
*GD
*GD
#GD
*GD
«GO
*6D
*GD
%D
*G0D
®GD
=GD
%GD
* G0
®GD
=G0
%GD
%GD

4.58
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ha WA e PR . LR

ORKINAL FAGE 1S
[ OF POOR QUALITY
" SORTED BULK DATA ECHO
M. L ee 2 oo 3 oo 4 so 5 oo 6 e T oec B8 oo 9 oo 10 .
#GD 139 3,012025E-02
HT GRID 140 3.9530206-0% . 2.830271E+00 #GD 140 |
v %GD 140 -2,015355E-02
GRID  *141 2. 705058E-01 2.980117E 400 ®GD 14}
#GD 141  =5.050298E-02
E GRID %142 %0 705606E~01 3.069980E+00 26D 142
®GD 142 -8.079284E-02
GRID %143 7.906197E-01 3,199841E+00 *GD 143
B- #GD 143 ~1.611942E-0l
* GRID #1446 1-100652E400 3.339638E400 26D 144
%G 144  ~2.316611E-01
g‘ GRID %145 1.475051 E+00 3.454741E¢00 *GO 145
v #GD 145 =2, THOB64E-0L
GRID  *146 ~4,69T902E~01  2.440455E¢00 #GD 146 1
- %GD 146 9. 01 4469E~02 |
E: GRID %147 —2.598651E-01  Z.440315E400 $GD 147 1
$GD 147 4.007889E~02 . ;
_ GRID %148 8.703647E-05 20440156E400 2GD 148 1
Ef *GD 148 =1.476011E-05
s GRID %149 2.700679E-01 2.440040E400  %GD 149
G0 149 —4,009397E-02
E? GRID %150 4. T00607E-01 2.439936E400 #GD 150 |
L o®GD 150 2 —3.013493E-02
GRID %151 -4.700000E-01  2.060000E ¢00 *GD 151
- %GD 151 8.999997E-02
E GRID %152 -2.700000E-01 2 .06G000E+00 #GD 152
T eGD 152 % .000000E-02
GRID  #153 -0 2 .060000E+00 $GD 153
? *GD 153 C.0
- GRID  ¥154 2.700000E-01 2.060000E+00 $GD 154
#GD 154 —~4,000060€-02
= GRID  #155 4.70C000E~01 2.060000E ¢00 &G0 155
E #GD 155 ~B8,997Y9TE-02
MATL i 1.6 E7 .35 20604141
. MKAERO2 o0 1o2 .0 1.5 .0 .15
E MKAERDOZ o0 . 001 o0 o3 0 ob -0 9
MKAERDZ 36. 1.2 36, 1.5 36.0 015
MKAERD2 36. .001 36, o3 360 6 36. oS
i MKAERG2 120 1.2 120 1.5 72.0 o 15
MKAERQ2 72, .C01 720 o3 72. b 72, 9
MKAERGZ 1C8. 102 108, 1.5 108, 15
I MKAERD2 108. .001 108 . o3 108. b 108. o9
4.59
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MR D NI D NG NN G SR e BN R G Gy Gy Guaq B Goen)  Gaky O

o 1

MKAE RQ2
MEKAERD2
MKAEROD2
MKAERDZ
MIKAE RG2
MKAERDZ
MKAERO2
MKAERGZ
MKAERD2
MKAERG2
MKAERC2
MKAEROZ2
PARAM

PARAM

PARAM

PARAM

PARAM

PARANM

PARAM

PARAM

PARAM

PARAM

POQUAD2
PLUAD2
PLUADZ
PYUADZ
PQUADRZ
PuUAD2
PUUAD2
PQUADZ
PQUADZ
PUUADZ2
PUUADZ
PQUADZ
PQUADZ2
PUUAD2
PuUADZ
PUUAD2
PLUADZ
PQUADZ
PLUADZ2
PuUAD2

oa 2
144,
144,
180,
180.
-L08o
=108,
=-1%%,
‘1440
=36,
«360
’720
—?20
CIYPE
IREF
KGGIN
KINDEX
LMODES
MAXKMALH
MINMACH
MTVYPE
NSEGS
PRINT

WO e O8NS e N

SORTED

oo 3 o a &
1.2 Lok o
001 it%o
1.2 180,
- 001 180.
1.2 =108,
- 001 =108,
Loz -llﬂ'lﬂ‘o
2001 -164,
102 -36.
- 001 =36
LoZ _?20
2 001 -T2,
ROT

b

1

0

6

095

1.01

CCSINE

10

YESE

1 -012
X 024
1 2032
1 2036
1 =030
1 «0Lk8
1 <0Lé
i 2028
L <037
i «04%3
A -036
1 <022
1 QL6
1l 032
1 2048
1 «051
1 - 0%2
i 2023
1 -018
1 034

ORIGINAL PRGE I8
OF POOR QUALITY
B ULK D AT A ECHO
aa 5 LX) & LX) 7 L)) 8
1.5 L&%o 15
o3 144, - l4% o
1.5 180, el5
o3 180. B 180,
195 -lOBo - 15
3 —lOBu - -loeo
1.5 =144, <15
) -14%, o -l4%,
1.5 -36o ols
o3 ~“36e b -~36,
105 -720 015
o3 -T2» ob -?20

92
=9

=9

-9

4.60
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[ ‘ ORKBHAL PAGE T
OF POOR QUALITY

SORTED BULK DATA ECHO

L o0 2 o 3 a9 Q O a 5 [~ -} 6 k-0 -] 7 Qo 8 =] 9 [- -] 10

4.61

PQUADZ 21 1 053
[ PQUAD2 22 1 058
PQUAD2 23 1 2046
PQUAD2 24 1 2025
[ PQUAD2 25 1 021
PGUAD2 26 1 2042
PUUAD2 27 1 2061
PGUADZ 28 1 066
[ PUUADZ 29 i 051
PLUADZ 30 1 027
PGQUAD2 31 1 024
[ PQUAD2 32 1 049
PGUAD2 33 i .070
PQUAD2 34 1 073
[ PUUADZ 35 1 057
PQUAD2 36 1 030
PQUAD2 37 1 .028
PUUAD2 38 X .05
E PQUAD2 39 1 .078
PUUADZ 40 i 082
PUUADZ 41 1 065
E POQUAD2 42 1 .035
. PUUAD2 43 1 031
PQUADZ 44 1 061
PUUAD2 45 1 088
[ PQUAD2 46 i .093
PQUADZ 47 1 075
PQUAD2 48 1 039
[ PQUAD2 49 1 038
PUUAD2 50 1 068
PQUADZ 51 1 098
[ PQUAD2 52 1 -103
PUUAD2 53 1 o083
PGUAD2 54 1 046
PUUADZ 55 1 2041
[ PGUAD2 56 1 .076
PQUADZ 57 1 .110
PQUAD2 58 1 118
[ POUAD2 56 1 091
PQUADZ & \ <047
PLUAD2 61 1 043
‘ PQUAD2 62 1 083
!




ORIGINAL FAGE (S
OF POOR QUALITY

SORTED BULK DAY & ECHO

LI )

L l o9 2 < 3 oQ "9 (-] 5 -] 6 (-] T oo 8 o a 9 ao

PQUADZ &3 1 <120
PQUAL2 6% ] o129
» PQUAD2 65 1 -100
PLUAD2 66 1 0% %
PUUAD2 67 1 <045
PLUADZ 68 L .090
PUUAD2 69 1 2135
- PUUADZ 7O 1 .138
E PQUAD2 71 1 2100
POVAD2 22 i -048
PuUADZ 173 1 2053
E PGUAD2 7% 1 2106
PQUAD2 175 1 2152
PQUAL2 76 1 o148
PQUAD2 77 1 .099
E PQUADZ 78 A 044
PaUAD2 79 A 0063
PUUAD2 80 1 ~123
E PQUAD2 8} 1 0171
PulAD2 82 1 o157
PUVUADZ 83 X -099
E PLUUAD2 84 1 0046
h PQUAD2 85 1 2071
PQUAD2 86 1 olé1l
PQUAD2 87 1 «206
E PUUAD2 88 1 o177
PUUADZ 89 1 ol12
PGUAD2 90 1 2048
E PLUAD2 91 1 084
PQUAD2 92 i 2172
PQUAD2 93 1 0232
E PUUAD2 9% i 193
PQUAD2 95 1 .135%
PulUAL2 96 1 062
PUUADZ ST i o119
E PUUADZ S8 1 <206
PQUAD2 99 1 0266
PQUADZ 100 1 0230
E PQUADZ 101 1 o152
PQUALZ 102 1 2071
PWUAD2 103 1 o161
l PQUAD2 1C4 1 0237
II 4.62

)£
!
|
1
]
|
|
|
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ORIGMAL PAGE 1§ ;
OF POOR QUALITY |

rE SORTED BULK DATA ECHO
o L Qo 2 a0 3 o o ‘9 f-N - S (-] 6 o0 ? o9 8 Q90 9 (-] 10 Qé
PQUAD2 105 X 0347 |
i PWUAD2 1Cé \ 2319
PQUAD2 107 1 oL67
PGUAD2 108 ) -075
E PQUAD2 109 i 0222 _ |
. PQUAL2 110 1 o373 |
POUAD2 121 A 0242 ?
PQUAD2 122 1 <089
E PaUAD2 123 1 et
PUUAD2 124 1 -830
PQUADZ 125 1 +830 |
E PQUAD2 126 1 oo 1 |
. PQUADZ 127 i bl
PQUAD2 128 1 <630
" PQUAD2 129 Il 0830
: E PQUAD2 130 i bl
; PTIR{AZ 111 1 o531
t . PTRIAZ2 112 1 0532
E PTRIA2Z 113 1 +396
PTRIAZ 1l i 0 54b
PTRIAZ 115 1 0590
E PTRIA2 116 1 2591
- & PTRIAZ2 117 A o557
; PTRIAZ2 118 1 2519
- e PTRIA2 119 1 .396
E PIRIA2 120 1 Y &i '
) RFORCE 1 0 113,34 1.0 .0 0
;; 5PC1 1 4 1 57
E secl 1 6 7 91 98 134 145
SPC L i 123456 151 THRU 155
STREAML1L 134 136 143 145
g E STREAMLL2 113 115 117 119
:;. STREAMLL3 99 101 103 105
STREAMLL4 8% 87 89 91
A STREA L1S 71 73 75 77
! E STREAMLL® 57 59 b1 63
A STREAMLLT 43 45 47 49
; STREAMLLS 29 31 33 35
1 E STREAML1Y 15 17 19 21
% STREAMLLLC 1 3 5 7
3 STREAMLZ] 4 11,075 30028 0,278 1.626 00,686 9.763E-8+STR 1
g l #STR 1 9152, =-15.899
1
:
1
4.63
3 .
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o 1 ..
STREAMLZ2Z
+STR ')
STREAML: N
+STR 6
STREAMLZ2G
+STR 8
STREAML2S
+8TR 10
STREAML26
+STR L2
STREAMLZT
+85TR 14
STREAMLZS
+S5TR 16
STREAMLZ29
+S5TR 1§
STREANMLZ10
+STR 20
ENODATA

2 ¢ o
&
379%.
4
9512,
&
B2%6.
4
15580
4
1C46.
4
7139,
4
7419,
4%
1424,
4
7830

SORTED

3 .o %
13,895
2.8%20
14,946
20.206
16,492
38.813
17.712
46-112
l6.467
50.138
17910
50.796
12.990
50-,323
23,5106
5L.910
27.788
500,992

BULK DATA
o 5 a0 6 oo 7
3,559 00336 2.733
4.129 0,152 3,818
4,214 =0.355 5.068
3,542 =0.389 5.825
2.905 =0.367 60423
2,376  -0,316 6,915
1937 =0.369 7.350
1,558 —0,294 7,682
1,280 -0.541 7.913

ORIGINAL PAGE (9
OF POOR QUALITY

ECHO

oo B
0.734

0713
0.618
0,567
0.528
0.535
0.556
0.557

0.587

L] 9 LI -]

9.763E-8¢STR
9.763E-8+5TR
9.763E-8¢STR
9.T63E-8¢+5TR
9.763E~8¢+STR
9,763E-8+STR
9.763E~8+5TR
9.763E-8+5TR

9.763E~ B4+ 5TR

4.64
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