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A COMPREHENSIVE ANALYTICAL MODEL OF

ROTORCRAFT AERODYNAMICS AND DYNAMICS

Part III: Program Manual

Wayne Johnson

Ames Research Center
and

Aeromechanics Laboratory
AVRADCOM Research and Technology Laboratories

'SUMMARY

The computer program for a comprehensive analytical model

cf rotorcraft aerodynamics and dynamics is described. This

analysis is designed to calculate rotor performance, loads, and

noise; the helicopter vibration and gust response; the flight

dynamics and handling qualities; and the system aeroelastic stability.

The analysis is a combination of structural, inertial, and

aerodynamic models, that is applicable to a wide range of problems

and a wide class of vehicles. The analysis is intended for use in

the design, testing, and evaluation of rotors an& rotorcraft, and

to be a basis for further development of rotary wing theories.

This report documents the computer program that implements the

analysis.
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1. COMMON BLOCK CONTENTS

This section describes the contents of the common blocks used

by the program. Each description begins with the common block label.

The total length of the block is given in parentheses after the label.

Then all variables in the block are listed, The left-hand column gives

the variable name, and the right-hand column gives the location cf the

variable in the common block. Finally, a description of the variable is

provided (except for variables in blocks with labels of the form xxDATA,

which are input parameters). Only the common blocks for rotor #i are

described; the common blocks for rotor #2 have an identical structure.

U
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!..

TMDATA(182)

FILEID(4) input file identification (alphanumeric date I
and time; BLOCK DATA if innut file is neither
read nor written)

TITLE( 20) 5
CODE 25
ANTYPE(3) 26
OPREAD(10) 29
NPRNTI 39
DEBUG(25) 40
OPUNIT 65
NROPIOh 66
ALT4SL 67
TEMP 68
VKTS 69
VEL 70
VTIP 71
RPM 72
OPGRND 73
HAGL 74
OPENGN 75
AFLAP 76
MPSI 77
DENSE 78
OPDENS 79
COLL 80
LATCYC 81
LNGCYC 82
PEDAL 83
APITCH 84
AROLL 85
ACLIMB 86
AYAW 87
RTURN 88
MPSIR 89
P1 sV 90
ITERM 91
EPMOTN 92
ITERC 93
EPCIRC 94
DOF(54) 95
DOFT(8) 149
LEVEL(2) 157
ITERU 159
ITERR 16o
ITERF 161
NPRNTT 162
NPRNTP 163
NPRNTL 164

-2-



T14DATA

C XTR TM 165
XTRMm 166
CmiTRI 167
C PTR INm 168

*CYTRIM 169
BOTRIM 170
BSTRIM 171
MTRIM 172
MTR IMD 173
DELTA 17LL
F'ACTCR 175
EPTRIM 176
o FCOVT 177
o PTBIM 178
MHARM(2) 179
MHARMF'(2) 181



RlDATA (932)

TITLEC 20) 1
TYPE 21
V TIPN 22
RADIUS 23
SIGMA 24
NBADE 26
GBAMA 26
TDAMPO 27
TDAMPC 211
TDAMPR 29
NUOC 30
NUGS 31
GDAMPC 32
G DAMPS 33
LDAMPC 34
LDAMP14 35
L DAMPR 36
BTIP 37
OPTIP 38
L INIVt 3C)
TWISTh 140
ROTATE 41
OPIRVIB(3) 42
UPUtSLD 45
GS!3(1Q) 46
GST(5 56

ADELAY 61
A MAX NS 65
PSIns(3 36
ALFDS( 3 66
ALFRE(3) 72
CLDSP 75

CMDSP I

6OPYAW 77
OPSTLL 78
cPCrOMP 79
HOT 

q

KHLMDA 511
KFLMDA R2
FXLM DA R3
F'YLMDA 84
FMLMDA 85
FACTWU P6
KINTH 837
K INTF 98

K I N'.rB p9

KINTHT 90
91

-4-



1 I DATA

KINTVT 
92

INF~ow(6) 93

RGMAX 990
NOPB 100
RCPL 101
KFLAP 102
KLAG10
RCPLS 

104

TSPRNG 105

NCCLB 
106
107

HINGE 108
NCOLT 109
KPIN 1ll0
PHIPH 111
PHI Pb 112
RFB 113
RPH 115
XPH 115
ATANKP( 10) 116
DEL3G 126
MBLA DE 127
EPMODE 1 29
MRB 120
MRM 130
MASST 131
X IT 132
EFLAP '133

EIJAG 135
RFA 135
ZAFA 136
X FA 137
WATIN13
FTO 139

Fml ,140

FTR 
141

KTO
KTC 143
KTR 4

CONE 145

DROOP 
146

SWEEP 1 ih7

FDR 0O0P 148

FSWEEP 
149

MRA 150

RAE(31) 151

CHORD( 30) 182

X AC (30) 
212

XA(30) 
242
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RlAT

IVISTA(30) 
272THEMZ(O0 
302MCCRBL( 30 
33MG0RRD(~30) 362

MCORflM(30) 392
MRI 392
RI(51) 423
XI(51)42
XC(51) 474
KP2(51) 525
MASS(51) 576
ITHETA(51) 627
GJ(51) 678

EIZZ(51) 780
TWISTI(51) 831

/ 882
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F WlDATA(126)

FACTNW1

KRW 3
KEW 4

K]F4 5K DW 6

PRU7

FNW 9
DVS 10

DLS 11

CORE(5 12

0OP' ORE( 2) 13
WKMODL( 13) 18

OPNWS( 2) 20

LHW 33
OPHW 35
0 PRTS 36
VELB 37
DPHIB 38

DBV 39
QDEBUG 40

MRG 41

NG (30) 42

MRL 43

NL(30) 73
OPW1KBP(3) 74

KRWG 104

OPRWG 107

FWGT( 2) 108

FWGSI( 2 109

FWGSO( 2 115

KWGSI( 4)5
KWGSO(4) 119

123

{ -7-



KFWG1
OPFWG 2

WGMODL( 2) 4
RIVG(2) 5
COHONG(4) 7
MRVBWG 9
LDMWG 13
NDMWG(36) 14
IPWGfJB(2) 15
QWG DB 51

4DQWG(2) 
53
54



BDDATA 345)

21
WEIGHT 22
lxx 23
IYY 24
INz 25
Ixy 26
Ixz 27
IYZ 28
TRATIO 29
CONFIG 30
ASHAFT( 2) 32
ACANT( 2) 34
ATILT 35
FSB 1 36
BLR 1 37
W~Ll1 38
FSR2 39
BLR 2 40
WLR2 141
FSWB 42
BLWB 43
WLWB 44
FSHT 45

) BUHT 46
WLHT 47

BLVT 48
WLVT 49
FSOFF 50
BLOFF 52
WLOFF 53
FSCG 54
BLCG 55
WLCG 56
HMAST 57
DPS1 21 58
CANTHT 

5CANTVT 59
KOCFE 60
KCCFE 61
KSCFE 62
KPCFE 63
PCOFE 65
PSCFE 66
PPCFE 67
KFOCFE 68
KROCFE 69
KFCCFE
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KRCCFE B DflA TA
SKFS CFE 70
KRSCFE 71
KFPCFE 72
KRPCFE 73
PF'CCFE 74
PRCCFE 75
PFPCFE 76
PRPCFE 77
KFCFE 78
K TOFE 79
KACFE 80
KECFE 81
KBCFE 82

GNTRLZ(11) 83
NE14 8
KPMC1(10) 95
K PMS 1(10) 96
KPMC2( 10) 106
KPMS2( 10) 116
ZETAR1(, 0 126
GAMAR1(3,o' 136
ZETAR2(3,1o t 66
GAMAR2(3 ,1o) 196
QMASS(I1.) 226
QFBEQ( to) 256
QDAMP( 10) 266
Q DAM.PA (10) 276
QCNTIRL(4 4.0) 2R6
DXFSYM(l0) 296

336
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LFTAW 1
IWB 2
LFT]Yd 3
LFTFW 4

DRGVW 6
0DRGIW 7

DRGDW 8
DRGFW 9
AMAXW 10
momow 11
MOMAW 12
MCMDW. 13
MC'MFW 14
SI DEB 15
SIDEP 16
SI DER 1?
ROLLB 18
ROLLP 19
ROLLR 20
ROLLA 2
YAWB 22
YAWP 23
YAWR 24
YAWA 25
LFTAHI 26
LFTEH 27
AMAXH 28
IHV 291

LFTAV 30
AMAXV 31

AMAXV32
I VT 3
FETAIL
LHTAIL 35
HVTAIL 36
C-PTI NT 3?



ENDATA( 22)

ENGPOS1
THRTLC 2
IENG 3
KMIASTI 4
KMAST2 5
KICS 6
KENG 7
KPGOVE 8
KPGO Vi 9
KPGOV2 10
KIGOVE 11
KIGOV1 12
KIGOV2 13
TlGOI*'E 14
TIGOV1 15
TlGOV2 16
MO0VE 17
T2GOV 1 18
'r2GO1 ; 2 19
GSE 20
GSI 21
KEDAMP 22
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.0 LlDATA(239)

MHABNII 1
MHLOAD 2
MALOAD D
MRLOAD 4
RLOAD( 20) 5NPOLAR 25NWdKGNP( 4) 26
MWKGMP 

30
JWKGMP(8) 

31
MHARMN(3) 39
MTIMEN(3) 42
MNC ISE 45RANGE( 10) 46
ELVATN( io) 56
AZMUTH( o) 66
KEATIG 76
SENDUR( 18) 77
CMAT(18) 95EXMAT(18) 113
NPLOT(75) 131
AXS(30) 206

OPNO IS (4) 236
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LA DATA (331)

MVIB1
FSVIB(I0? 2
WLVI:B( 10) 12
BLVIB( 10) 22
ZETAV(3, 10,10) 32



GCDATA( 18)

OPTHAN1
OPGUST(3) 1
VELG 2
PSIG 6
GDIST( 2) ?
GTI14E9
OTIME 10
GMAG( 3 10
CMG(5) 14



IN!

TNDATA(42)

NPRNTT 1
NPR NT? 2
NPRNT, 3
HRSTRT 4~
TMAX 5
TSTEP 6
OPPLOT 7
DIFPIJT( 21) 8
1XOF(7 29
O PS A S 36
KOSAS 37
KSSAS 38

pTCSAS 39
TSSA S 40~
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STDATA( 251)

NFRNTP 
1

1NPRNTL 
2

ITERS 3
( PLMDA4
DELTA 5

M F, (7)6
ccN(16) 13

GUS( ) 29
C PFRW!'(4) 32

KOSAS 
36

KSSAS 3?

TOSAS 38
TSSAS 39
EQTYPrE( 12) 4

NPRNTT 52

ANTYPE(5 53
NSYSAN 58

NSTEP 59
NFtIEQ 60

FREQ( 100) 61

NBPLOT 161

WIMXP(?) 
162

NAMEVP(19) 169

NXPLT18
NVPLT 

189

NDPLT 
190

NFOPLT 191

NFlPLT 
192

MSPLT 1.93
NTPLOT19
PERPLT 1.95
DTPLT 1.96
TMXPLT 197
LGUST( 3?1

M (; U s~ r?3 ) 2 o

NAMEXA( 10) 214
FREQA(10) 22.4
MACC 2254
FSACC 225
BLACC 226
WLACC 227
TSTEP 228
TMA X 229
OPPLOT 2:30
EXOFPLT( 21) 

1
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FLDA ,A(5~66)

OFFLOW
0PSymm 

1OPFDAN 
2

IIPSIpc3
NINTPC
NBLDFL
OPSAS 5
KCSAS6
KSSAS 

8TOSAS9
TSSAS 

10OPMIRS(2) 
12OFPflND 
12KASGE 
15

CON 26) 1
GUS (3) 9DELTA 

122OPRINT 
126N P51CC 
126DALPHA 
128DMACH 
129OPUSLD 
130ANTYPE(4) 
131NSYSAN 
135NSTEP 
136NFREQ 
137FREQ( 100) 
138NBPLOT 
238

NAMEXP( 80) 3NAMEVP(29 
39NXPLT 
348NV PLT 
349NDPLT 
350NFOPLT 
351NF1PLT 
352MSPLT 353NTPLOT 
353PERPLT 
355DTPLT 
356TMXPLT 
357

MGUS T(3 35LGUST(3) 
358NAMEXA( 83) 361FREQA(83) 
34

MACC47
FSACC 

531
530

-18-



FLDATA

BLACO 3
WLACC 533
ZETACC(3, io) 534
NAMEXR(3) 564



A ITABL.(15119)

TITLE1(20) title for airfoil data (80 characters) 1

IDENT(4) identification (alphanumeric date and tire) 21
NIAX nNa *nNm *Nr25

angle of attack boundaries

NAB Na 26
NA(20 nk , k = 1 oNa
A(20) 0'k (deg), k = 1 to Na 4z7

Mach number boundaries
NMB Nm 6?
NM(20) nk , k = i to Nm 6R
M(20) Mk, k = 1 to Nm 88

radial stations
NRB Nr 108
R(11) rk, k = 1 to Nr+l 109

airfoil characteristics

CLT(5000) c j, j = 1 to N AX 120

CDT(5000) Cdj, j = 1 +o NMAX 5120

CMT(5000) Cmj, j = 1 to NAX 10120

-20-



CASECM(9)

RESTRT restart code: 1 for trim, 2 for flutter, 1
3 for flight dynamics, 4 for transient

JCASE case number 2

TASK task code: 1 for trim, 2 for flutter, 3
3 for flight dynamics, 4 for transient

JOB 4
RSWRT 5
NCASES 6
BLKDAT 7
RDFILE 8
START 9

~-21-



UNITNO(11)
NF DAT

NFA F1 2
NFAF23
NFRS4
NFEIG5

NFSCR 6
NUDB?
NUQUT
NUPP
NULIN 

9

NUIN 
10

-22-



TRIMCM(1604)

IDENT(4) identification code for case and restart 1
file (alphanumeric date and time)

DRATIO density ratio, 3/se 5

DENSE air density S 6

CSOUND speed of sound 7

ALTD density altitude 8

GRAV gravity, g/9L22R 9

CXTARG target CX/- for trim 10

OPRTR2 integer parameter: 0 to skip rotor #2 11
calculations

DPSI 'NiP (rad) 12

COUNTT integer parameter: number of trim iterations 13

FSCALE -- (reference rotor) 14
RSCALE R 15
NSCALE N 16
ISCALE Ib 17
GSCALE 18
SSCALE 19
CSCALE cm 20

COSPSI(36) cos k'j, j = I to MPSI 21
3

SINPSI(36) sin)., j = I to MPSI 57
KEPSI(2.,36) complex parameter: (K /j)ein J 93

cml p to MPSI, n = I to max(MHARM,MHARMF*NBLADE)

-23-



RTB1CM(1070)

OMEGA rotor speed £- (rad/sec) 1

MTIP tip Mach number f£R/c s  2

GAMMA Lock number ' 3

CMEAN mean chord cm  4

IB characteristic inertia I b  5

NBM number of bending modes 6

NTM number of torsion modes 7

NGM zero if no gimbal or teeter mode 8

NBMT number of mean bending deflection modes 9

GLAG glag 10

MLD MLD/Ib rZ 11

DZLD XD/ 12

CGC CGC = CGcINIb a (or C.> C I/2bfl) 13

CGS CS = CGs/INIb . 14

NUGC (  r > 15

NUGS 4GS 16

CTO collective control damping C, /Ibc l  17

CTC cyclic control damping C. /Ibi2 18

CTR rotating control damping C ,/Ibf'. 19

RA(30) aerodynamic radial stations, ri, i 1 to MRA 20

DRA(30) aerodynamic segment length ,Nri f i = I to MRA 50

FTIP(30) tip loss multiplicative factor f,, i 1 to MRA 80

PS121M l (rad), 0. for rotor #1 (for BODYM, 110
MOTA~, WAKEN. IFNGNM.)

PSI2W 1 (rad), -i h 2 1 for rotor #2 (for 11iWAKEd 1 WAKEC)

MUX /1x 112

MUY A 13

MUZ 114

RGUST(3,3) R G 115

CHUB(6,16) c 124

CBHUB(3,3) F (including factor El /Q) 220

CHUBT(16,6) cT -2-229



RTIRICM
ALFHP 'P (deg) 325
PSIHP 1HP (deg) 326
MAT Mat  32?
CD(2) CD for drive train H- 328
CPSI(2) CP for drive train motion 330burst tip vortex in wake model
PINTER(36) inter (rad) at 'j, j = I to MPSI 332
PBURST(36) 'b (rad) at iP, j 1 to MPSI 368

+b 36B
inertial and structural data at
r = e + (j-l)Ar, j = I to MRB+1

EIXXB(51) a / i 404
EIZZB(51) SCL 2R4/EIx 4zz 5
MASSB(51) m 506TWISTB(51) a (rad) 557

CENT(51) m1r 3 d 608
inertial and structural data at
r = rFA + (j-l)&r, j 1I to MRB+1

ITHET(51) i 659
GJB(51) XR4 GJ 710

inertial data at
r (j-I)A6r, j = 1 to MRM+1

MASSI(51) mR'/lb 761
ITHETI(51) IR/Ib 812
XII(51) xi/R 863
XcI(51) xC/R 914
TWISTI(51) { (rad) 965
KP21(51) kp/ R 1016
IPITCH blade pitch inertia (slug-ft2 or kg-m2 ) 1067

control system stiffness Y%
(ft-lb/rad or m-N/rad)

KTO collective 1068KTC cyclic 1069
KTR reactionless 1070

-25-



RHICM(12792)

HRTR(16,16,21) complex rotor transfer function matrix, H-1
size NBM+NTM+NGM; n = 0 to MHARM n

HBODY(16,6,10) complex airframe transfer function matrix, 10753

Hn1cT ei n &, ; n = pNI2/Qef , p = 1 to
MHARMF

HENG(6, 10) complex drive train transfer function matrix, 12673
-1 C einYnHn D;n=pN2/Sreplto

MHARMF

-

C -26-



BODYCM(446)

AMODE1(6,16) ('k' k at rotor #1 hub (dimensionless) 1

AMODE2(6,16) I.k' dk ) at rotor #2 hub (dimensionless) 61

pitch/mast-bending coupling (dimensionless)
KMSTC1(10) KMCk for rotor #1 121

KMSTS1(10) KMSk for rotor #1 131

KMSTC2(10) KMCk for rotor #2 141

KMSTS2(10) KMSk for rotor #2 151

ADAMPA(10) aerodynamic damping (2 /v-aA)(q/V)Fqkik 161

ACNTRL(4,10) control derivatives (2'/v--aA) q FqkS 171

AMASS(1O) * 211

ADAMS(10) M * gsk 221

ASPRNG(10) Mk '* k 231

MSTAR M 241

MSTARG M g 242

ISTAR(3,3) 1* 243

CWS Cw/v- = (a/2 ) M*g 252

HMASS aircraft mass (slug or kg) 253

NAM number of airframe modes 254

aircraft description ( 0T = O)

RSFIO(3,3) RSF for rotor #1 255

RSF20(3,3) RSF for rotor 4"2 264

RHO1O(3)r at rotor #1 hub 273

nuR2003) r at rotor #2 hub 276

RWBO(3) % at wing/body 279

RHTO(3) r at horizontal tail 282

RVTO(3) r at vertical tail 285

ROFFO(3r off rotor 288

-27-
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BODYOM
aircraft description

RSP1(3,3) RSF for rotor #1 291

RSF2(3,3) RSF for rotor #2 300

RMUI(3)r at rotor #1 hub 309
RMM2(3) r at rotor #2 hub 312
RWB(3) r at wing/body 315

r at horizontal tail 318
r at vertical tail 321RoV(3)32

ROFF(3) off rotor 324

TCFE(11,5) TCFE 327

VXR-KF(3) (Vx) R ' 382e kF38

MVXRE(3,3) -M* (tx) Re  385

GMTRX(3,3) G 394

IBODY(3,3) RTI 403e e

REULER(3,3) R 412e

RFV(3,3) RFV 421

RFE(3,3) RFE 430

KE(3) k& 439

VELF(3) V 442

VCLIMB Vclimb 445

... side 446
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ENGNCM(131)

QTHRTL rEQt  1

IENG r 2 1 2rE E
KMII KMI1  3
KMI2 KM 2 * 4

KMR KMR 5

KME1 K * 6
KME2 KE 2  7

governor proportional gains, Kp *&-
KPGOVE engine 8
KPGOV1 rotor #1 9
KPGOV2 rotor #2 10

NDM number of drive train modes 11

governor time lag, -r-*i-Z
TIGOVE engine 12
TiGOVI rotor #1 13
T1GOV2 rotor #2 14

governor time lag, 2
T2OVE engine 15
T2GOV1 rotor #1 16
T2GOV2 -cotor #2 17

QEDAMP r2 QX 18

IRSTAR 1R* 19

MENG(6,6) mass matrix for Hn 20

SENG(6,6) spring matrix for H n 56

DENG(6,6) damping matrix for H -92

HENGO(2,2) H0  for static elastic motion 128

-29-



GUSTCM(12989)

gust components, velocity axes

VGWBV(3) at wing/body, g I

VGHTV(3) at horizontal tail, 4

VGVTV(3) at vertical tail, gV 7

vGR1V(3,30,36) at rotor #1, r ) 10

VGR2V(3,30,36) at rotor #2, g(ri, sj) 3250

VGHUBI(3) at rotor #1 hub, g (for wake geometry) 6490

VGHUB2(3) at rotor #2 hub, ' (for wake geometry) 6493

gust components, F axes

VGWBF(3) at wing/body, -g 6496

VGHTF(3) at horizontal tail, 6499

VGVTF(3) at vertical tail, gV 6502

gust components, S axes

VGRIS(3,30,36) at rotor #1, j(r i , 4j) 6505

VGR2S(3,30,36) at rotor #2, '(ri, W ) 9745

transient control

VPTRAN(5) 4v (6 0  c is p 9t)T 12985

-30-

.... <



CONTCM( 32)

VCNTRL(11) control vector (rad): T 1

rotor#I rotor#2 airframe

THEMF cFT (rad) 12

PHIFT F"(rad) 1

THETFP 6~(rad) 1

PSIFP 'i (rad) 15

THETAT GT (rad) 16

PSIT IPT (rad) 17

DvBoDY(6) airframe motion (dimensionless) 18

DOMEGA ISYV (static; dimensionless) 24~

DDZF Z F (dimension.Less) 25

VPILOT(5) pilot control vector (rad): 26

TGOR1govr~rotor#1f (rad) 31

TGOVR2 (.&egovr rotor#2 (rad) 3



CONVCM(80)

mean square motion (rotor #1)

B1MS(10) 1

TIMS(5) e 11

BGIMS j , 16

PIMS(16) 4 17
PS1MS(6) + 33

mean square motion (rotor #2)

B2MS(IO) 3 39
T2-MS(5) 149
BG2MS 54
P2MS(16) 4 55
Ps2s(6) 71

GIMS mean square circulation (rotor #1) 77

G2MS mean square circulation (rotor #2) 78

COUNTM integer parameter: number of motion iterations 79

COUNTC integer parameter: number of circulation 80
iterations
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MDICM(6773)

T750LD old e5 (initialized to 1000.) 1

NBMOLD old NBM (initialized to 0) 2

NTMOLD old NTM (initialized to 0) 3

NU(20) bending frequency )', i = 1 to NCOLB (per rev) 4

NUNR(20) norrotating bending frequency )NRi ,  24
i = 1 to NCOLB (rad/sec)
bending mode displacement i I to NBM,

at radial station r -

ETA(2,10) rFA 44

ETA(2,10) rPB 64

ETA(2,10) rROOT 84

ETA(2,10) 1 104

ETA(2,10,11) (j-1)0.1, j = I to 11 124

ETA(2,10,51) (j-)A~r, j = 1 to MRM+1 344

ETA(2,10,30) r j, = 1 to MRA 1364

bending mode slope i = 1 to NBM, at radial
station r

ETAP(2,10) rFA i964

ETAP(2,10) rPB 1984

ETAP(2,10) rROOT 2004

ETAP(2,10) 1 2024

ETAP(2,10,11) (j-1)0.l, j = I to 11 2044

ETAP(2,10,51) (j-1) Ar, j = I to MRM+1 2264

ETAP(?10, 30) r f i = 1 to MRA 3284

bending mode curvature i I to NBM,
at radial station r -

ETAPP(2,1() rFA 3884

ETAPP(2,10) rB 3904

ETAPP(2,10) rROOT 3924

ETAPP(2,10) 1 3944

ETAPP(2,10,11) (j-l)0.1, j = 1 to i1 3964

ETAPP(2,10,51) (j-1)tr, j = 1 to MRM+I 4184

ETAPP(2,10,30) ri, j I to MRA 5204
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MD1CMEIAPH(2,10) bonding mode slope at hinge, (e) 5804WT(1I) torsion frequency wi, i = I to NCOLT+I 5824
(per cev)

control system frequency (per rev)WTO col lective 53WTCcyclic 
5836WTR reactionless 
5837

torsion mode displacement 'ir i = 1 to NM,

at radial station r =

ZETA(5,1)(j-)O.1, j = I to II 5838ZETA(5,51) (j-)Ar, j = I to MRM+l 583
ZETA(5,30) j 1 to RA 6148

torsion mode slope I to NTM, at radialstation 
r

ZETAP(5,l) (j-)01, j = I to 11 6298
ZETAP(5,51) (j-l)A&r, i= 1 to MRM+l 6353ZFTAP(5,30) r., I 1 to MRA 

6608K13(iO) pitch/bending coupling Kpi, J I to NBM 6758KPG Pitch/gimbal coupling KpG 
6768DELI &4 A, (rad) 
6769DEL2 SFA (rad) 
6770DEL3 FA (rai) 
6771DEL4 SFA 3 (rad) 
6772DEL5 (rad) 
6773&FA 6773

-34-
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WKVlCM(8165)

CTOLD old C, 1
1

CMXOLD old CMx 2

CMYOLD old CMy 3

GAMOLD(30,36) old (i = 1 to MRA, j 1 to MPSI) 4

CRCOLD(36) old max S' (j = 1 to MPSI) 1084

VIND(3,30,36) \(rij) (i = I to MRA, j 1 1 to MPSI) 1120

LAMBDA mean ' tpp 4360

FGE fGE = v/v, = 1- (cose/4z)2 (I. if OGE) 4361

COSE cosc 4362

7AGL ZAGL 4363
Y'INT(3,30,36) int(ri, kj) (i = I to MRA, j = 1 to MPSI) 4364

at other rotor

VORH(3,36) int C P.) (j = 1 to MPSI), at other rotor hub 7604

LAMBDI mean n at other rotor 7712

VWB(3,36) \w( 4) (j = I to MPSI), at wing/body 7713

VHT(3,36) (j = 1 to MPSI), at horizontal tail 7821

VVT(3,36) vV(Ap) (j = 1 to MPSI), at vertical tail 7929

VOFF(3,36) 0 (&pj) (j = 1 to MPSI), off rotor disk 3037

LAMBDW(3) mean \W, at wing/body B145

LAMBDH(3) mean H at horizontal tail 3148

LAMBDV(3) mean \V, at vertical tail 3151

LAMBD(3) mean ',, off rotor disk 3154

... W WS '.ref t-15?

EINTH(3) eH = KHCHRSF (-kS)(ELR)/(SR)ref 8160

EINTV(3) V V v SF 8163
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INC1CM(4365)

MB Inertia coefficients 1
SB 2

K'10 3
IQ(lO) 14
SQ(2,1O) 134
IQA(2,1O) 

3

514

IQDP(11 4 
5514

IQDP(10) 
564

IQDB(10) 
604

IQDBT(10,4) 
6114

SQDDP( 10,5) 
6514

SQDDPT(10,5,4) 
7014

SQP( 10, 5) 9514
SQPr( 10,5,14) 9154
IQO( 10) 1154
IQ,0DQ(2,lC) 11614
IQ01DT( 2,10,14)184
IQODP 

1264

IQODPT( 4) 
1265

IQOUB1269
IQODBT(4 1270
SQODD(2,)124
SQODDT(2,5,) 

1284

IFXO 
1324

IMXO 
1325

IP(5) 
1326

IPA(2,5) 
1331

IPAT(2,5g4) 
13141

sP(2,s)1381
Sv(2,5) 1391

TpflDP(c; ,5) 1431
IPDDPT(5,5,t4) 1456
IPDDTT(5,5,4,4) 1556

SPDD(,0) 
1986

SPDDT(5,10,4) 
2031
2231

sP~/,ON 2236
SPQ(5,10) 2286

XAPQ(2,5,4,30) Xkj at ri, i =1to MRA 28

MQDQ(10,10) Aerodynamic spring and damping 3686

IMQDB( 10) 
3786

MU 10,5) 
39

MD)Q jO) 
3846

14DB 
3856

MP(5) 
3857
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INClCM

QDZ 3862
QT 3863

MPDQ(5, 10) 3864
MPDB3(5) 3914
MPDP( 5,5) 3919
MPP(5,5) 3944
IQDQS(10,10) Inertia coefficients, summed over qj3969
IQDPIS( 10) 4069
IQDBS( 10) 4079
SQDDIPS(10,5) 4089
SQPS (10,5) 4139
IQODQS(2,10) 4189
IQODPS 4209
IQODBS 4210
SQODDS(2,5) 4211
IPAS( 2,5) 4J221
SPS(2,5) 4231
I PDDPS (5,5) 4241
SPDDQS(5,10) 4266
SPQS (5,10) 4316

(NB14=1o, NTM=5, NBMT-4, MRA=30)
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WKV1cM(816 !
CTOLD old CT  1

CMXOLD old CMx 
2

CMYOLD old CMy 3
GAMOLD(30,36) old Vij (i -1 to MRA, j 1 to MPSI) 4
CRCOLD(36) old max r. (j = 1 to MPSI) 1084

VIND(3,30,36) \(ritVj) (i = 1 to MRA, j 1 to MPSI) 1120
LAMBDA mean 4tpp 4360
FGEGE = v/v, I 1- (cosE/4z) 2 (1. if OGE) 4361
COSE cosO 

4362
ZAGL ZAGL 

4363
VINT(3,30,36) \in(r!, P.) (i = I to MRA, j = 1 to MPSI) 4364

at other rotor
VORH(3,36) \int(U p j ) (j = 1 to MPSI), at other rotor hub 7604
LAMBDI mean i at other rotor 7712
VWB(3,36) IW(ij) (j 1 to MPSI), at wing/body 7713
VHT(3,36) H (P.) (i = I to MPSI), at horizontal tail 7821
VVT(3,36) V(Aj) ( = I to MPSI), at vertical tail 7929
VOFF(3,36) 

0 (&Pj) (j = I to MPSI), off rotor disk 8037
LAMBDW(3) mean ,W, at wing/body 5145
LAMBDH(3) mean H' at horizontal tail 8148
LAMBDV(3) mean V at vertical tail 3151
LAMBDO(3) mean \... off rotor disk 3154

EINTW(3) = R ( )(ER/(JJrf 8157
EINTH(3) eH = KHC R S F (-kS)(I*IR)/(S-ZR)ref 8160
EINTV(3) e = KvCv RT (-kS)(S R )/( 't)ref 8163
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MNICM(46)

LALF(10,6) complex 6<pN (P' 1 to MHARMF), without Euler 1

angle contributions

[DALF(10,6) complex 'c~epN (P = 1 to MHARMF) 121

DDALF(10,6) complex 0*'pN (P =1to MHARMF) 241

IPQTS(IO) complex "P~pN (P= 1 to MH-ARMF) 361

TORI)cmlx govr pN (P = 1 to MHARMF) 381IITMAST(21) complex (Aemast-bend~n (n =1 to MHARM) 401[ALFO(6) -static 443

DDALO(6) 0449

DDALFO(6) A:static45

[1Psiso ('"Pd)static 461

DPSISO (q> s)sa 462

r=(h Yh 'h'x' 'zT

I-38



AESlCM(36720)

STATE(30,36,3) integer parameter defining stall state for
lift, drag, moment (initialized to zero)

peak dynamic stall vortex loads (initialized
to zero)

DCLMAX(30,36) Ckmax 3241

DCDMAX(30,36) Cdmax 4321

DCMMAX(30,36) Cmmax 5401

effective environment for lift, drag, moment
MEFF()0,36,3) Mach number Meff 6481

AEFF(30,36,3) angle of attack oeff 9721

dynamic stall vortex loadDOLDS(30,36) Cads 12961
DCDDS(30,36) cdds 14041
DCMDS(30,36) cmds 15121

SAVE(30,36,19) section aerodynamic data 16201
(1) up (11) c

(2) u T  (12) cd

(3) uR (13) cm

(4) U (14) cdradial

(5) e (deg) (15) F/acm

(6) 4 (deg) (16) F/acm

(7) o< (deg) (17) Fz/acm

(8) M (18) M /ac

(9) cosA (9) F V/ac

(10) '<c/V

aerodynamic data at (ri, on disk,
i = 1 to MRA, j = 1 to MPS o
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MNR1CM(1112)

BETA(21,1O) complex ( (i = 1 to NBM, n = 0 to MHARM) 1

THETA(21,5) complex ( = 1 to NTM, n = 0 to MHARM) 421
n

BETAG(21) complex Nn (n = 0 to MHARM) 631

PHI(1O,16) complex ( to NAM, p = I to MHARMF) 673

PSID(10,6) complex (4 3  4, 4 6t 4 g1  46g 2 )pN 993

(p = 1 to MHARMF)

-40-
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MNSCM( 12)

QSSTAT(IO) (qksai (k 7 to NAM)1

elastic[ITT(PIsai
elastic

PESTAT Y9 e~static 12

elastic



AEFlCM(1548)

FORCE(16,36) (F ast rev, 1 to MSI

(dimension NBM+NTM+NGM)

FHUB(6,36) hub reactions (without rotor mass terms) 577
F = (Z2CH/-a, 62Cy/q-a, '2C,va,

a2Cls ,/q-a, 6'2CM/v--a, -2CQ/v-a)

TORQUE(36) 'CQ/-a 793

SAVE(36,20) integrated aerodynamic forces 829
(I)-(I0) Mqkae.ro/aO

(1)(15) Mpkaero/ac

(16) Cmx/v-a

(17) Cmz ,- a
(18) Cfx /-a

(19) Cfz/0-a

(20) Cf /o-a
r
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QRlCM(1139)

QRTR(6) rotor generalized force, Q c TF 1
FHUBM(6) mean hub reaction 7

F - ( 2CH/--a, V2CY/V-a, 2C? /-a,

)2CM X/v-a, 62CM/qr-a, - Q va)

for trim
CLS CL/q" (wind axes) 13
CXS Cx/q- (wind axes) 14. CTS Cv-- 15
CYs CY/7- 16
CPS Cp/v- 17

for inflow
CT CT 18
CMX CM 19
CMY CMy 20

y
for trimBETAO f0 21

BETAC c 22
BETAS Ps 23

for inflow
GAM(30,36) circulation Pij (i = 1 to MRA, j = 1 to MTI) 24
CIRC(36) maximum circulation ' (j -- to MPSI) 1104

-.43.
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QB(6) wing-body generalized forces 1

QIIT(6) horizontal tail generalized forces 7

QVT(6) vertical tail generalized forces 13

SAVE(31) airframe aerodynamic data 2 219
(1) (D/q)wB  ft or m

(2) (Y/q) WB

(3) (L/q) I
VBr3 3(4) (M /q)w ft or mn

(5) (M/q)WB
(6) (1,z/q),,

(7) (D/q)n ft2 or 2(R%) (L/q) HT

(Q) (D/q) VT
(10) (L/q)VT  I

(it) -< , deg

(12) WB

(13) HT
(14) 0VT

(15) E
(16) q-

(1?-19) "TWB ft/sec or m/sec
(20-22) -1HT
(23-25) VVT

(26-28) rad/sec

(29) qWB dimensio nless
C (30) qHTi

(31) qVT

-44-
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WGICM~(?998)

RBR(3,36) rb(rROT, '4) 1

RB'T(3,36) *rb(1, Y.) 1og

MIUTFP(3) tp 217

prescribed wake, tip vortices

D'ZT(144) Dz(k), k = I to KRWG 220

DRT(14) D(k), k = 1 to KRWG

K2T K, 509,

prescribed wake, sheet inside edge

DZSI(ia4) Dz(k), k = 1 to KRWG 509

DRSI(1L4) Dr(k), k = 1 to KRWG 653

K2SI K2  ?Q7

prescribed wake, sheet outside edge
]YZS(14) D(k), k 1 1 to KRWG 799

DRSC(144) Dr(k), k-- 1 to KRWG 942

K2SO K, 1o6

free wake, tip vortices
DF'WG(3,2304) D(n), n = 1 to KWG*IIPSI lO?

n - 1)KFWG+k

((k = 1 to KFWG), I= 1 to MITSI)

-45-
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WKC1CI ( 12000?)

MR total number of points in flow field at which 1
nonuniform induced velocity calculated for
each azimuth (rL+MI +Wt-MH1V+HO)

ML number of points on this rotor 2
(MRL if INFLOW(1) = 1; zero otherwise)

MI number of points on other rotor 3
(MRL of other rotor if INFLCW(2) = 3;
1 if INFLCW(2) = 2; zero otherwise)

MW number of points on wing-body

(1 if INFLOW(3) = 2; zero otherwise)

MH number of points on horizontal tail 5
(1 if INFLOW(4) = 2; zero otherwise)

M% number of points on vertical tail 6
(I if INi-LCW(5) = 2; zero otherwise)

NO number of points off rotor disk 7
(1 if :NFL(W(6)= 1; zero otherwise)

C(3,20000) C(n), n = 1 to MPSI*IM*MPSI 8

CNW(3,20000) CNW(nw)N n. = 1 to MPG*(KNW+1)*0ML*1PSI 60008

v~k,~. = .. C(n) + ~ '~ ~ n~j)

n ((k - 1) xM + k- 1)*MPSI + j

I(~= +,.PqT~ 1,= i +n~ NIP I -r to

n,- )*MRL + k- 1)*(KNW+1) + j- + KNW)*MRG + i

((((i= to MRG), j KNW to ),
k = 1to MRL), A 1 to MPSI)
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AEMNC1M(78)

Q(10) qk k=1 to NBMN 1

DDQ(1O) *k21

P(5) pk 1 to NUh (p0  Pd + r 31
oDP(5) k36

DDP( 5) Yk41

PD pd46

DPD 47

DDPDPd4

p R, P-49

DMPr 50

D DPR 51
BG 5r

BG 52

DIPS 54

AI{UB(6) c"( Yh zh c"x- w 55
(without Euler angle contributions to oe x cc ) e

T)AH1IB( 6) h= h h C ; xCy ) 61

DDA HUB(6) CA Yh h -< &Y ) 67
PS %P 73
DPS I 74

DDPS Zs7

Thast-bend
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LDMNCM(2932)

SAVEM(36,78) motion at I = to MPSI
(refer to common block AEMNCM for contents)

MB inertial coefficients for section loads 2q09
SB 

2R10ID 
2811SQ(2,10) 
2R12IQD (2,10) 
2832IQDQ(2, 10) 
2852IQDB 
2872IQDP(2) 
2873SQDDP(2,5) 
2875SQP(2,5) 
2885

IFXO 2895
IMX0( 2) 

2896IPDDP(5) 
2898IPP(5) 
2903IPA(2) 
2908SPDDQ(10) 
2910SPQ(10) 
2920SP(2) 
2930IPO 293 2
2932

[

i ,. -48-



FLMCM(21928)

A2(04O0 1
A1(6400) 6401
AO(6400) 12801
B(2320) 19201
DFI(80) 21521

NAMEX(80) 21601
,NAMEV(29 )21681
MX 21710
t;M/ 21711
MV 21712

21713

o- D iS(46) symmetric matrices 21714
NAME3S(46 21760
NAIMEVJS(16) 21806

21822
MXIS 21823
MYS 21824
MGS 21S25

)( , 1 A( L3) antisymmetric matrices 21826
(' ) ,.21869

NAME',A(13) 21912
M .A 21925
M.,,1A 21926
MIrA 21927
4GA 21928

variables (80)

('R1 xR2 'S te t  govrl &govrp )

controls (29)

v (vRl vR2 vs t Vpg)

,4,9



FLICM(4236)

A2(30,30) A2  1

A1(30,30) A1  901

AO(30,30) A0  1801

AA2(30,6) 2 2701

AA1(30,6) T 2881

AAO(30,6) TO 3061
B(30,8) B 3241

BG(30,3) BG 34R1
C2(6,30) C2  3571

C1(6,30) C1  3751

C0(6,30) C0  3931

CA2(6,6) C 2  4111
CAi(6,6) C 4147

CAO(6,6) 4183

DG(6,3) D 4219

variables (33): xR

controls (8): vR

gust(3): g

hub motion (6):

hub forces (6): F
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FLMACM(912)

A2(16,16) a2  1

AI(16,16) a1  257

A0(16,16) a0  513

B(16,4) b 769

BG(16,3) b 833

BL(16,2) b 881

variables (16): xS

controls (4): vS

gust (3): g

inflow,(2): (, , -

.... 51-



FLINCM(477)

MASSB1

IQ(lO) 2
SQ( 10,2) 3
IQA(10,2) 13

VIQDP(10) 53r IQDB( 10) 153
VSQDDP(J 5o~) 163

Soy( 10,5) 173
IQ0IQ( 10,2) 223
SQOuDP(5, 2) 273

FIP(5) 293LIPA(5,2) 303
SP(5,2) 308
IPDDP(5,5) 318
.IPP(5 ,5) 328

SPDDQ(5, 10) 353
SPQ(5, 10) 378

428
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FLAECM( 646)

MQU( jo) 1
MQD, ' I r) 11
MQZ( 10 21
MQL(1Q) 31
MQDB(10) 41

MQ13(10)51
MQDQ(t0,10) 61
MQQ(10,10) 161
MQP(10,5) 261
MMU 311
MDZ 312
MZ 313
ML 314
M DB 315
MB 316
MDm(10) 317
MQ(10) 327
NP(5) 337
TU 342
TZ 343
TZ 344
TL 345
TUB 346

TDQ(10) 347
TQ(10) 348
TP( 5) 368

HZ 375
HL 376

HUB 377
HB 378
HDO_(10) 379.~
fHq(10) 389

QU40
QDZ 405
QL 406
QUB 407
QB 408
QDB10 409

QN(10)410
QQ(10) 420
QP( 5) 430

RR 435
RUZ 436
RZ 437RZ 438
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FLAECM

R L 439
R DB 440

441
RDQ(1O)442

RQ(10) 452
RP(5) 462
N PU (5) 467

MD(5) 472

H PI1, 477
MPDB(5) 482

MPB(5,) 492
MPQ(5, 10) 497

ml'Q(,10)547
MPP(5,5) 597
MPDP(5,5) 622
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STDCM(882)

DERIV(7,21)
R"R(7,21) (both rotors for flutter case) 148

DRVR2(7,21) 295
DRWB(7,21) 

442
DR';HT(7,21) 

589
DRVVT(7,21) 

736

variables (21):

( F 4F ' 'F -)s

0 c f e Sa
UG VG 'G)

equations (7):

(L M N X Y Z Q)

-55-
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STMCM( 340)

AIFD(7,7) 50
AlFD(799

AOFD(7,7) 9

LBFD(7,19) 148

CCNFD( i6) 288

GIJSFD(3) 304

DOF1FD(7) 307

NAMXFD(7) 314

NAMVFD( 19) 321

MXFD 340

variables (7):

+F OF "-F F YF zF's

controls (19):

(e 0 Gkc O15 %0 9c 191

Sf 8e Sa -r at &0 Sk '& S
U G vG w G

gust components in wind axes
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'nu'

TRANCM(62)

QTRIM(6) trim generalized force (total) 1

CQSTI trim -62C /v-a (rotor #1) 7

CQsT2 trim -62CQhr-a (rotor #2) 8

IBODYI(7,7) inverse of body inertia 9

DCSAS SAS c 58

DSSAS SAS g 59

TTGOV transient governor I&Dt  60

TG(-V transient governor govr)rotori/l 61

T2GOV transient governor ( govr)rotor#2 62

-5.7-
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2. SUBPROGRAM FUNCTION AND COMMUNICATICN

This section describes the functions of the subprograms that

constitute the computer program. The communication of the subprograms

with each other is also described, in terms of the input and 
output

variables. "ne description begins with the subprogram name, and its

arguments. Next there is a statement of the principal function of the

subprogram, and usually a general reference to a section in the analysis

development. Then notes about the program content are given, including

references to sections in the analysis development as appropriate.

Finally all the input and output variables of the subprogram 
are listed.

The left-hand column gives the variable name in the subprogram, 
and the

right-hand column gives the label of the common blcck in which 
the

variable is located. Some description of the variable may be given as

well. Only the subprograms for rotor #1 are described; the subprograms

for rotor -#2 have identical functions and structure.
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MA IN

Name: MAIN

Function: primary job and analysis control

General reference: section 5.3.5

CPRTR2 TRIMOM
IDENT( 4)

ANTYPED3 TMDATA
FILEID(4)

RESTRT CASEOM
JCASE
TASK
JOB
RSWRT
NCASES
B IXDAT
RDFILE
START
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TIMER

Navie: TIMER(N,I,T)

Function: program timer

N integer parameter controlling timing calculations
0 initialize
1 start timer
2 stop timer
3 print times

other return present time

I timer number
1 case
2 TRIM
3 FLUT
4 STAB

5 TRAN
6 STABL
7 FLUTL
8 WAKEC1,WAKEC2
9 GEOMR1,GEOMR2
10 RAMF
11 MODE1,MODE2
12 MOTNR1,MOTNR2

13 PERF
14 LOAD

T elapsed CPU time (sec)

DEBUG integer parameter: print time T if GE I TMDATA

ITDB
I (23)
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IiiPTN

Name: INPTN

Function: input for new job

JCASE CASECM
BIJKDAT
RDFILE

DEBUGI integer parameter: debug print control TMDATA
OPREAT)( 10)
NROTOR

IXX B DDATA
Iyy

IZ

ATILT

W LCG

( WEIGHT

FILEID(4J) TM DA TA

MHARMF



INPTO

Name: INPTO

Function: input for old job

RESTRT 
CASECM

DEBUGI integer parameter: debug print control TMDATA
NROTOR
ANTYPE(3)
OPREAD(1O)
DEBUG( 25)
NPRNTI

IM

-

i -62-



I NPTA I

Name: INPTA1

Function: read airfoil table file

DEBUG 
TMDATA

TITLE(20) 
AlTABLIDENT(4)

NMAX
NAB
NA(20)
A(20)
NI4B
NM(20)
M(20)

I NRB
R(11)
CLT(5000)

rCDT(5000)
CMT(5000)
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INPTR1

Name: INPTR1

Function: read rotor anmelist

DEBUG TMDA TA
TITLE( 20) RI DATA

TISTI( 51)
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INN I

Name: INPTWJr Function: read wake namelist

DEBUG 
'rMDATA

FACTWU 
WDT

KWGSO( 4)
KFWG 

GlDATA

DQWG(2)
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INPTB

Name: INPTB

Function: read body namelist

DEBUG THDATA
TITLE( 20) BDDATA

1X6SYM( 10)

LFTAW BA DATA

OPTINT

ENGFOS ENDA TA

KEDAMP
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I NPTL1

Name: INPTLI

Function: read loads namelist

KDEBUG IMDATA

K MHARML LiDATA

OPNOIS(4)

MVIB 
LA DAT A

ZETAV3,O,1O)



I NPTF

Nae: INPTF

Function: read flutter namelist for new jobi.DEBUG 
TMDATA

o PFLOW 
FLDA TA

NAMEXRO3)

-68-
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INPTS

Name: INPTS

Function. read flight dynamics namelist for new job

DEBUG TMDTAWnt1
NPRNTP STDATA

OrFPT(21 )
OPTRAN GCDATA

r MAG(5)
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INPT'r

Name: INPTT

[ Function: read transient namelist for new job

FDEBUG TMDATA

NPRNTT TNDATA

OPLMDA

o PTAN GO DATA

CMAG(5

-70-



Name: INPTG

Function: read flutter namelist for old job

DEBUG 
MDATA

ANTYPE(4) 
FLDATA

NAMEXR(3)

r

C,



INPTU

Name: INITU

Function: read flight dynamics namelist for old job

DEBUG TM DATA
OPPRNT(4) STDATA

DOFPLT( 21)

OPTRAN GCDATA

CMAG(5)
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I NPTV

Name: TIPT\

:unction: read transient namelist for old jot

DEBILG 
TM DATA

NP'INTPT 
TNDATA

NP1HNTP
NPR11~
NFRSTRT
TMAX



;V.

FILEI

Name: FILEI(IFILE,RDWRT)

Functio.i: read or write input file

NFILE file unit number
RDWRT integer parameter: 0 to read file, I to write file
TITLBD( 20) 

BDDATATITLR (20) 
11DATATITLR2(2) 
R2DATATITLCS (20) 
TMDATA

FILEID(4)

all 
TMDATAall 
BDDATAall 
BADATAall 
ENDA TAall 
LA DATA

all 
GCDATAall 
TNDATAall 
STDATAall 
FLDATAall 
RIDATAall 
Wi DATAall 
G1 DATAall 
LiDATA

all 
R2DATAall 
W2DATAall 
G2DATA
L2DATA
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F ILEJ

Name: FILEJ( NFILE ,RDWRT)

Function: read or write trim data file

NFILE file unit number

RUD4RT integer parameter: 0 to read file, 1 to write file

MPSI TMDATA
LEVEMi
LEVEL?

KNW1 W 1DATA
MRG1
MRL1
KFWG1 G 1DATA
KNW2 W2DATA
MRG2
MRL2
KFWG2 C 2DATA

all TRIMCM
all BODYCM
all ENGNCM
all GUSTOCM
al]l CONTOM
all COMVCM
all MNSCM
all QBDCM
all LlTP1CM
all RH1CM
all MD1CM
all !NC10M
all WKV1CM
all MNH1CM
all AES1CM
all MNR1CM

all QB 1CM
all RTR 2GM
al RH2CM
all MD2CM
all INC2CM
all WKV 2CM

rall MNH2CM
all. AES2CM
all MNR 2CM
all AEF2CM
all QR2CM

C-75-
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*FILER

Name: FILER(RDWRT)

Function: read or write restart file

Restart file structuce:

1) case header record

2) input, trim, ai.rfoil data
3) task header record -- ID,NREC

(ID = 2 for flutter, 3 for flight
dynamics, 4 for transient)

4) task data (NREC records)

5) repeat #3 and #4 as necessary

6) end record -- ID = 0, NREC = 0
RDIRT Lnteger parameter: 0 to read file, 1 to write file
RESTRT 

CASECMTIThcS(20) 
T DATA

FILEID(4)~NROTOR
~CODN

IDENT(4) 
TRIMCM

TITLRI( 20) 
RIDATATITLR2(20? 
R2DATATITLBD( 20) 
BDDATATITLAI(20) 
AlTABL

AFIID(4)
NMAX1
CLTI(5000)
CDTI (5000)
CMT1 5000
TITLA2(20) 

A2TABL
AF 21D(h)
NMAX2
CLT2(5000)

C. CDT2(5000)

CMT2(O00)
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FILEF

Name: FILEF(RDWRT)
0

Function: read or write flutter restart file

RIYdRT integer parameter: 0 to read file, I to write file

NRCTOR TMDATA

, PFDAN FLDATA

NBMI RTRICM
NTht
NGM1

NBM2 RTR2CM
NTM2

. NGM2

all FLMCM
all STDCM
all STMCM
all MD1CM
all MD2CM
all STDATA
all GCDATA

Iv
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FILES

Name: FILES(RDWRT)

Function: read or write flight dynamics restart file

RDWRT integer parameter: 0 to read file, 1 to write file

all STDCM
all STMCM
all STDATA

Il GCDATA
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FILET

Name: FILET(RDWRT,ENDREC)

Function: read or write transient restart file

RDWRT integer parameter: 0 to read file, 1 to write file

ENDREC integer parameter: 0 if at start of transient record,
1 if at end of record (required for file write only)

IT WORK
YN(7)
DYN(7)
DDYN(7)
MTRACE
TRACE(14377)

LEVELI TMDA TA
LEVEL2

all TRANCM
all TNDATA
all GCDATA
all LiDATA
all L2DATA
all LADATA

L
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FILEE

Name: FILEE(KEY)
Function: write eigenvalue file

KEY integer parameter defining case
0 start file

flutter, const. coeff. (FLUTL)
1 complete
2 symmetric
3 antisymmetric

flutter, periodic coeff. (FLUT)
4 complete
5 symmetric
6 antisymmetric

flight dynamics (STABL)
7-18 6+IEQ (IEQ = equation type)

TASK 
CASECM

JCASE
IDENT(4) 

TRIMCM
CODE TMDATA
LAMDA(60) \(constant coefficients) EIGVC
MX2
LMDAP(60) , (periodic coefficients) EIGVP
LMDACP(60) kc (periodic coefficients)
MX2P
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I NIT

Name: INIT

Function: initialization

NROTOR TMDATA

,

4

'p

'C
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INITA

Name: INITA

Function: initialize environment parameters

General reference: section 2.5

OPUNIT TMDATA
ALTMSL
TEMP
DENSET
OPDENS

DENSE TRIMCM
A LTD
DRATIO
CSOUND

C
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I NITO

Name: INITO

Function: initialize case parameters

OPUNIT TMDATA
DEBUG
MPSi
M'I1APM(2)
MHARMF(2)
OPTHIM
OPGOVT
LEVEL2
DOF(54~
DOFT(8)
VKTS
VEL
VTIP
RPM
COLL
LATOYC
LNGCYC
PEDAL

( APITCH
AROLL
ACLIMB
A YAW
RTURN
NROTOR

A XTRIM
o XTRIIM
THETFT CCONTCIA
PHIFT
THETFP
PSIFP
THEPTAT

A DOMEGA
DDZF
VPILOT(5)
TGOAIRI
TGOVR2

NBLD1 Rl1DATA
VTIPN
RADIUS
SIGMA
GAMMAO
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INITC

OMEGAl RTRICM
o MEGA 2 RTR2CM
HMASS BODYCM

TRATIO BDTJATA
CONFIG
WEIGHT

NBLD? R 2)A TA

D13ATIO TRTMCM
DENSE
GRAV

o PRTR 2

FSCALE
RSCALE
NSCALE
IS CA bE
GSCALE
SSCALE
CSCALE
COSPSI( 36)
SINPSI(36)
KEPSI(21 ,36)
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K .. /

j , INIT___

Name: INITHI

Function: initialize rotor parameters
Normalization parameters: section 2.6
Aerodynamic r, t-r: section 2.4.1
Tip loss factor: section 2.4.5
Linear twist: section 2.3.5
Control system damping: section 5.1.3
Gimbal/teeter spring and damping: sections 2.2.12, 2.2.13
Lag damper: section 2,.2.16

DEBUG 
TMDATA

MPSI
DOF(16) rotor degrees of freedomraFT(4)

LEVEL

TRATIO 
B DDATA

DENSE 
TRIMCM

CSOUND
DRATIO

QRTR(6) 
QRICM

CLS
cXs
CTS
CYS
CPS
CT
CMX
CMY
BO
BC
BS
CIf-c36)
K2T 

WGICM
K 2S1
K2SO
GAMMAO 

R1DATA
SIGMA
NBLADE
RADIUS
VTIPN
TDAMPO

TDAMPC
TDAMPR

-85-

-4



INITRI

NUGGO Hi DATA
NUGSO
C DAMPO

I) C DAMPS
L DAMPC
LDAMPM
L DAM PR
MRB
MRM
RAF( 31)
MRA
BTIP
OFTIP
TWISTA(30)
TWISTI (51)
RI(51)
MP I
INF'lfW(6)
LINTW
TW ISTL

OMEGA RTR1CM
GLAG
MLD
DZLD
CGS
CGC
NUJCC
NUGS
CTO
CTC

MTI P
GAMMA
CMEAN

NBM
NTM
NGM
NBMT
RA(30)
DRA (30)
FIIP(30)

CTOLD WKVlCM
C1MXOLT)
CMYOLD
VIND(3,3O,36)
LAM4BDA
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INIRI

VINT(3,30,36) WKV 1CM
VORH(3,36)
LAMBDI
VWB(3 .36)
X'HT( 3,36)
VVT( 3,36)
VOFF(3 ,3)
LAMB N (3)
LAMBDH(3)
LAMBDV (3)
LAKBD (3)
EIN'N(3

El NTV (3)

STATE(30,36,3) AESIOM
DCLMAX( 30,36)
DCU'IAX( 30, 36)
DCMMAX(30 ,36)

ALPHA(3036)

BEVIM( 21, 10) MNR 1CM
THETA(21 '5)
BETAG( 21)
PHI(10, 16)
PSID(10,6)

QSSTAT( io) MNSCM
PISTAT
PESTAT

FOBCE( 16,36) AEFICM
FHUB( 6,36)
TORQUE( 36)

T?5OLD MDI CM
NBMOLD
NTMOLD

VGUST(3,30,36) GUSTCM
IGUSTH(3)



INITB

Name: INITB

Function; initialize airframe parameters

Position of aircraft components. section 4.1.5

Rotation matrix RSF: secticn 4.1.2

r, RSF without a 'IVT rotations: sections 4.1.3, 4.1.5

(for wind tunnel trim case)
Control matrix TCFE: section 4.1.6
Aircraft inertia: section 4.2.4
Airframe elastic modes:

bl pitch/mast-bending coupling (KMST): section 4.2.3
b mode shape at hub (AMODE): section 4.2.2
c) mass, spring, damping: section 4.2.4
d aerodynamic damping and control: section 4.2.7

Initialization (for wind tunnel case)
= - I* Re 

=*I*
RV= R = RF I, Re IR

FV e FE e e

V F I

-M (7x) Re = -M*V * Fx)

(V )R e kF = -V JF

G -M* g (VFX

DEBUG TMDA TA
VEL
DOF(16) airframe degrees of freedom

GRAV TRIMCM
GAMMA reference rotor
SIGMA
IB
OMEGA
NBLADE
RADIUS

P21MRI 0. RTRICM
P21WRI 1A+6-, (rad)

P21MR2 A'i' (rad) RTR2CM
P21WR2 - (rad)

ROTATI R1DATA
OPHVB1(3)
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I NITB

ROTAT2
OPHVB2(3) R2DATA

VGkBV(5) gust in velocity axes GSO
VGHTV(3)GSC
VGVTV(3)

QWB(6) 
QBDOM

QHT(6)
QVT(6)

AMODEI(6, 10) BODYOM

VSIDE

TITLE( 4) B DDA TA

EOFSYM( 10)

DRGIW 
BADATA

-89-
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INITE

Name: INITE

Function: initialize drive train parameters

Engine inertia and control: sections 4.3.1, 4.3.2
Governor parameters (dimensionless): section 4.3.3
Drive train spring constants: section 4.3.2

DEBUG TMDATA
OPENGN
DOF(6) drive train degrees of freedom

TRATIO BDDATA

NBLADE reference rotor TRIMCM
IB
OMEGA

ENGPOS E DATA
ThRTLC
IENG
KMAST1
KMAST2
KICS
KENG
KPE
KP1
KP2
TiE
Ti1
T12
T2E
T21
T22

QTHRTL ENGNC?1
IENGS
KMTI
KMI2
KMR
KME1
KME2
KPiOVE
KPGOVI
KPGO12
TiGOVE
TIGOV1
T1GOV2
T2OVE
T2GOV 1
T2GOV2
NDM
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CI{EKB1

Name- CIIEKR1

Functionl: check for fatal errors

NPSI TM1)ATA

L~EVEL RDT

NBLADE 
? DAT

!4RA
RA9( 1)
MIR I
R1( 51)
RRCOT
I NFLQW (6) WDT

MEGWiDT
NG(30)
MEL
NIL(3O)

KNW RTh 1CM
RA(30) RDT

t4RLO other rotor 
RDT



PRNTJ

Name: PRNTJ

Function: print job input data

FILEID(4) TMDATA
all CASECM
all UNITIC

-92-



0 077

PRNTC

Name: PRNTC

Function: print case input data

JCASE CASECM
JOB
START

;ILEI (O) TII DA TA
TIiLCS( 20)
CODE
ANTYPE( 3)
C PUN IT
C P T IM

VKTS
VLL

%/TIP
ALTHlSL

P GR N D
N HAGL

AFLAP
0 FE NGN
O PGXV T
RTURTN
LE VELl
L E ' EL?2
D(JF(5'4)
IXFT(PB)

M1HRMF
OPDENS

IDENT(4) TRIMOM
DENSE
DR ATTC
CSOUND
ALTD

TITLBD( 20) B DDA TA
WEIGHT
FSCG

o WLCG
B LCG
CO NFIG
ATILT
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PRNI1

BO DYOM

N A4
ENGN'C14

NDM

TITLAI(20) 
AITA13L

AFIID(4)

TITLA2( 20) 
A2TABL

AF21D(4 
RLi.)

TITLR1 (20)
TYPEI
RADUS1
NBLDI
SIGMAl
i NFLw -L( 6
OPHVB1(3)
OPSTLI
OPYAW1
OPCMPI
OPUSUi
ROT4T1
HINGE1
ELAGI
EFLAPI

GAMMAl 
IRC

OMEGA I
MTIP1
OMEAN.
IBi
NBMI
NTMI
NGM1
NBMT.

TITLR2( 20) 
R?DATA

iFLAP2

GAMMA2 
RTR2CM

NBMT2
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PRNT

Name: PRNT

Function: print trim input data

FILEID(4) TM,1DATA

;IHARMF( 2)
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PR NTR 1

Name: M, NTB1

Function: print rotor input data

NBM BR1CM
NTM
NGM
RA (30)
1YA (30)

'PITLE( 20) B 1DATA

'nI'IISTI( 51)
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PRNTW1

Name: PRNI l

Function: print wake Input data

MPSI TYDA TA
LEVEL

FACTOR W I DATA

KWdGSC(4)

KRIG G I DATA

DX2-G(72)
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PRNTB

Name: P.RNTB

Function: print body input data

NROTOTN 7DATA

TITLE( 20) B DDATA

DOFSYM( 10)

LFTAW BA DATA

0 PTI NT

ENGPUS ENDATA

KEDA!1P



Lv

PRNTF

Name: PRNTF
F'unction: print flutter input data

IDENT(4) 
TRIMC14

CONFIG 
B DDA TA

S.C PFLCW 
FLDATA

C, PUSLD

9
I
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rt.

~PRNr_

Name: PRNTS

Function: print flight dynamics input data

IDENT(4) TR I1CM
N]RNTF- 

STDATA

cG !s( 3)

C"30)
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PRNTT

Name: FRN7,l2

.'unction: print transient input data

IDENT(4) TRIMCM

N INTT TNDATA

( I'l DA
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PRNTG

Name: PRNTC

Function: print transient gust and control input data
KROTOR77 

D T
OPTRAN TMDATAi : GCDA TA

CMAG (5)
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STRIM

K, Name: TRIM

Function: trin

General reference: sections 5.3.5, 5.3.1

RESTRl A SEC 1

, 2SW R91,CPR'P 
2 

P IC~I .EVEL1 TI' ATA

LEVEL2
ITERU

ITERR
TTERF
NV. NTT
NPR NTP
NPRN TL

-103-,-



TRIMI

Name: TRIMI(LEVEL1 ,LEVEL2)

Function: calculate trim solution by iteration

General reference: section 5.3.1

Codes:

control number (C) = 1 2 3 4 5 6 7 8 9

control = S0 Sc Ss Sp 9FT +FT 4P eFP 3T

test number (T) = 1 2 3 4 5 6 7 8 9 i0 11

test =none F H FF z M Cp (c CC CLCCy

OPTRIM MT C(i) T(i) (i - i to ?:T)

0 0
1 6 1 23 456 211311
2 6 1 23 457 211311
3 7 12345 6R 2113116
4 7 1234578 2113116

5 3 135 i15
6 4 13 5 415 6
7 0
8 0

10 0

11 1 1 7
12 1 9 7

13 1 1 6
I14 2 23 8 9
15 3 1 23 7 89
16 3 ? 3 I II
1? 3 129 1111
18 4 1 2 3 9 101 89
19 3 123 1111
20 3 1 29 1111
21 1 1 239 101 89
22 1 38
23 2 13 78
24 2 13 101
25 2 19 101
26 3 13 9 101 0
27 2 1 3 101
2P 2 19 101
29 3 1 39 101 8

- 104-
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TRIMI

LEVELI wake analysis for rotor "#1 and rotor N'2:
LEVEL2 0 for uniform inflow, 1 for prescribed

wake, 2 for free wake

DEBUG TMDATA
CPTRIM
CTTR IM
CYTRIM
BSTRIM
BCTRIM
OPTR1M
MTRIM
MTRIMD
FACTOR
ITERM
I TERC
DELTA
EPTRIM
OFGOVT

CXTARG TRIMOM
GRAV
COUNTT

CNTRLZ(11) BDDA TA

OWS BODYOM
KE(3)
VXREKFT(3)
TCFE( 11,5)

COUNT14 CONVflM
COUNTCI; NBLDI ii DATA
NBLD2 R2DATA
GAMMA I RTR1CM
OMEGA1
IB 1
GAMMA2 RTR 2CM
OMEGA2
IB2

VCNTRL(Il) CONTCM
THEMF
PHIFT
THETFP
PSIFP
THETAT
DPSIF WFr
\rPILfJT(5)
TGOVR 1
TGOVR 2
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QRTh11(6) QRICM
CL S

CS

CPS
B ETA
B ETA S

GQS1~ =CJv~-

qRTR2(6) Q12CT,

Q!WB ( 6) BD
QHT(6)
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TRIMP

Name: W.IMP(LEVFL1 ,LEVEL2, ITER ,ITER4)
Function: print trim sol~ution

LEVELI wake analysis for rotor #1 and rotor #2:LEVEL2 0 for uniform inflow, 1 for prescribed
wake, 2 for free wake

ITER iteration number
ITERM maximum number of iterations

CPTRIM 
T4DA TACM9RXM

C YTBT II
B (379T 1M
BSTPIM
0 PR T M
E TRIM

LATCYC
LNGCYC
PEDAL
APITCH
A YAW
A ROLL
ACLIMB

CXTARG 
TRIMCMGRAV

COUNIT
COPRTR2
NBLD1 

1 DATATYPE1
NBLD2 

H 2DATATYIS2
GAMMA1 

RTRiCMOMEGA 1
IB 1
GAMMA 2 

RTR20MOMEGA 2
IB2

Ows 
BODYOMKEO()

\XREKF(3)
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TRIMP

\'CNTRL(11i) CCNTCM

PH IF T
THETFP
PSIFF
THETAT
PS I'l
T))SIF V
\'PILCT( 5)
TGO yR 1
TGO\'R 2

QRTR1(6) QR 1CM
CLS

CTXS

C~ys
CP'S
B ETA C
BETAS

QRT22(6) = QR2CM

0 WB (6) QBDCM
QIIT(6)
QVT(6)



FLUT

Name: FLUT

Function: flutter

General reference: sections 5.3.5, 5.3.6

RSWRT CASECM
REST-RT

o PRTR 2 TRIMOM
NBLADE

CPFLOW FLDATA
GFPSYMMr
o PFDA N
MPS IPC
NINTPC
NBLDFL

A 2( 6s00) FLMCM

MGA

N XF D STMCM
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FLUTM

Name: FLUr14(PSI)

Function: calculate flutter matrices

General reference: section 6.3.1

Inflow dynamics: sections 6.1.5, 2.4.3

DLDT = z-g 2-r
DLDM =

T'r = "C.-

TM =

DLDZ S

ZK '

Drive train equations: section 6.2.3
Construct flight dynamics matrices: section 5.3.3 also

(only if rigid body degrees of freedom present)
Symmetric/antisymmetric matrices: section 6.3.3

PSI Y(for periodic coefficients)

DEBUG T4DATA
OPENGN

OPRTR2 TRIMCM

DOFSYM( 0) BDDATA
TRATIO
CONFIG
NEM

RULFER(3,3) BODYCM
KE(3)
Pt" TB41&U/ 'M
RHUB2(35
AMODEt(6,1o)
AMODE2(6, i0
KMSTC1(10)
KMSTSI(10)

KMSTC2(10)
KMSTS2(10)
MVXRE(3,3)
TCFE(11,5)

KIGOVE ENDATA
KIGOVl
KIGOV2
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FLUTM
GSE
051 ENDATA

QTH'ITL
I ENG ENONOCM

KM 12

KFCIIE
K PGC* '1

TiOC' F
TlGC' 1

T2GCOV2r

T2G(V1,'

MENG22
MENG33
SENG22
SENG33

flADUS1
NBLD1 RI1DATA
KFLMD1
KHL?I'D1
SIGMA 1
FUXMD1

E'YLMD1
KINTHI
KINTE 1
FMLMD1

(,MEGA I
0NTI4 RTh 1CII

NBM 1
NGM1
4UX1I
MY1
MUZ 1
GAMMA 1
lB 1
RGtJST1(3 3)CHUB1(6, 16)
CBHUB1(3, 3)
CHUBT1(16,6)

----------



FLUTM
RADUS2 2DT

F'MJMD2

OMEGA 2
* H'flR2CM

C HUBT2( 16,6)

KPB1(10)
KFG1 MD1CFM
KFB 2(10)
IPG P2 MJ)2CM

TlS 1 CONTCM
TlC2
Ti S2
LAMBDI K C
COSE1 llc~
ZAGLI
LAIMBD2
COSE2 WK\'2CM
LAMBD2

CTSJ ~ 2CT/7-a 
RIC

CTS2 r2CTv-a 
2CDERIx'(7, 21) ~O

DRVRJ(?,21) STDCM
DHRVWB(7 .21)
DRVHT(7, 21)
DiIVVT(7 .21)

A2F'D(7,?) 
TM

MXF'D

CQPFLOW
O PSYMM FLDATA
NBLA DE
O PSA S
KCSAS
KSSAS
TCSAS
TSSAS
OPIURS(2)
C FCRND
KASGE
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FIUTM

IDiF(8O) FLDATA
CON(26)
GUS(3)

A2( 6400) FLMCM

MGR

A2A( 16,16) FLMACM

BLA(16,2)

AZRI(30,310) FLMlCM

DCR 1(6,3)

A2R2(30,30) FLM2-CM

IR2( 6, 3)
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FLUTB

N~ame: FLUTB

Function: calculate flutter aircraft matrices

General reference: section 6.2.2

OPRTR2 TRI11CM

NEM BDDATA

IBODY(3,3) BCDYCM*
MSTAR
MVXRE(3 ,3)
GMrRX(3 ,3)
RFV(3,3)
AMASS( io)

0 ASPRNG(10I ACNiL(4, to)
DELTZA L:')XTA
OP1"INT

D 'BODY(6) '~NT"

DD",F
CNTRL(4) S f ge 4
GWB(3) gust in F axes GT!STC11
o HT( 3

QWB(6)U QJD-
QHW(6)
QVT(6)

A2(16,16) FL, ;IT

hL(16, 2)

.DRVWB(7,21) S TDCN %
DFR'HT(7,21)
DRV'r(7 ,?1)

LrIDAWI(3) WKY 1 C3N
L MDA I 1( 3)
LMT)A"1(3)
E INTW 1(3

EINTVIM3

LMDAW2( 3) WYV 2C!M

iINTV2(3)
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FLUTRi

Name: FLUTR1(PSl)
Function: calculate flutter rotor matrices

General reference: sections 6.1.6, 6.4

Azimuthal smmations:

at = ,p K for periodic coefficients

- at 4) for constant coefficient
7j approximation

(section 6.1.7)

Reorder hub reactions: A equation multiplied by 2 to get (- 2C T/a)

Inflow dynamics due to velocity perturbations: sections 6.1.4, 6.1-6

PSI 'Y(periodic coefficients only)

C PFLCW FLDATA
MPSICC
NB LDFL

KBM RTR1CM
KTM
NGM
GAMMA
NUGC
NIJGS
CGC
CGS
CTO
C'rC

MUX
MUTY
~1 UYN UZ

NB LD 1 DATA
GSB(1o)
GST(5)
K HLM DA
K FLMDA

NU( tO) MDiCM
WT(5)
WTO
W TC'I
WTR

KFG
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FLUTRI

LAMBDk wKv 1CM

CTS 20 2%/V-a QB1Cm1

T10' CONTOM

A2(30,30) FLM1CM

1xG(6,3)
MASSB FLINCM

SpQ(5,1o)
MQU( iO) FLAECM

!'PDP(5,5)



FLUTI I

Name: FLITT(PST)

Function: calculate flutter inertia coefficients

General reference: section 6.1.3

PSI -P

DEBUG Th DATA
LOFT( LI)

GLAG RTh 1CM
KBN
KVh
NBMT

B PTA (21 10o) MNfl1CM

ETAPH( 2, iO) MD1CM

M4B INC1CM

SrQT(5,1O,4J)

MASSBL FLINCM

S-PQJ..(5, to)



FLU TA 1

Name: FLUTA1(PsI)

Function: calculate flutter aerodynamic coefficients

General reference: section 65.1.4

Perturbation section forces: without c/c m factor

Aerodynamic coefficients: FZO C %/v- , FXQ CQA

DEBUG T4DA TA
DOFT(4)
MPSI
DPSI TRIMCM

MRA R 1 DATA
ICHORD( 30)
XA(30)
XAC(30)
CPCOMP
OPYAW
o PSTLL
RFA

RA(30) RTP 1CM
DRA (30)
CMEAN
FTIP(30)
NBMT
KBM
KTM
MTIP
MUX

MYI:; MUZ
ETA(2.10.30) bending modes at r.,, i = 1 to MRA MD1CM
ETAP( 2, 10,30)
ETAPP(2,10 ,30)
ZETA(5,30) torsion modes at ri, i = 1 to MBA
ZETAP( 5,30)
DEL1
DEL2
DEL3
DEL4
DEL5

DALPHA FLDATA
DMA CH
OPUSLD



FLUTA I

BETA (21, 10) MNB1lM

DC.LA(30,36) AESICM
DCDS(30, 36)
DCMDS(30,36)
SAVE(30 ,36, 19)

XAPQ(2,5,4,30) INClCM
IQU( 10) FLAECM

;'PDP(5,5)



FLUTL

Name: FLUTL(ID,A2,A i,AO,B,?IX,MX1,MV,MG,DOFI,NAMEX,NAMEV)

Function: analyze flutter constant coefficient linear equations

Vibration point location: sections 4.1.3, 4.1.5

ID problem identification: 1 for complete dynamics,
2 for symmetric, 3 for antisymmetric

A2(MX*M.() coefficient matrices
AI(MX*MX)
AO(MX*MX)

13(M.(*MV) control matrix

MX number of degrees of freedom

MX1 number of first order degrees of freedom

MV number of controls

MG number of gust components

DOFl(!,!X) integer vector designating first order degrees
of freedom

NA'!EX(MX) vector of variable names

NAMEV(MV) vector of control names

'ELL (3) BODYv"

G-AIMCM
(MEGA reference rotor
RADIUS reference rotor

b SCG BDDATA
BLCG
WLCG
NEN

THETF'T CO NTCM
PHIFT
THETAT
PSIT

ANTYPE(4) FLDATA

NAME R (-)
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STAB

Name: STAB

Function: flight dynamics

General reference: sections 5.3.5, 5.3.3

RESTRT CASECM

RSWRT
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STABM

Name: STABM

Function: calculate flight dynamics stability derivatives and matric -

General reference: section 5.3.3

Print during stability derivative calculations:
a) increment: Ist number dimensionless, 2nd number dimensional
b motion and controls: 1st number dimensionless, 2nd number

dimensional
1 angular velocity = deg/sec

linear velocity, gust velocity = ft/sec or m/sec
3) 11s =rpm

4) 'F = ft/sec 2 or m/sec 2

5) controls = deg

c) generalized forces: moments and forces in 2C/q-a for;,

(rotor #1 parameters, body axes);
torque in -iCn-a for( orm (roo #1
parameters)

MPSI TDATA
LEVEL1
LEVEL2
DEBUG

0OFIRTR 2 InIMCM
," LSCALE
' FSCALE

NBLD1 RIDATA
MRAI
TYPE1
IB1 RI.CM
CHUBI(6,16)
CHUBT1(16,6)
CMEGA1

NBLD2 R2DATA
MRA 2
TYPE2
IB 2 R TR 2CM
CHUB2(6,16)
CHInBT2(i6,6)
OMEGA 2

IBODY(3,3) BODYCM
MSTAR
!MVXRE(3,3)
GMTRX(3,3)
TCFP,( n,5)
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STABM

COINIIG BDDATA

q!RTRi(6) QR1CM
CQSI 0

QRTR2(6) QR 2CM
CQS2 6 CQ/ -aI 

~ C
101 INC2OM
102 ICC

IRSTAR ENGNCM
QTHRTL
QEDAMP
KPGC)VE
KPGOV1
KPGO'V2

K IGO VE ENDATA
KIGOV1
K IGCV 2

NPRNTP STDATA
NnRNTL
ITEP.S
Oj PLMDAk
DELTA
DOF(7
ON( 16)

VGW4BV(3) GUSTOX~
VGHTV(3'
VGVTV( 3
VGRTBR1(3,30,36)
VGRTR2(3 ,30,36)
VGHUBI(3
v (HUB 2 3)

rVrB 0DY~ 6)

WB(6) QBDCM

QVT(6)

DERIV(7, 21) STDC14

DRVVT(7,21) S1c
A2iFD(7,7) sc

141"FD -123-



STABD

Name: STABD

Function: print stability derivatives

General reference: section 5.3.3

Options: a) rotor coefficient form, M*X = Y2C/q-a
b) stability derivative form, X (acceleration)

c dimensionless or dimensional

Dimensions:
a) force or moment

forces(FF) moments (FM) torque (FQ)

M*X for 2Ib a./R NIb .2 NIbn.2

X form . 2R 2 2

b) subscripts

acceleration ( ) -- R (FA)

angular velocity .51

linear velocity D)R (FV)

controls 57.3
gust velocity =1 R (FV)

TASK CASECM

DOFFD(7) STMCM
CNFD(16)
GUSFD(3)
NAMEV( is)

ISTAR(3,3) BC DYCM
MSTAR

IRSTAR ENGNCM

NBLADE reference rotor TRIMCM
IB
OMEGA
RADIUS

OPPRNT(4) STDATA

DRVR1(',21) STD(M
DRVR2(7,21)
DRVwB(7,21
DRVHT 7,21)
DRVVT(7,21)
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STABE

Name: STABE

Function: calculate flight dynamics equations

DEBUG TMDATA
OMEGA reference rotor TRIMCM

EQTYPE(12) STDATA
KCSAS
KSSAS
TOSAS
TSSAS

A2-D(49) ST11CM

MXFD

CPSYMM FLDATA
CPSASF

TASK CASECH
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STABL

Name: STABL(IEQ,A2,Al,AO,B,IIX,MX1,MV ,MG, DFI,NAMEX,NAMEV,EOF,CON)

Function: analyze flight dynamics linear equations

Vibration point location: sections 4.1.3, 4.1.5
Numerical integration of transient: sections 5.3.2, 5.3.3

(see also program TRAN)

IEQ equation type identifier

A2(MX*MX) coefficient matrices
Al (MX*MX)
AO( MX*MX

B(MX MV) control matrix

MX nuber of degrees of freedom

MX1 number of first order degrees of freedom

MV number of controls

MG number of gust components

DOFJ(MX) integer vector designating first order degrees of
freedom

NAMEX(MX) vector of variable names

NAMEV(MV) vector of control names

DOF(7) integer vector designating degrees of freedom used

CON(19) integer vector designating controls used

OMEGA reference rotor TRIMCM
RADIUS
GRAV

VELF(3) BCDYCM

VGHUB1(3) GUSTCM
VPfIRAN(5)

FSCG BDDATA
WLCG
BLOG

THETFT CCNTCM
PHIFT
THETAT
PSIT
D1;BODY(6)
DOMEGA

NPRNTT STDATA

DOFPLT( 21)
-126-
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STABP

Name: STABP(TIM,ITYN,DYN,DDYN,DOF)

Function: print flight dynamics transient solution

General reference: section 5.3.3

Print during numerical integration (in STABL):

a) controls in deg
b) gust velocity: 1st number dimensionless, 2nd numr.nr

dimensional
c) aircraft motion: 1st number dimensionless, 2nd number

dimensional

i) displacement = deg, ft or m

2) velocity d= eg/sec, ft/sec or m/sec

3) acceleration deg/sec2, g

4) inertial axes deg/sec, g

AANG =  = R

body e

TIM time (dimensionless)

IT time count

DYN(7) ( :F "F xF YF ZF "s)

!)uy 4N ( ) F &F A', ' F Vs~
DCF(7) integer vector: 0 if degree of freedom not used

GRAV TRIMCM
LSCALE
FSCALE

TI'STEP STDA TA
TMAX

NPI NTT
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STABP

VGH1JB1(3? GUTMM
VITRAN(5K MSTAR BDC
MVXRE(3,3)
REULER(3 ,3)
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TRAN

Name: THAN

F unctionl: transient
General reference: sections 5.3.5, 5.3.2

RESTRT CASECM
RSWRT

LEIIELI 77TATA
LE"IEL2

DVBCDY( 6) CONTCDI
DC MEGA

MVXRE(3 ,3) BODYCM
MSTAFR
IBODY(3, 3)
OMEGA reference rotor TRIMCM

QRTRI(6) QR1CM
CQS1

QRTR2(6) QR 2GM
CQS2 ~ YCQ/a

QWB(6) QBDJM
QHT(6)
QVT(6)

QTB-im(6) TRANCM
CQST1
CQ$T2
IBCDYI(? ,7)
NPRNTT TNDATA'iNPR NTP

NRST13T
TMA X
TSTEP
o PPLO Y
DOFPLT( 21)

* ~ DF(7

101 INC1CM
*102 INC 2CM

cHuB(6,16) 1RTR1CM
0CHUBT1( 16,6)
CMEGA 1
IBI
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TRA N
CHUB2(6, 16) 

RT CCHUBT2( 16,6) RRC
OMEGA2
lB 2

NBLDI
NBLD2 Ri DATA

R 2DATA
IRSTAR

ENGNCM
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TRA NI

Name: TRANI(Y,DY,DDY)

Function: calculate transient acceleration for numerical integration

General reference: section 5.3.2

Y(? F iF F 4 'F YFZ'F s)

DDY(7 F 'F 4F F F

LEVEMl TMDATA
LEVEL2
DEBUG

OPPTR2 TRIMCM

MVXRE(3 3) BODYCM
GMTRX(3,93
TCFE(11,5)

CNTRLZ(11) P -A)A TA

QTHRTL ENGNCM
QEDAMP
KPGOVE
KPGOV1
KPGOV 2

MIOVE ENDATA
KIGOV1
KIGOV2

IBI RTR1CM
OMEGAl
NBLDI RIDATA
1B2 RTB 2CM
OMEGA2

VNBLD2 R2DATA

QRTRI(6) QR1CM
CQS1 2.v

QETfI2(6) QR 2CM
CQS2 -2C,/vqa

QWB(6~ QB]XCM
QHT(6j
QVT(6)



TRANI

DOF(7 TNDATA
OPSAS
KCSAS
KSSAS
TCSAS
TSSAS
I TERT
OPLMDA

QTRIM( 6) TRANCM
CQSTI
CQST2
IBODYI(7 ,7)
DCSAS
DSSAS
TTGOV
TlGOV
T2GOV

V 'RA N( 5) GUSTOM

VCNTRL(11) CONTCM
DVBODY( 6)
DOMEGA
D1DZF
VPILOT(5)
TGOVR 1

TGOVR2
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TRANP

Name, TRANP(TIM,IT,YNDYN,DDYN)

Function: print transient solution

General reference: section 5.3.2

Print notes:

a controls in deg
gust velocity dimensionsal
aircraft motion: 1st number dimensionless, 2nd number

dim.,ensional

1) displacement = deg, ft or m
2) velocity = deg/sec, ft/sec or n/sec
3) acceleration = deg/sec 2
4) inertial axes = deg/sec, g

d) generalized forces: moments and forces in b2C/-a form
(rotor #1 parameters, body axes);
torque in -'d Ax- form (rotor #i
parameters) f o

AANG le B E

(4I
ALIN =body =F e(x Re

TIM time (dimensionless)

IT time count

DN F ~F F '*F YF z i- )
rDN ~+F '4' F F XF Y E zF"'LEVEL2 

TMDATA

FSCALE
LSCALE
GRAV
OPRTR 2

-133-
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TRAN?[ITERT TNDATA
OPLMDA

r TSTEP
TMAX

MSTAR DODYCM
REULEP(3,3)
MVXRE(3.3)
GMTRX (3,3)
QTHRTJ ENGNCM
QEDAMP

VGWBV(3C TSTCM
VGHTV (3)r VGVTV(3)

[ V PTRA N(5,

L NBLDI RI DATA
TYPEI
TB1 RTRICM__ OMEGAI
NBLD2 R2DATA

TYPE 2

IB2 RTR 2CM

I:QRTR(6) QJUCM
CQSi 4 2C Q /- a

QRTR(6)QR 2CMrCQ$2 - 2CQ/1- a
QWB 6
QHT6

VCNTR ( Il) CONTCM
VPILOT(5)
TGOVRI
TGOVR 2[7im6 TRANCM

r CQST1

T2GOV



TRA NC

Name: TRANC(TLIM)

Function: calculate transient gust and control

General reference: section 5.3.4

TIM time (dimensionless)

VELF V/El R TMDA TA
MPSI

OMEGA reference rotor TRIMCM
RADIUS
COSPSI(36)
SINPSI( 36)
O PRTR 2

RAI(30) RTRICM
RA2(30 RTR2CM

RWB(3) BODYCM
RHT(3)
RVT(3

RFV(3,3)
RSFI (3,3)
RSF2(3 3
RH{UBI (3)
RHUB2(3)

MRA 1 Ri DATA
ROTAT1
MRA2 R2DATA

b ROTAT2

VGWBV(3) gust in wind axes GUSTCM
VGI{TV(3)
VGVTV(3)
VGRTR1(3,30,36)
VGRTR2(3 .30,36)

VGI{UB2(3)
VPTRAN(5)

OPTRAN GODATA

CMAG(5
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CONTRL

Name: CONTRL(T,PERIOD,C)

Function: calculate transient control time history

General reference: section 5.3.4

Calculates: c(t) = -Ll- cos 2 rrt/T)

T time(sec)

PERIOD period T (sec)

C nontrol C
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GUSTU

Name: GUSTU(T,PERIOD,G)

Function: calculate uniform gust time history
General reference: section 5.3.4

Calculates: G(t) 12(l - cos 2 rt/T)

T time (sec)

PERIOD period T (sec)
G gust G
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GUSTO

C Name: GUSTC(X ,L,L0,G)

Function: calculate convected gust wave shape

General. referenne: section 5.3.4

Calculates: G(x -1) - cos 2 rr(xg-L)/ )

XG distance Y (ft or M)

L wavelength L (ft or M)

LO starting position LO (ft or m)

G gust G
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PERF

Name: PERF

Function: Performance

General reference: section 5.2.1

Operating condition:
a) motion: ist number dimensionless, 2nd number dimensional

1) velocity = ft/sec or m/sec

2) dynamic pressure, q 
= lb/ft 2 or N/m2

3) weight, CW/V- l lb or N

4) body motion = deg/sec, ft/sec or m/sec

5) z = ft/sec2 or m/sec2

6) 4-' = rpm

b) body orientation and controls in deg

Circulation convergence:
a) tolerance, CG/S in C/ Q-- form
b G/E = ratio error to tolerance ( 1 1 if converged)

Motion convergence:
a) tolerance, BETA (etc) in deg
b) BETA/E (etc) = ratio error to tolerance (1 1 if converged)

Airframe performance: section 4.2.6
a) aerodynamic loads: dimensional
b) components:

i) angles in deg
2 loads, q dimensional
3 induced velocity, total velocity di.ezsionless

Gust velocity: dimensionless

System power: dimensional (HP); number in parentheses is percent total power
L A) nlimh ower =V c

c
System efficiency parameters:

a) gross weight, W = ib or N 2
b) drag-rotor = Dr = (P + Po)/ V ; Dlq-rotor = A, V

r0LlD-rotor = Dl
c) drag-total = DtotaI  Ptotal/V; D/q-total = DtAl/ V 2

L/D-total = W/Dtotl

d) figure of merit M 1i Pnonideal/Ptotal
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PERF

V EL TMDATA
!TERM
E 14C TN
ITERC
EPCIRC
A FLAP

OPRTR2 TRIMOM
GpA,
SIGMA
RADIUS
OMEGA
DENSE

VCLIMB

HMASS
NAM

NU4 ENGNCM

NEM 1 RTRlCM
NTM1

NBM 2 RTR2CM
NTM2
NGM2

VGWB(3) gust in wind axes CUSTOM
VGHT(3)
VGVT(3)

VGHUBl(33

VCNTRL("1'

PHIFT
THETFP
PSIFP
THETAT
PSIT
DVBODY( 6)
JXOMEGA
DDZF

SAVE(31) QODCM

I;-140-



PERF

LMDAW1(3) WKVICM
LMDAVI

LMDAW2 WKV2CM
LMDAH21
LMDAV2(3l

B1MS(1o) CON/CM

CONTO



PERFR I

Name: PERFFI(P,PCPP,PIPINT,FO,PN)

Function: calculate and print rotor performance

General reference: section 5.2.1

Operating condition:

Roto force s anyoin

/s z TPP pn ac -s i ao

coefiiet Cx-) oefficen/soldt =C6) diCnsoal(

°HP CP + s TPP (c

5 ¢)CP = (s )HP

Harmonics of gimbal motion: section 5.1.2

Rotor forces and motion:
shaft axes (-S), tip path plane axes (-T), wind axes (L or X)
coefficient (Cx-), coefficient/solidity (Cx6-), diwensional (X-)

Rotor power: LIDEAL = ideal (see also section 2.4.3)

P total power
PCPP climb and parasite power
PI induced power
PINT interference power
PO profile power
PN non-ideal power

OPUNIT TMDATA
VEL
MPSI
MHARM
MHARMF

DENSE TRIMCM

NAM BODYCM
NUM ENGNCM

T75 CONTCM
TIC
TIS

FZ(30,36) Fz/ac AESiCM
ALPHA(30,36)
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PERFRI

VIND(3 ,30,36) WKVICM
LAMBDA

VINT(3,30,'.6) -,int (dlue to other rotor) WKV2CM
LAMBDI)

RADIUS BiDATA
SIGMA
MBA
TYPE
NBLA DE
HINGE

MUX RTB1CM
Ml TY

OMEGA
DRA0(0)
BA (30)
Ai2FHP
PSIHP
MTIP
MAT
NBM
NTh
NGM
NUGC
NUGS

T750LD MDlOM
NU(20)
ETA(2 10) bending mod~e at tip
WT(11)

WTO

WTC

C CLS
cxS
BETA 0
BF'rAC
BETAS

C. CIRC(36)

BETA( 1,10) MNRICM
THM'L:21,5)
'3ETAG( 21)
PHI (10,16)
PSID(1O,6)
QSSTAT( jo) MNSCM
213 TAT

C. PESTAT
-1i43-



LOAD

Name: LOAD(LEVEl1,LEVEL2)
Functiont loads, vibration, and noise

Airframe vibration% section 5.2.8

Vibration point location: sections 4.1.3, 4.1.5

LEVEL1 wake analysis level for rotor #1
LEVEL2 wake analysis level for rotor #2

M}{ARIF(2) TMDATA
OPRTR2 TRIMCM
FSCALE
LSCALE
GRA V

TRATIO B DDATA
FSCG
W LOG
BLCG

NBLD1 B 1DATA
OMEGAI RTR1CM
NBLD2 R2DP.TA
OMEGA 2 RTR2CM

MVXRE(3,3) BODYOM
MSTAR
REVLER(3 ,)
VELF(3)
NAM

THETAT 00 NTCM
PSIT

PH1l (10,16) MNR1CM
PH12(10,16) MNR2CM

1. MVIB. LA DATA
FSVIB(10)
WLVIB( 10)
BLVIB( 10)
ZETA(3,10h 10)
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LCAi

K 
Name: LOADR1(LEVEL)

Function: calculate and print rotor loads

Print aerodynamics (function r and 'P):
a dimensionless quantities generally, angles in degb) induced velocity in nonrotating shaft axesc interference induced velocity is that due to other rotor

-- d gust components in velocity axes

Force/Cmean (dimensionless):
meanL/C -U 2 (c/ )cm

/- D/C u ( c/c D/c
2 mean )cd D/mean

D/C = 2 cmean )cd = M/ m an

~M/C 

= u"c

.... 
2 / t/meanC m = M/C mean

DR/a = LU 2( c/=c Drii/

,. i?_. R/O : U(C/mean)Cdradial = radial/Cmean

FZ/C =CT/s = F /C d(C /Q-j/drZ mean
Fx/C = F/c

a/ meanM/ =, MAl a/ mean
FR/C F F/

__FRT/C = 'P/c.-__ 

,' mean
Forces (dimensional)

L = section lift lb/ft or NIm
D = section drag lb/ft or N/M = section pitch moment ft-lb/ft or m-N/m2DR =section radial drag lb/ft or fim
F = F z - dT/d r lb/ft or N/m
FX 

lb/ft or N/m
MA = Ma 

ft-lb/ft or m-N/m- FR = Fr  ib/ft or N/m

"RT = F 
lb/ft or N/mr

Blade section power: section 5.2.1

CP/S = d(Cp/v-)/dr
P = section power 

HP/ft or HP/m

LEVEL level of wake analysis
OPUNIT 

TMDATA
MPSI
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DENSE TFIIMCM
DPSI
COSPSI (36)
SINPSI( 36)
TYPE RI1DATA
RADIUS
NBLA DE
O PSTLL

MBA

OMEGA RThiCM
CMEAN
RA(30)
MUX
MUY
MUZ

~c. NBM
NTh
NGM
PINTER( 36)
PBURST( 36)
ETAT(2,1C) bending mode at tip MDlCM
ETA(2,1O,30) bending mode r, 1 1 to MRA
DBV WIDATA

VGUST(3 ,30,36) GUSTOM

GAM(30 ,36) QB1 CM
CIRC( 36)

MHLOA D Li DAT"A
MALOAD[ MBLOAD
BLOAD( 20)
NPOLAB
MWKGMP
MNOISE
BANGE( io)
ELVATN (10)
AZMUTH( 10)
NPLOT(75)

SAVEM(36,78) LDM~NCM

MOTION(78) AEMNCM
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LOA DR I

S TA TE(%*3 0, 36, 3 AESlOM
DOLMAX (03
DCWDAX (0:36

DOMMAX (30,36
MEFF( 30,36,3
AEFF( 30,66,3

DCDS( 30,36)

DCMD(30,6
SVT(3036 g

VOFF(3,3,36) W~C

LAMBDA(3

LANB(3)
VOR(3 ,36)

LAMB DI

[17



LOADH1

Name: LOADHI

Function: calculate and print hub and control loads

Root loads: MCON = Cmcon/9" FHUBX = Cfx/-

MHUBX = CmX/- FHUBY - Cfy/-

MHUBZ = Cmz/l FUBZ = Cfzl7

CENT = Cf cent/-

Hub loads: FHUBH = CH/7- FHUBMX = CMX/-

FHUBY = Cy/o- FHUBMY = CM/0-

FHUBT = Cr- FHUBQ = CQ/-

-1 F e-in'i' .
Harmonic analysis: F - F. e 3 Kn I)~ 3 n

Dimensional loads:

root force D' 4 (c/R)

root moment = .AC2 5 (c/R)
hub force = N rR 4 (c/R) = (aRI2rR2

hub moment = NIS.flR 5 (c/R) = .Vl R) 2 nR3 -

MHARM TMDATA
MPSI

NBLA DE R IDATA
RADIUS
TYPE

CMEAN RTR1CM
GAMMA
OMEGA
NBM
NTM

DENSE TRIMCM
DPSI
COSPSI(36)
SINPSI(36)

MHARML LIDATA
NPLOT(75)
SENDUR(12) for hub and control loads
CMAT(12)
EXMAT(12)
KFATIG
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LOADH1

MPAERO(36) (m P/ac~ar AFC
C M X A ( 6 o a r oA F C
CMZA (6)

CFXA (36

CFRA(36

SAVEM(36,78) LDMNCM
MB INClCM
SB
I0
sQ( 2, 10)
IQA(2,1O)
I FXO

I(5
IPP 5,5)
IPO (5)
IQ0]XQ(2, 10) sumed over q

SPQ(5,10)
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LOADS1

Name: LOADSI(R)
Function: calculate and print blade section loads
General reference: sections 5.2.2, 5.2.3, 5.2.4

Azimuth loop: PHIX = B
PHIZ = B

T =

FXS-X - Cfx MXS-X = Cm/v-
FXS-R = Cfr/- MXS-Z = Cm z/,-
FXS-Z = Cfz/0 MTOR = Cm rs/w

CENT = Cf cent

B for shaft axes, P for principal axes)Harmonic analysis: F - E1 Fj -i Y

Dimensional loads:

forces (s/a) I b fi/R QR(C)
moments ( /a) Ib2 $&%Yr 5 (c/R)

R radial station r/R
MPSI 

TMDATAMHARM
DOFT(4)
DENSE 

TRTMCMDPSI
COSPSI(36)
SiNPSI(36)
TYPE 

R1DATANBLADE
RADIUS
MRA
OMEGA 

RTR10MCMEAN
GAMMA
RA(30)
DRA(30)
NBMT
NBM
NTM
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LOAIS 1

M HAHM Li DATA
SENDUR(6) for section loads
CMAT( 6)
EXMAT(6)
KFATIG
NPWOT(75)

ETA(2,1O,30) bending modes at r,, i 1 to MRA MD1CM
DEL
DEL2
DEL3
DEL4
DEL5

FXAERO(30,36) F /ac AESIOM
FZAERO(30,36) Fx/ac
MAAERO(30,36) Mz/ac
FRAERO(30,36) a .ac

BETA(21,1O) MNR1CM

MB LIYINCM

INP
SAVEM( 36, 78)



LOA DI 1

Name: LOADI1(R,Q,TB,ZR,EPR,ER)

Function: calculate inertia coefficients for section loads

General reference: sections 5.2.2, 5.2.3, 5.2.4

Blade pitch: section 2.3.5

CS = cose, SN = sine, TR (r)

w = (zOV- x° ), wP = (z o- x ), wPP = (zTi- x°-)0 00 0 0

WXI -(z-x -x )

ZR = trER = ~rEPR i'

WR (zO - x )trim WPR = (Z Xok)trim' at r

WRXC = (z o"- x 0- x R), atr

EPXIO(NBM) = ( xi) at r=

CE(NBM) -~' 0( z 0* t -X) d

CMR(MRM+i) = ( r)d

WFA = (zr- xo0), WPFA = (zo- x0)' at rFA

X = x Xk( ), xR = j(r)

R radial station r/R

Q() mean deflection qj

TR pitch em at r

ZR(5 at r

EPR(2,10) at r

ER(2, 1)) katr

DEBUG TMDATA
T75 CONTCM

EFLAP R1DATA
ELAG
XFA
RFA
ZFA
RCPL
NOPB
MRM
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LOA DlI

NBM RTR1CM
NDI
NGM
NBMT
MASS(51)
ITHETA(51)
XI(51)

0 INIST(51)

ETA(2,10,51) bending modes at r-(j-1)Ar, j= 1 to MRM+1 MDICM
ETAP( 2, 10, 51)
ETAPP( 2,10,51)
ZETA(5,51) torsion modes at r-(j-1)&, j= 1 to mRM+1
ETAPH( 2, 10)
EFA(2, 10) bending modes at r =F
EF'AP(2, io)
DELI
DEL2
DEL3
DEL4
DEL5

MB LLDNCM
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LOA DF

Name: LOADF(S,MPSI,K,SE,C,M,DAMAGE,SEQ)

Function: calculate fatigue damage

General reference: section 5.2.9

Input:

S(MPSI) vector of load S., j 1 to MPSI; dimensional

MPSI number of azimuthal stations; maximum 36

K parameter K in fatigue damage calculation

SE endurance limit SE (dimensional)

M material exponent

C material constant

S-N curve approximated by N C

(slsE  1)M

Output:

DAMAGE damage fraction per rev (only calculated if SE 0,
C > 0, and M # 0)

SEQ equivalent peak-to-peak load (only calculated if

M 01,
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LoA DM

Name: OADM(FMPSI,FMEAN,FHPP)

Function: calculate mean and half peak-to-peak

Input:

F(MPSI) load F., j = I to MPSI

MPSI number of azimuthal stations

Output:

FMEAN mean load

FHPP 2 peak-to-peak load
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GEOMPI

Name: GECMP1(LEVEI,)

Function: printer-plot of wake geometry

TlOP SIDE
II bl III ILI I18 11 121

37 -_ _ - --- -II

N
N I

M

17.1
133

BACK VERT

I

I I I

4) I

1 3:- I

-73
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GEOMPI

LEVEL wake analysi,-: .'for prescribed wake,

MPSI 2 for free wake geometry TDT

TYPE Rl1DATA

MWKGMP Li DATA
JWKGMP(8)
NWGMP( 4)

KFW Wi DATA
KDW
KNW
KIN
KRWG

KFWG Gi DATA
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POLRPP

Name: POLRPP(A,?MRA,RA,MPSI, ISUB,NPLOT,DA,NUPP)

Function: printer-plot of polar plot

[I
W - +

wIt6rL+1 3

Z*NUWE+I =--

A array to be plotted

MRA number of radial stations

RA(MRA) radial stations ri, i = i to MRA

MPSI number of azimuthal stations AT. = j A',
j = I to MPSI, -+= 360/MPSI 0

ISUB first dimension of array A; positive if first subscript

NPLOT n; data plotted every n-th step

DA plot increment: last digit of integer part of
A/DA is plotted (if multiple of NPLOT)

NUPP unit number for printed output
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HISTPP

Name: HISTPP(A,MRA,RA.MPSIISUB,NPLOT,NAME,NUPP)

Function: printer-plot of azimuthal time history

let c = minimum, d = maximum values over azimuth
1) d > 0, c < -. 03d or c .0, d >.031cI

use b = [max(d, i c) S __ _ __ _ __ _,°_

+ma-b o ,

2) d > 21c1 , c >-.03d

use b -- [d°

3) c<-21d, d<.03c

use b [ [Ic 13,_ _,°__,o.,

4) otherwise, use mean = [!(c+d)1
and b - max( mean-c , d-mean 

!04 ,01

mean = AM = KM* 10**NM
b = B = K* O**N

Nto convert F to K*1O (K I to 9)

a) if F = 0, then F = .99
b) N [log IFJI

if F <1., then N= N-i
___ 

c) K [IF,/10**Nl + 1

if K = 10, then N N+ land K 1

if F< 0, then K=-K
Iq

d) F = K *1O**N
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HISTPP

A array to be plotted

MRA secondary variable: number of values (minimum 1)

RA(MRA) secondary variable: values r , i = 1 to MRA;
alphanumeric labels if NPLOT T 0; not used if
MRA EQ 1

MPSI number of azimuthal stations '. = j&T , j = 1 to MPSI,
C = 360/MPSI

ISUB first dimension of array A; positive if first subscript
is ri, negative if first subscript is N~.

NPLOT number of values of secondary variable per plot;
minimum I and maximum 3; negative for alphanumeric
labels; not used if MRA EQ 1

NAME name of secondary variable, 4 characters; not used
if MRA EQ I

NUPP unit number for printed output
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NOISR!

Name: NOISRI(RANGE,ELVATN,AZMUTH)

Function: calculate and print far field rotational noise

General reference: section 5.2.10

Calculate constants: CSTR = cos /(i - Mr )

FT = -N3 n 2 s/4-m . ( I -M ) 2

FD - N2/4w-T. N - Mr )FL = -N2-asin r /4-ic s -, (l - M r)2
FR =-N2flcOSZr /4-cSv-(i Mr)212 F N11cosLIcs(1 - Mr )

FS = 
1 e-in-'Ij

Harmonic analysis of loads: F <-F- eF3 Ken S= n f

RANGE range s (dimensional)
ELVATN elevation e (deg)AZMUTH azimuth- %u° °(deg)

MPSI TMDATA
OPUNIT
DPSI TRIMCM

DENSE
CSOUND
cosPSI(36
SINPSI(36)

OMEGA RTR1CM
CMEAN
MUX
MUY
MUZ
RA(30)
DRA(30)
NBLADE R1DATA
CHORD(30)
SIGMA
RADIUS
MRA
TYPE

AXS(30) A xs/c 2  LiDATA
OPNOIS (4 

XMHARMN 3
MTIMEN(3)

-161-



NOISR1

FXA 30,36 FacAESICM

FZA 30,36 F /ac
FRA(30,36 F~ac

BETAC QR I1CM
BETAS
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BESSEL

Name: BESSEL(NB,XB,BJ)

Function: calculate J Bessel function

Input:

NB order of Bessel function, n

XB argument of Bessel function, x

Output:

BJ Bessel function Jn(x)
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RAMF

Name: RAMF(LEVELI,LEVEL2,OPLMDA)

Function: calculate rotor/airframe periodic motion and forces

General reference: section 5A.13

Test motion convergence: section ".1.4
Test circulation convergence: section 5.1.12

LEVEL integer parameter specifying rotor #1 and rotor #2
LEVEL2 wake analysis: 0 for uniform inflow, . or 2 for

nonuniform inflow

CFLMDA integer parameter: 0 to suppress inflow update

MPSI TMDATA
MHARM(2)
MHARMF(2)
ITE73M
EPMCTN
I TEIRC

EPCIRC
DEBUG
MREV
MPSIR

o PRT 2 TRIMCM
NAM BODYCM
ND 74 ENGNCM

CMEAN1 RTR1CM
NBMI
NTM1
NGM1
CMEAN2 RTR2CM
NBM2
NTW2

NGM2

B1(21,10) MNRICM
T1(21,5)
BG1(21)
P-(loi6)
Psi(i0,6)
B2(21, 10) MNR2CM
T2(?1,5)
BG2( 21)
P2(10,16)
Ps2(,,o,6)
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BlMS( 10) COMP

CI; C1(36) QRICM

OMYl
CIRC2(36) J2C
CT2
CMX
-CMY2

SIGMAI R2DATASIGMA2 Hi flATA

I15



MODE1

Name: MODEl

K Function: blade modes

T?5OIJD MD1CM
NBMOLD
NMOLD

DEBUG VMDATA

HINGE RI1DATA
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MODECI

Name: MODECI

Function: initialize blade mode parameters

Linearly interpolate data for bending mode calculation: section 2.3.1
Tip mass: section 2.2.19
Evaluate centrifugal force for bending mode calculation: section 2.3.1

CENT = K d

Linearly interpolate data for torsion mode calculation: section 2.3.3
Evaluate pitch inertia and control system stiffness: sections 2.2.9,5.1.3

MRB RIDATA
MTIP
XITIP
EFLAP
ELAG
RFA
RADIUS
MRM
FTO
FTC
FTR
WTIN
VTIPN
KTOI
KTCI
KTRI
MRI
RI(51)
XI(51)XC(50)
KP2(51)
MASS(51)
ITHETA(51)

EIXX(51)
EIZZ(51)
TWIST(51)

DEBUG TMDATA
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MO DEC 1

IB RTRlCM
CMEGA

EIXXB(51)
EIZZB (51)
MASSB (51)
'rWISTB(51)
CENT(51)
IT{ETB( 51)
GJB(51j'
MASSIC 51)
ITHETI( 51)

XCI( 51)
TWISTI( 51)
KP21(51)
IPITCH
KTO
KTC
KTR
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MODEBi

Name: MODEBI

Function: calculate blade bending modes

General reference: section 2.3.1

Blade pitch: section 2.3.5
Calculate: ] I ,. / 3 Yc%4.'

C

B =

C,

Normalize eigenvector solutions using Galerkin modes from last call,
which was at r = 1

T?5 CONTCM
DEBUG TMDATA

NOPB RiDATA
RCPL
KFLAP
KLAG
EFLAP
ELAG
RADIUS
R CPLS
TSPRNG
RFA
RPB
NCUL
MRB
NONROT
HINGE
MRA

RROOT
MRM

NU(20) MD1CM
NUNR(2o)
ETA( 2, 10,96)
ETAP(2,10,96)
ETAPP( 2,10,96)
ETAPH( 2,10)

-169-

0 _,_



MO DEB I

MASS(51) inertial and structural data at RTR1CM
EIXX(513  r e+(j-1),&r, r 1 to MRB+1
SEIzz(51)

TWIST(51)
CENT(51)
OMEGA
NBM
RA(30)
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MODEG

Name: MODEG(R,EFLAP.ELAG,NCOLB,HINGE,F,DF,DDF)

Functions calculate Galerkin functions for bending modes
General reference: sertion 2.3.1

R radial station r/R

EFLAP flap hinge offset ef/R

ELAG lag hinge offset el/R

NCOLB number of functions

HINGE integer para:reter: 0 for hinged blade, 1 for
cantilever blade

F(NCOLB) Galerkin functions fi

DF(NCOLB) Galerkin functions fl

DDF(NCOLB) Galerkin functions f i
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MODEAl

Name: MODEAi

Function: calculate ariiculated blade flap and lag modes

General reference: section 2.3,2

Calculate: F S_1m dr, G = dr

DEBUG TMDATA

MRB RIDATA
EFLAP
ELAG
KFLAP
KLAG
RADIUS
MRM
RFA
RPB
MRA
RROOT

RA(30) RTRiCM
OMEGA
NBM
MASS(51) section mass at r e+(j-l)& r, j I to MRB+1

NJ(20) MD1CM
NJNR(20)
ETA(2,10,96)
ETAP( 2, 10,96)
ETAPP(2, 10,96)
ETAPH(2, 10)
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MODET.

Name: MODETI

Function: calculate blade torsion modes

General reference: section 2.3.3
Evaluate Galerkin functions at r: x ITr(r - rFA)/(1 - rFA)

Calct late: ! Lr

A= 0
B V.

CA: Normalize eigenvector solution: using Galerkin functions from last

iteration, which was at r

DEBUG TMDATA

MRB R I DATA
RFA

RADIUSI MRM
NCOLT
MRA

IPITCH RTRICM
KTO
KTC

, KTR
OMETA

j. NTM
RA(30)
ITHETA(51) Ie at r = r FA(J-i Ar, j I to MRB+1GJ(51) GJ at r =r +(j-1) &r . I to .n B+!

WT(11) MD1CM
WTO
WTC
WTR
ZETA(5,92)
ZETAP(5,92)
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MO tEKI

Name: MODEKI

Function: calculate kinematic pitch-bending coupling

General reference: section 2.3.4

DEBUG ThDATA
T75 00 NTCM

PHIPL Rl1DATA
.HIPH
H PH
RFPB
XPH
KPIN
DEL3G
ATANKP( 10)

ETA(2,10) benkding modes at r PBMD1CM
ETAP(2 io)
ICPB(105
KPG

NBM RTR1CM



MODEDI

Name: MODEDI

Function: calculate blade root geometry

General reference: section 2.2.1

K * DEBUG TMDATA
, T75 CONTCM

CONE RIDATA
DROOP
SWEEP
FDROOP

iK FSWEEP

DELI MD1CM
DEL2
DEL3
DEL4
DEL5

1 "

F,,
+ ! -175-



Name: INRTCI

Function: calculate blade inertia coefficients

General reference: section 2.2.19q

Blade pitch: section 2.3.5
Calculate: CS(r4RM+1) =cos; -, SN(MRM+1) =sin;;-

CM(MRM+1)

CMR(MRM+1) = S
CMRR(MRM+l) = z

CXIM(MRN+1) =~~~

CXIPM(MRM+l) Sir Ix Q G- "c

DEM(NBM,MRM+l)= -\q "

DERM(NBM,MRM-1) = L

CEPEP(NBM,NBMT,MRM-1) = S '

X(2,NTM,NBMT,MRM+) X kj

a) X = r I'.

b) XH =

c) x = Ikj for k; 1 andkO0

XCFA =xCat r FA
X = v n+

XIE =xIat e

KP2T.4P k~ 2

DEBUG TMDATA
T75 CONTOM

MRM Rl1DATA
NOPB
B CPL

ZFA
XFA
ELAG

-176-



I NRrC 1

RADIUS Hi DATA

MBLADE
MRA
EFLAP

IB P.Tp 1CM
N.BM
NTM
NGM
NBMT
RA(30)
IPITCH
MASS(51) inertial data at r= j-Y.,j 1 to MRM+1

ITHETA(51)
XI( 51)
xc( 51)
KP2( 51)
TWIST( 51)

ETA(2,10,51) bending modes at r (j-1),br, j I to MRM+1

ETAP( 2, 10, 51)
ETAPP( 2,10, 51)
ZETA(5,51) torsion modes at r =(j-1)Ar, j 1 to MRM+1

ZETAP(5,51)
EFA( 2, 10)
EFAP(2,10) bending modes at rA
ETAPH(2,10) F
DEMl
DEL2
DEL3
DgLL4
DEL5

MB INC 1CM

XAPQ(2,5,4,30)
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MODEPI

Name: MODEPi

Function: print blade modes

TYPE Rl1DATA
HINGE
NCOLB
NONROT
NOOLT
RCPL
EFLAP
ELAG
KFLAP
KLAG
RCPLS
TSPRNG
RADIUS

OM4EGA RTRICM
NBM
NTM
NGM
NUGC
NUGS
KTO
KTC
KTR
IB

MB I NClCM
SB
I0
IP(5)
T750LD MD1CM
NU(20)
NUNR( 20)
ETA(2,10,11) bending modes at r =(j-1).1, j =1 to 11
ETAP( 2, 10, 11)
ETA PP( 2, 10, 11)
WT( 11)
WT0
W TC
WTR
ZETA(5,11) torsion modes at r =(j-1).1, j 1 to 11
ZETAP(5,11)
ETAPH (2,10)
KPB(10)
KPG
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MODE? 1

DELI MDICMFDEL2
DEL3
DEL4
DEL5

K -179-



BODYC

Name: BODYC

Function: initialize airframe parameters at trim

Wind tunnel trim case: section 43
L, IV. with rotations: sections 4.1.3, 4.1.5

Free flight trim case: section 4.1.1
Calculate R : section 4.2.1
Calculate R I*ReI -M*('x)R e, G, (x )Re k section 4.2.4

ULU e e ee F

Airframe gust velocity in body axes: section 4.1.4

THETFT CONTCM
PHIFT
PSIFP
THETFP
THETAT
PSIT

DEBUG TMDATA
VEL
OPTRIM

MSTAR BODYCM
MSTARG
ISTAR(3,3)
RSF10(3,3)
RSF20(3,3)
RHUBiO(3)
RHUB20(3)
RWBO(3)
RHTO(3)
RVTO(3)
ROFFO(3)
RSF1(3,3)

RHUB1(3
RUB2(3
RWB(3)
RHT(3)
RVT(3)
ROFF(3)
VXREKF(3)
MVXRE(3,3)
GMTRX(3,3)
IBODY(3.3)
REULER(3,3)
RFV(3,3)
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BO DYC

RFE;(3,3) BODYOM
-I KEN3

VE;LF( 3)
VCLIMB

- VSIDE

VGWBV 3) GUSTCM

VGHTF (3)

VGVTF (3)

VGTF3



ENGNC

Name: ENGNC

Function: initialize drive train parameters at trim

Engine damping: section 4.3.1
Drive system inertia: section 5.3
Drive system sprin ing, mass matrices: section 5.19
Drive system static elastic matrix: section 5.1.10
Calculate CV : section 5.1.5
Calculate CD: section 5.1.9

DEBUG TMDATA
OPENGN

OPRTR2 TRIMCM
NBLDI RIDATA
NBLD2 R2DATA

IBI RTR1CM
OMEGA 1
GAMMA1
CDI(2)
CPSI1(2)
IB2 RTR2CM
OMEGA2
GAMMA2
CD2(2)
CPSI2(2)

I01 INC1CM
QTI
QDZ1

102 INC2CM
QT2
QDZ2

CQS1 -'2C Q/v-a QR1CM

,'(-~ - - / V

KIGOVE ENDATA
KIGOVi
KIGOV2
GSE
GSI
KEDAMP
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ENGNC'QTHRTh ENGNCM
IMNG
KMI 2
KM12
KME
KE
K POOV
K:POOVE
KPGOV2
TiGOVE
TIGOVE
TlGOV1T1GOV 2
M2OVE
T2GOV2
TEDAMP
IRS AR
MENG(6,6
SENG ( 66)
DENG (6,6)

HENGO( 2,2)
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MOTNC1

Name: MOTNCI

Function: initialize rotor parameters at trim

Calculate kp ' M sections 2.4.2, 4.1.2
HP' at:

Calculate RG: section 4.1.4

Rotor gust velocity in shaft axes: section 4.1.4
Calculate c, U: section 4.2.2

Calculate cT: section 4.2.5
Calculate / x  y, rz: section 4.1.2

DEBUG TMDATA
MPSI

NSCALE TRIMCM
ISCALE
FSCALE
LSCALE

IB RTR1CM
OMEGA
MTIP
MUX
MUY
MUZ
ALFHP
PSTHP
MAT
RGUST(3,3)
CHUB(6,16)

CBHUB(3,3)
CHUBT( 16,6)

ROTATE RDATA
NBLADE
RADIUS
MRA

NEM BDDATA

DVLODY(6) CONTCM

VGUSTV(3,30,36) gust at rotor disk, velocity axes GUSTCM
VGUSTS(3,30,36) gust at rotor disk, shaft axes
VGUSTH(3) gust at rotor hub, velocity axes

-U -18- ,----
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MOTNO 1

VELF(3) BODYCM
RFV(3,3)
REULER(3,3)
RSF (3,3)
RHUB(3
AMODE( 6, 10)
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BODYMI

Name: BODYMI

Function: calculate airframe transfer function matrix

General reference: section 5.1.8

DEBUG TMDATA
DOF(16) airframe degrees of freedom
MHARMF

FSCALE TRIMCM

NBLADE RiDATA

OMEGA RTRICM
DPSI21 .&I (rad); 0. for rotor #1
C-UBT(16,6)

AMASS(IO) BODYCM
ADAMPS(1o)

ASPRNG( 10
ADAMPA(10
IBODY(3,3
MVXREQ 3,3
GMTRX(3,3)
MSTAR
NAM

HBODY(16,6, 10) RH1CM
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ENGNMI

Name: ENGNM1

Function: calculate drive train transfer function matrix

General reference: section 5.1.9

DEBUG TMDATA
MKARMF
DOF(6) drive train degrees of freedom

FSCALE TRIMCM

NBLADE R1DATA

OMEGA RTRICM
DPST21 A412 , (rad); 0. for rotor #1
CD(2)

MENG(6,6) rNGNCM
SENG(6,6)
DENG(6,6)
NL!1

HENG (6,10) RHICM
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WAKEUJ

Name: WAKEU1

Function: calculate uniform wake-induced velocity

General reference: section 2.4.3

Lagged thrust and moment: sect-on 5.1.12
Vectors for aerodynamic interference: section 4.2.6
Interference induced velocity: section 4.2.6

DEBUG TMDATA

OPGRND
HAGL
MPSI

DPSI TRIMCM
COSPSI(363
SINPSI(36)
LSCALE
FSCALE

MRA RIDATA
RADIUS
ROTATE
FACTOR
KHLMDA
KFLMDA
FXLMDA
FYLMDA
FMLMDA
KINTH
K INTF
K1NTWB
KINTHT
KINTVT
INFLOw( 6)

RA(30) RTR1CM
OMEGA
MUX
MUY
MUZ

MRAO R2DATA
RADUSO
OMEGAO RTR2CM

RSF(3,3) BODYCM
RHUB(3)
RWB(3)
RHT(3)
RVT(3)
KE(3)
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WAKEU1

CT c T QRICM
0lMY CM
CMX CM x
C IOLD WKICM
CMXOLD
OMYOLD
VIND(3 ,30,36)
LAMBDA
FGE
COSE
ZAGL
VINT(3,3o,36)
LAMBDI
LAMB N (3)
LAMBDH(3)

N LAT4BDV (3
LAMBtO (3
EINTW( 3
EINTH(3
E.N1Y(3)
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WAIENI

Name: WAKENI (LEVEL)

Function: calculate non-uniform wake induced velocity

General reference: section 3.1.4
Calculate RTF: section 3.1.3

R = RRsF

R (R) roR T
21 SF other rotorTF

Lagged circulation: section 5.1.12
Interpolate induced velocity: linear interpolation between inflow

points, constant beyond first or last
point

Calculate mean induced velocity: TPP normal component, area-weighted mean

LEVEL rotor wake level: 0 for uniform inflow (only
replace old circulation)

DEBUG ThDATA

MPSI

DPSI TRIMCM

MRA RIDATA
ROTATE
INFLOW(6)

RA(30) TRhICM
DRA(30)
DP21M (tad); 0. for rotor M
DPSI21 P (rad); -i4, for rc tor #2

MRAO other rotor R2DATA
ROTATO
RAO(30) RTR2CM
DRAO(30)

NG(30) W2DA TA
MRG
NL(.,O)
MRL
FACTR
OPVXVY
KNW
OPRTS

NLO(30) other rotor W 2DATA
MRLO

RRSF(3,3) BODYCM
RSFO(3,3) other rotor
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WAKEN 1

GAM (30,36) QR 1CM
CRC (36)
BETAC
BETAS

FBETACO other rotor 0R204

BETASO

GAMOLD(30 .36) WKVICM
CRCOLD( 36)
VIND(3 ,30,36)
LAM4BDA
VINT(3 ,30, 36)
VORH(3,36)
LAMBDI
VWB(3,36)

VVT(3,365
VOFF( 3,36)
LAMBN 3I LAMBDII 3
J-AMBDV 3
LAMBWO 3

MR WKCICM
ML
MI

MH
MV

C(3,20000)
CNW(3 .20000)



INRTM1

Name: INRTM1

Function: calculate rotor transfer function matrix

General reference: section 5.1.6

Aerodynamic spring and damping: section 2.2.20

DEBUG TMDATA
DOF(15) rotor bending and torsion degrees of freedom
DOFT(4)
M PSI
MHARM

RA(30) RTRICM
DRA(30)
CMEAN
MUZ
NUGC
NUGS
CGC
CGS
GLAG
CTO
CTC
CTR
NBM
NTM
NGM
NBMT
GAMA

KEPSI(21,36) TRIMCM
HRTR(16,16,21) RH1CM
CT CTP QRICM
LAMBDA WKVICM

BETA(21,10) MNRICM
THETA( 21,5)
BETAG( 21)

FORCE(16,36) AEF1CM

NBLADE RDATA
GSB(10)
GST(5)
MRA
CHORD(30)
SIGMA
XA(30)
XAC(30)
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NU(20) INTRMj

KTPH(,0 MDICM

AETA(2,1o,3) bending modes at r I lto IIRA
AZEA(53o) torsion modes at r': 1 to MRA

WT( 11)
WTO
WTC

;APF, 2,5 4 30) I~O

MC-O~~
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INRTI

Name: INRTI(MX,HKEP,LMINV,MMINV)

Function: calculate inverse of transfer function matrix

MX dimension of H
n

H(MX*MX) complex matrix H to be invertedn
KEEP(MX) integer vector designating degrees of freedom

to be retained; 0 for unused degrees of freedom

LMINV(MX+I) scratch vector

MMINV(MX+1) coratch vector
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MOTNH1

Name: MOTNH1

Function: calculate harmonics of hub motion

[ General reference: se~ctions 5.1.5, 5.1.11
DEBUG TDT

MI{ARM

MHARMF

GRAV TRIMCM

RADIUS RIDA~TA
ROTATE
NBLAIE
OPHVIB(3)
OMEGA RTRICM
cHuB(6,.16)
CBHUB(3,3)

L CPSI(2)
DPS121 2.(rad); 0. for rotor#1

KMASTC 1O BODYCM

RSF(3,3)
KE( 3
NAM
NDM ENGNCM
DVBODY( 6) CONTOM
DOMEGA

QSSTAT( io) MNSCM
PISTAI

PHi(io,16~ MNRI1M

THTG(10)

PHIO(10,16 (due to other rotor) MRC

THTGO( 10)

ALF(lo,6) MHH1CM

DFSISO
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MOTNR I

Name: MOTNRI(JSTART)

Function: calculate harmonics of rotor motion

General reference: sections 5.1.6, 5.1.13

Lag damper moment: section 2.2.!6
Calculate coning and tip-path plane tilt: section 3.1.3
Calculate hub reactions: section 5.1.7

JSTART azimuth index jstart

MPSI TMDATA
MPSIR
DEBUG
MHARM
MHARMF
DOFT(4)

NIBLADE I1DATA
GAMMA IITR1CM
NBM
NTM
NGM
NBMT
GLAG
MLD
DZLD
CGC
CGS
NUGS
NUGC

KPB( 10) M DCM
KPG
ETAPH( 2,10)
ETATIP(2,10) bending mode at r = 1

BO QRICM
BC
BS

BETA(21 ,io) MNRICM
THETA(21,5)
BETAG( 21)

DPSI TRIMCM
COSPSI(36)
SINPSI(36)
KEFSI(21,36)

HRTR(16,16,21) RHICM
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MOTNR 1

FORCE(16,36) AEFICM
FHUB(6,36)
TOflQ1J( 36
SAVE(36, 20)

Q(10) AEMNOM

MB INCICM
SB
I0
IQ(io)
SQ( 2, 10)
IQA( 2110)
IQO1)
IFXO
IMXO
Ip( 5)
IPP(5 5)
IPO (5)
YAPQ(2,5 14 30)
MQDQ(10, 10)

MPP(5,5)
IQN)(10,10) summed over q

;N5,10
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MOTNBI

Name: MOTNBI(Psl)

Function: calculate blade and hub motion

General reference: section 5.1.5

Rigid pitch Pr: section 5.1.3

PSI

Q(10) AEMNCM

;TT

MHARM 'TDATA
MI{ARFM

NBLA DE RiDATA
NBM HTR1CM
NTM
NGM

KEB(1O) MDICM
KPG

T75 CONTOM
TIC
T1S

BETA(21,1O) MNR 1CM
THETA( 21,5)
BETAG( 21)

AL(io,6) MNH10M

DPS ISO
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AEROFI

Name: AEROF1(JPSI,QT,MQ,MP,CMX,CMZ,CFX,CFZ,CFR)

Function: calculate blade aerodynamic forces

Calculate XAP = XAk: section 2.2.19

Section velocity components: section 2.4.2

Calculate U, M, +, c-: section 2.4.1

4 in rad, civ in deg

Calculate bic/V: section 2.4.7
Calculate cos-A-: section 2.4.6

REVFLW = 1 if just crossed reverse flow boundary

Tip loss correction: section 2.4.5
Section forces and pitch moment: section 2.4.1

FZ = Fz/acm, FX = F/acm, FR = F/acm, MA = Ma/acm

Circulation: section 2.4.9
Unsteady lift, moment, and circulation: sections 2.4.8, 2.4.9

LUS = Lus/ac, MUS = Mu/aC, Gus = rus/ac

Maximum circulation outboard rGmax: section 3.1.4

JPSI azimuth index j

QT(4) qjtrim

MQ(i0) Mqkaero/aC

MP(5) Mpkaero/ac

CMX Cmx/-a

CMZ Cmz/q-a

CFX Cfx/- a

CFZ Cf z a

CFR Cf v-a

Q(10) AEMNCMN(Io)DDQ(10)

P(5)
DP( 5)
DDP(5)
BG
DBG
DDBG
AHUB(6)
DAHUB(6)
DDAHUB(6)
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AEROF1

PS AEMNCM
DPS
DDS

DEBUG IM'DATA
MPSI

DPSI TRIMOM
FSCALE
COSPSI (56)
SINPSI (36)
MRA R 1 ArA
CHORD( 30)
TWIST( 30)
THETZL(0)
XA (30)
XAC(30)
13GMAX
RFA
XFA
OPUSLD

RA(30) RTh1CM
DRA(30)
MTIP
OMEGA
CMIEAN
FTIP(30)
MUX
MUY
MUZ
NBM
NTM
NBMT
RGUST(3 ,3
Club- (0 10)

XAPQ(2,4,5,30) INC1CM

Tf75 CONTC14
DvBoDY(6)

VIND(3,30,36) WKVICM

VINT(3,30,36) interference velocity from other rotor WKV2CM

GAM(30,36) QR1CM
CIRC(36)

SAVE(30,36, 19) AES 1CM

VGUST(3,30,36) gust at rotor disk, shaft axes GUSTCM
VGLJSTH(3) gust at rotor hub, velocity axes
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AEROFI
ETA(2,10,3o) bending modes at ri, i 1 to MRA MDICMETAP(2,1o,36)
ETAPP( 2r10,20)
ZETA(5,30) torsion modes at ri, i =1 to MRA
ZETAP(5,30)i
DEMl
DEL2
DEL3
DELA
DEL5
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AEROSI

Name: AEROSI(ALPHA,DALPHA,COSYAW,MACH,JPSI,IR,REVFLW,CL,CD,CM,CDR,OPTION)

Function: calculate blade section aerodynamic coefficients

Corrected Mach number: section 2.4.5
Stall model, delayed c-: section 2.4.7
Yawed flow, effective cx: section 2.4.6
Calculate 2-D airfoil characteristics at effective o and M: section 2.4.7
Section characteristics corrected for yawed flow and stall delay:

sections 2.4.6, 2.4.7
Dynamic stall vortex loads: section 2.4.?

ALPHA angle of attack c0< (deg)

DALPHA C c/V

COSYAW cos -A.

MACH Mach number M

JPSI azimuth index j

IR radial station index i

REVFLW integer parameter: I if just crossed reverse flow
boundary

CL cQ

CD cd

CM cm

CDR cdradial

OPTION integer parameter: 0 for derivatives of coefficients
in flutter analysis (no dynamic stall vortex loads,
and calculated data not saved)

STATE(30,36,3) AES1CM
1nnT M A V ')A 36

DCDMAX(30,36)
DCMMAX(30,36)
MEFF(30,36,3)
AEFF(30,36,3)
DCLDS(30,36)
DCDDS(30,36
DCMDS(30,36)

MRA RIDATA
MCORRL(30)
MCORRD(30)
MCORRM(30)
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TAUL 
AEROS1

TAUD Rl1DATA
TAUM
A DELA Y
AMAXNS
PSIDSO()
ALF]D(3)
ALFRED )
CLDSP
CDDISP

OPYAW
o FSTL
OPCOMP

DEBUG TM DATA
MPSI

2



AEROTi

Name: AEROTI(ALPHA,MACHRADIAL,OPTIONCLCDCM)

Function: interpolate airfoil tables

General reference: section 2.4.4
ALPHA angle of attack ot (deg)
MACH Mach number M

RADIAL radial station r/R
CPTICN integer parameter: if 1 calculate cS, if 2 calculate

cdo if 3 calculate c , if 4 calculate all three coefficients
CL c 92D

C D " d2D

CM cm2 D

NAB
i A ( 2 0 )A 1 'rAB L

iiA( 20)
A(20)
NMB
NM(20)
M(20)
NRB
R(11)
CLT(5000)
CDT(5000)
CMT(5000)
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BODYV1

Name: BODYVI

Function: calculate harmonics of airframe motion

General reference: section 5.1.8

DEBUG TMDATA
MPSI
MHARMF

NBLADE RiDATA

NAM BODYCO

HBODY(16,6,l0) RHICM

FHUB(6,36) AEFICM

PHI(1O,16) MNRICM

KEPSI( 21,36) TRIMCM

-205-



ENGNV 1

Name: ENGNVI

Function: calculate harmonics of drive train motion

General reference: section 5.1.9

V DEBUG TIIDATA
MHARMF
MPSI

NBLA ]E Ri DATA

NDM ENGNOM

TORQUE( 36) AEF1OM

PSID(1Q,6) MNR1CM

HENG(6, 10) RH1OM

KEPSI(21 ,36) TRIMOM
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MOTNF1

Name: MOTNF1

Function: calculate rotor generalized forces

General reference: section 5.1.7

CL/r- and CX/c- for trim: section 5.2.1

DEBUG TMDATA

MPSI

SIGMA RJiATA

GAMMA RTRICM
MUX
MUY
MUZ
CHUBT(16,6)

FHUB(6,36) AEF1CM

FHuBM(6) QR1CM
QJTR(6)
CLS
CXS
CTS
CYS
CPS
CT
CMX
CMY
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MOTNS

Name: MOTHS

Function: cal3;Ilate static elastic motion

General reference: section 5.1.10

DEBUG VIDATA
1OA 6) airframe degrees of freedom

!XDFD(6) di'ive train degrees of freedom

C PRTfl2 TRIMCM

CHUJBTI( 16,6) RTR1CM
CHUBT2( 16,6) RTh2CM

DDALF1 (6) MN{1 CM
DDALF2(6) MNH2CM

FHUBM1(6) Q.R1CM
FHUBM2( 6) QJR2CM

ASPRNG(1O) BODYOM
A OTwL(4, 10)
NAM

HENGO(2,2) ENGNCM
N UN

DELF CONTCM
DELE
DELA
DELR

14BI INC1CM
M4B 2 INC2CM

QSSTAT( io) MNSCM
P ISTA T
PES TAT
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BODYF

Name: BODYF(LEVELI ,LEVEL2)

Furnctiont calculate airframe generalized forcesI, General reference: section 4I.2.6

LEVEL1 wake level for rotor #1 and rotor #2t 0 for
LEVEL2 uniform inflow

DKBI TG TMDATA
MPSI
AFLAP

GAMMA reference rotor TRIMCM
SIGMA
RADIUS
OMEGA
OPRTR2 

ONCVBODY(3) C. F F ;F~) ~N
WBODY(3) ('~ , F~

DELF
DELE
DELA
DELR
DDZF

CANTHT B DDATA
CANTVT

REULjER(3,3) BODYOM
RWB (3)
RHT(3)
RVT (3)
VELF( 3)
qwB(6') Q.DCM
qivT 6)
QVT(6)
SAVE(31)

VIW13:6} WKV1CM

LMDAW1 (3)
LMDAV1(3)
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BO DYF

VIW2(3,36) WKV2CM
VIH2(3,36
VIV2(3,36
LMDAW2(3)
LMDAH2 (3)
LMDAV2(3)

Gw (3) gust in F axes GUSTCM
G HT(3)
GVT(3)
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BODYA

Name: BODYA(VWB,VHT,VVTIWWB,AFLAPDELF,DELEJDELA,DELR,DAWB,
FWB ,MWB ,FHT,FVT,ANGLES)

Function: c&lculate body aerodynamic forces

qeneral reference: section 4.2.6

VWB(3) velocity (u, v, w) at wing-body, horizontal tail,
VI{T(3) and vertical tail; F axes; ft/sec or r/sec
VVT( ')
WWB(3) angular velocity (p, q, r); rad/sec

AFLAP flap angle 8 F (deg)

DELF flaperon control Sf (rad)

DELE elevator control 6 (rad)

DELA aileron control &a (rad)

DELR rudder control Sr (rad)

DAWB (rad/sec)
2 2

FWB(3) (D/q, Y/q, L/q) WB; ft or m

MWB(5) (M/q, Mj/q, M z/q)WB; ft3 or m

FHT(2) (D/q, L/q),~ ft or2
k jT ft2 orm2

FVT(2) (D/q, L/q) VT ft or m

ANGLES3(6) (": W W-B' HT' VT' E, deg

CANTHT B DDATA
CANTVT

LFTAW BA DATA

OPTINT
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WAKECI

Name: WAKECI(LEVEL)

Function: calculate influence coefficients for nonuniform inflow

General reference: sections 3.1.3, 3.1.4

Calculate h for axisymmetric wake: section 3.1.6
Ground effect parameters: sections 2.4.3, 3.1.5
Calculate first blade/vortex intersection age and core bursting

age: section 3.1.7
Wake age loop:

LANDJ = I)*MR *MPSI + j

JTEMJ =  jte- j

Burst/unburst core radius: section 3.1.7
Axisymmetric far wake: section 3.1.6
Complete C and CNW for axisymmetric geometry: section 3.1.6

LEVEL wake analysis: 0 for uniform inflow, 1 for
prescribed wake, 2 for free wake geometry

NBLADE R1DATA
RADIUS
ROTATE
RRCOT
CHORD(30)
MRA
INLWw(6)

ROTATO other rotor R2DATA
RADUSO

OMEGA RTR 1CM
CMEA N
RA(30)
PINTER(36)
PBURST(36)
DPSI21 Az, (tad); - +, for rotor #2

OMEGAO other rotor RTR2CM

BETAC QR LCM
BETAS
BETASO QR 2CM
BETASO

MPSI TMDATA
DEBUG
DEBUGV debug print control for VTXL and VTXS
OPGRND
HAGL
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WAKECI
DPSI
LSCALE 

TRIMCM
FSCALE

RWB(3)
H HT( 

BODYCM
RVT(3)
RHUB(3)
RH!.JBO(3) other rotor
ROFF(3)
RSF(3 ,3)
RSF'O(3,3) other rotor
KE(3)
RFE(3,3)
K 2T 

GCMUTPP(3) GC

KNW

KR WI DATAKFW

H RU
FRU
PRU
FNW
DVS
DLS
CORE(5
OPCORE( 2)
WKMODJ( 13)
OPNWS( 2)

o PHW
OPRTS
VE1LB
DPHIB
DBV
QDEBUG
MRG
NG( 3)
MHL
NL(30)

MRLO other rotor 
WDT
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WAKECI

MR WKClCM
ML
MI
MW
MH
MV
MO
C(3,20000)
CNW(3,20000)
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WAKEB1

Name: WAKEBI(P3I,OPTICN,RBR,RBT,RB)

F,-i.tion: calculate blade position

General reference: section 3.1.3

PSI y (rad)

OPTION integer parameter controlling calculation of r
if 1, at r R Tand 1; if 2, at circulation sja~ons;
if 3, at IN o.w stations

RBR(3) rb at rR00T

RBT(3) rb at tip (r = 1)

RB(3,30) rb at inflow or circulation stations

MPSI TMDATA
MHARMF
MHARM

RFA RiDATA
ZFA
XFA
NBLADE
RROCT

NBM RTRiCM
RA(30)

OPdKBP(3) WiDATA
MRG
NG(30)
MRL
NL(30)

BETA( 21,10) MNR1 CM

BETAG( 21)

PSIS(io) M. .
PSISO

ETA(2,10,30) bending modes at ri , i I to MRA MDICM
ETAR(2,10) bending modes at r
ETAT(2,10) bending modes at tfr = )
DELI
DEL2
DEL3
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VTXL

Name: VTXL(Rl ,R2,RP, MODEL,OPCORE, CORE, DLS, CHORD, PSI,OPGRND, ZAGL, RTE,
Vi ,V2, DEBUG)

Function: calculate vortex line segment induced velocity

General reference: section 3.1.7

Calculate: S1 = S/s, S2 -ss, RMSQ = r2

Lifting surface correction:

ANGLS = A% (deg)

HLS = h (-i.0 for no correction)

RSINL = rslnJA , COSL = cos.AL, SINL sinA_

LLL = Lni, LLS =L, FACTLS = dLll

Image element in ground effect: section 3.1.5

R1(3) ri (at #)
R2(3) r2 (at +P)
RP(3) rp (at P)
MODEL integer parameter: 1 for stepped vorticity distribution,

2 for linear vorticity distribution

OPCORE integer parameter defining vortex core type: 0 for
distributed, 1 for concentrated vorticity

CORE vortex core radius rc

DLS d for lifting surfacc correction, LT 0. to suppress

PSI P; required for dls > 0 only

CHORD chord c at P; required for d. . 0 only
Is

OPGIRND integer parameter: 0 for out of ground effect

ZAGL ZAGL; -equired in ground effect only

RTE(3,3) RTE; required in ground effect only

DEBUG integer parameter: debug print if GE 3

V1(3) Zv due to T- (at 4)
V2(3) L." due to V72 (at q+tzP)
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VTXS

Name: VTXS (R 1, R2, R3,R4,RP, MODELT,MODELS,OPCORE, CRET, CORES, DVS,
OPGRND,ZAGL,RTE,MDLT,MDLS,VT1,VT2,VS1,VS3,DEBUG)

Function: calculate vortex sheet segment induced velocity

General reference: section 3.1.8

Image element in ground effect: section 3.1.5

R103) r,

R2(3) r2

R3(3) r

R4(3) 
r.

RP(3) p

MODELT integer parameters defining trailed and shed vorticity
MODELS model: 0 to omit, 1 for stepped line, 2 for linear

line, 3 for sheet

OPCORE integer parameter defining vortex core type: 0 fcr
distributed, 1 for concentrated vorticity

CORET rC for trailed vorticity (LT 0. for s/2)

CORES r for shed vorticity (LT 0. for t/2)c

DVS d for sheet edge test; LT 0. to suppressvs

OPGRND integer parameteri 0 for out of ground effect

ZAGL ZAGL; required in ground effect only
RTE(3,3) RTE; required in ground effect only

DEBUG integer parameter: debug print if GE 3

MDLT integer parameters specifying trailed and shed vorticity
MDLS model used

VTI(3) Aet due to i (at 4>, outside edge)

VT2(3) A t due to F'2 (at +AV, outside edge)

VS1(3) 40h due to fl1 (at J, outside edge)

VS3(?) ev due to I 3 (at , inside edge)

(Avt3 = -&vt 1 , &vt4 
= -&vt 2)

(Avs 2 = - vsl, Jvs4 = _bvs3)
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GEOME

Name: GEOMEI(K,L,LEVEL,RVT,RWSO,RWSI)

Function: evaluate wake geometry

General reference: section 3.1.3

K k (+ k4))

L R ( Y R )

LEVEL wake analysis: t for prescribed wake geometry, 2 for

free wake geometry

RWT(3) at tip vortex

RWSO(3) r at sheet inside edge

RWSI(3) rw at sheet outside edge

MPSI 
TMDATA

DPSI 
ThIMCM

KRWG 
W iDATA

KFWG 
GIDATA

RBR(3,36) 
WGICM

RBT(3,36)
MUTPP(3)
DZT(144)
DRT(144)
K2T
Dzs 4(14

DRSI (144)
K2SIDzso (14jDZSO(144
K2SO
DFWG(3,2304)
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GEOMR1

Name: GEOMR1(LEVEL)

Function: calculate vw.ke geometry distortion

General reference: section 3.1.3

Prescribed wake geometry: CTG = CT, CTOS = C ,- T'W = tw (deg)

LEVEL wake analysis: 1 for prescribed wake geometry, 2 for
free wake geometry

DEBUG TMDATA
MPSI
DPSI TRIMCM

NBLADE RiDATA
SIGMA
TWIST(30) Dtw at ri, i I to MRA
KHLMDA
RROOT
MRA

LAMBDA WKV1CM
LAMBDI interference velocity, due to other rotor WKV2CM

KRWG WIDATA
OPRWG
FWGT(2)
FWGSI(2)
FWGSO(2)
KWGT(4)
KWGSI(4)
KWGSO(4)

CT C Q1CM
CIRC(36)
BETAC
'D W'P A Q

RA(30) RTRICM
MUX
MUY
MUZ

RBR(3,36) WGICM

K 2S
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GEOMFi

Name: GEOMFi

Function: calculate free wake geometry distortion

General reference: section 3.2

Subprograms required: WGAM, DCALC, NWCAL, WQCAL, VSCAL, QSVL, QCVL, QVS

DEBUG integer parameter controlling debug TMDATA
print: GE 1, print D at = 2.r/N each
iteration; GE 2, allow printing; GE 3,
controlled by II4GEB and QWGDB

MPSI (maximum 24, multiple NBLADE)

SIGMA RiDATA
NBLADE

PHIBWG(36) core burst age Nb(') (rad) RTRICM

DBV W1DATA

MUTPP(3) WG1CM
DWG(3,2304)

LAMBDA WKVICM

FACTGE

LAMBDI interference velocity, due to other rotor WKV2CM

CONING o (rad) QRICM

CIRc(36)

KFWG GIDATA
0 PFWG
ITERWG
FACTdG
WGMODL(2)
R'IWG(2)

MRVBWG
LDMWG
NDWG(36)
IPWGDB (2)
QWGDB
DQWG(2)

DELl MD1CM
DEL2
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MINV

Name: MINV(A,N,D,L,M)

Function: calculate inverse of matrix

Input:

v A(N*N) matrix (destroyed)

N limension

L(N+I) scratch vector

M(N+I) scratch vector

Output:

A(N*N) A- inverse

D determinant of A; 0. if A is singular
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MINVC

Name: MINVC(A,N,D,LM)

Function: calculate inverse of complex matrix

Input:

A(N*N) complex matrix

N dimension

L(N+I) scratch vector

M(N+I) scratch vector

Output:

A(N*N) complex A- inverse

D complex determinant of A; 0. if A is singular
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EIGENJ

N'ame: EIGENJ(N,NM,A,T,EVR,EVI,VECR,VECI INDIC,NEI)

Function: calculate elgenvalues and eigenvectors of matrix

Subprograms required: SCALEM, HESQR, REALVE, COMPME

Input:

A(N*N) matrix A (destroyed)

N order of matrix

NM actual first dimension of arrays; maximum 100

NEI 0 to calculate only eigenvalues

T dummy argument (set to 24. in EIGENJ)

Output:

EVR(N) real part of elgenvalues of A

EVI(N) imaginary part of eigenvale-s of A

VECR(N*N) real part of eigenvectors of A

VECI(N*N) imaginary part of eigenvectors of A

INDIC(N) if 2, no error; if 1, eigenvector not found; if 0,
neither elgenvector nor eigenvalue found
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0'

DER ED

Name: DERED(NX,NV,DOP,CON,A2,A1,AO,B, DOF,DFO,NAMEX,NAMEV)

Function: eliminate equations and variables from system o4' differential
equations

Input:

NX dimensiorn of matrices

NV dimension of matrices

DOF(NX) integer vector designating degrees of freedom to be
eliminated: DOF = 0 if variable not used

CON(NV) integer vector designating controls to be eliminated:
CON = 0 if variable not used

A2(NX*NX) coefficient matrices
Al(NX*NX)
AO(NX*NX

B(NX*NV) control matrix

DOFO(NX) integer vector

DOFI(NX) integer vector

NAMEX(NX) vector of variable names

NAMEV(NV) vector of control names

Output:

A2 reconstructed matrices and vectors
Al
AO
B
DOFO
DOF1

NAM X

NAMEV
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Name: QSTRAN(MX,MX,MX1,MV,A2,Al,AO,BO,DOFIDOFO,NAMEX)

Function: quasistatic reduction of system of linear differential? equations

General referencea section 6.3.2

Input:

A2(MX*MX? coefficient matrices
Ai(MX*MX)
AO (MX*MX)

BO(MX*MV) control matrix

DOFI(MX) integer vector designating first order degrees
of freedom: DOPi(I) = 0 for xi first order

DOFO(MX) integer vector designating quasistatic variables:
D]FO(I) = 0 for xi quasistatic

MX number of degrees of freedom, maximum 60

MX0 number of quasistatic degrees of freedom

MXI number of first order degrees of freedom

MV number of controls, maximum 60

NAMEX(MX) vector of variables names

Output:

A2 reconstructed matrices and vectors
Al
AO
BO
DOF1
NAMEX

MX number of remaining degrees of freedom (MX-MXO)

MX1 number of remaining first order degrees of freedom
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= CSYSAN

[ Name: CSYSAN(N,MX,MX1 ,MV,A2,A1,AO,B0,NFREQ,FREQ,NSTEP,DFI ,FSCALE,

NAMEX, NAMEV,NFOUT)

Function: analyze system of constant coefficient linear differential
equations

General reference: sections 7.2, 7.2.1

N calculation control
N =0 1 2 10 11 12

eigenvalues x x x x x x
eigenvectors x x x x
check sums x x
zeros x x x

A2(MX*MX) coefficient matrices
Al MX*MX)A0(KXMX

BO(MX*MV) control matrix

MX number of degrees of freedom

MX1 number of first order degrees of freedom

MV number of controls

(maximum MX2= 2*MX- MX1 = 60; maximum MV = 60)

DOFl(MX) integer vector designating first order degrees of
freedom (zero columns in AO); DOF1(I) = 0 for xi
first order

FSCALE frequency scale fo cor S2L (in rad/sec to obtain
frequencies in Hz and times in sec); there is no
print of dimensional eigenvalues if FSCALE 0.

NAMEX(MX) vector of variables names

NAMEV(MV) vector of control names

NSTEP static response calculated if NSTEP # 0

NFREQ number of frequencies for which frequency response
calculated; none if NFREQ: 0

FREQ(NFREQ) vector of frequencies (dimensionless) for calculation

of frequency response

NFOUT unit number for printed output
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CSYSAN

Outputt

LAMDA(MX2) eigenvalues

MX2 number of eigenvalues

available in following common block:

COMMON /EIGVC/LAMDA( 60),MX2
COMPLEX LAMDA
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DETRAN

Name: DETRAN(AMXMXI,MV,A2,A1,A0,BO,DOF1,NAMEX,NAMEhTOUT)

Function: transform equations to state variable form
General reference: section 7.1

Input:

A2 MX*MX) coefficient matrices
Al MX*MX
AO(MX*MX)
BO(MX*MV) control matrix

MX number of degrees of freedom, maximum 60
MX1 number of first order degrees of freedom
MV number of controls, maximum 60

DOFl(MX) integer vector designating first order degrees of
freedom; DDF1(I) = 0 for xi first order

I NEX(MX) vector of variable names

NFOUT unit number for printed output

Output:

A(IIX2*MX2) coefficient matrix

BO(1MX*MV) control matrix

NAME(MX2) vector of variable names

(Mx2 = 2*Mx - MX1)

IL
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SINE

Name: SINE(W,A,ASQ,B0,MX,NX1,MV,NAME,NAMEV,NFCUT)

Function: calculate frequency response from matrices
General reference 7.2.3

Response calculation: for last MX states only

W frequency (dimensionless)

A(MX2*MX2) coefficient matrix A

ASQ(MX2*MX2) coefficient matrix squared, A2

BO(MX*MV) control matrix

MX number of degrees of freedom

MX1 number of first order degrees of freedom

MV number of controls

(maximum MX2= 2*MX- MX1 = 60; maximum MV 60)
NAME(MX2) vector of variable names

NAMEV(MV) vector of control names

NFOUT unit number for printed output
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STATIC

Name: STATIC(A,BO,14X,MXI,MV,NAME,NAMEV,NFOUT)

Function: calculate static response from matrices

General reference: section 7.2.2

Response calculation: for last MX states only

A(MX2*MX2) coefficient matrix

BO(MX*MV) control matrix

MX number of degrees of freedom

MX1 number of first order degrees of freedom

MV number of controls

(maximum MX2 = 2*MX- MXI = 60; maximum MV= 60)

NAME(MX2) vector of variable names

NAMEV(MV) vector of control names

NFOUT unit number for printed output
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ZERO

Name: ZERO(A,BO, MX2,MX,4V,NX, NV)
Function: calculate zeros
General reference: section 7.2.4

A(MX2*MX2) coefficient matrix
BO(MX*MV) control matrix
MX2 number of states, maximum 60
MX number of degrees of freedom
MV number of controls
NX state number i for which zeros to be calculated
NV control number j for which zeros to be calculated

Output:

LAMDAZ(MZ) zeros of xi/v j
Ki factor K1 : xi/vj = K, P T
MZ number of zeros

available in the following common block:
OOMMON /EIGVZ/LAMDAZ(60) ,KI ,MZ
COMPLEX LAMDAZ
REAL KI
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ZETRAN

Name: ZETRAN(Z,MZ)

Function: transform matrix for zero calculation

General reference: section 7.2.4

Input:

Z(MZ*MZ) matrix A* (A with xi column replaced by v column of B)

ltZ number of states, MX2

Output:

Z(MZ*MZ) matrix A, (eigenvalues of which are the zeros);
the factor KI is in Z(MZ*MZ+I)

MZ number of zeros
GT 0 finite number of zeros exists
EQ 0 no zeros, K1 = Z(1)
LT 0 xi not controllable by v

-232-



BODE

Name: BODE(r MXX1 ,ilV,A2,A,AO,BO,WDF1,NAMEX,NA EV,NPLOT,NAnEXP,NAEMVP,
NX,NV,NFO,NF1,ND,MSCALE,NFOUT)

Function: calculate and printer-plot transfer function (Bode plot)

General reference: section 7,2.3

A2(MX*MX) coefficient matrices
AI(MX*MX)
AO(MX*MX)

BO(MX*MV) control matrix

MX number of degrees of freedom

MX1 number of first order degrees of freedom

MV number of controls

(maximum MX2 = 2*MX- MX1 = 60; maximum MV= 60)

DOF1(MX) integer vecto: designating first order degrees of
freedom; DOFi(I) = 0 for xi first order

NAMEX(MX) vectoi of variable names

NAMEV(MV) vector of control names

NPLOT frequency response calculation method: if 1, from
matrices; if 2, from poles and zeros

NAEXP(NX) vector of variable names to be plotted (inconsistent
names ignored)

NAMEVP(NV) vector of control names to be plotted (inconsistent
names ignored)

NX number of degrees of freedom to be plotted; maximum 30

NV number of controls to be plotted; maximum 30

NFO exponent (base 10) of beginning frequency

NFI exponent (base I0) of end frequency

I ND requency steps per decade

(maximum NF= (NFl - NFO)*ND+ 1 = 151)

MSCALE magnitude plot scale: if 1, plot relative maximum value;
if 2, plot relative 10*NK; if 3 plot relative 10.

NFOUT unit number for printed output
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BODEPP

Name: BOIEPP(HM,HP,NFO, NF1,ND,OPTION, FOUT)Function: printer-plot transfer function magnitude and phase

HM(N) transfer function magnitude
HP(N) transfer function phase (degrees, -180 to 180)

(N = (NF1- NFO)*ND+ 1)
NFO exponent (base 10) of beginning frequency
NFI exponent (base 10) of end frequency
ND frequency steps per decade
OPTION magnitude plot scale: if 1, plot relative maximum

value; if 2, plot relative 10**K; if 3, plot
relative 10.

NFOUT unit number for printed output
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TRACKS

Name: TRACKS(A2,AI,AO,BO,MX,MXI,MV,DOFI,CMEGA,NAMEX,NAMEV,NPLOT,
PERICD, DELT,T?74AX, NAMEXP, NAMEVP, NX, V, NFCUT)

Function: calculate and printer-plot time history of time-invariant
system response

General reference: section 7.2.5

Calculate eigenvalue matrix and modal matrix:
MRED = M without unused states (rows)

MB = MI B without unused controls (columns)

A2(MX*MX) coefficient matrices
Ai(MX*MX)
AO(MX*MX)
C 0(MV*MX) control matrix

MX number of degrees of freedom

MXi number of first order degrees of freedom

MV number of controls

(maximum HX2 2,MX - MX1 = 60; maximum MV = 60)

DOFI(MX) integer vector designating first order degrees of
freedom; DCFI(I) = 0 for xi first ordver

NAMEX(MX) vector of variable names

NAMEV(MV) vector of control names

OMEGA frequency scale (rad/sec)

NPLOT control input type
1 step
2 impulse
3 cosine impulse
4 sine doublet

5 sq,.are impulse
6 sqaare doublet

PERIOD period T (sec) for impulse or doublet (NPLOT 3 to 6)

DELT time step (sec)

TMAX maximum time (sec)

(maximum NX*NV*TMAX/DELT = 7200)
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TACKS

F NAM 'XP(NX) vector of variable names to be plotted (inconsistent
names ignoreO)

NAMEVP(MV) vector of control names to be plotted (inconsistent
names ignored)

NX number of degrees of freelon to be plotted; maximum 30

NV number of controls to be plotted; maximum 30

NFCT'JT unit number for printed output
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TRCKPP

Name: TRCKPP(TRACZ, NX,NV,MT,DELT,NAMEXP,NAtEVP,NFOUT)

Functio-: printer-plot time history

TRACE(NX,NVMT) array of time history traces to be plotted

NX number of degrees of freedom to be plotted

NV number of controls to be plotted

(maximum NX*NV = 26)

MT number of time steps to be plotted

DELT time step (sec)

NAMEXP(IX) vector of variable names

NAMEVP(NV) vector of control names
NFOUT unit number for printed output
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GUSTS

Namet GUSTS(A2,AI,AO,BOMX,MXI,MVMG,D)FI,NAMEX,RADIUS,OMEGAGRAV,
EULER. VEL,LGU3T, MGUST, NA MEXR, NA MEXL, ML, NAMEXA, MACC,
FREQA,RACC. NEM, ZETA, NAMEXB, NFCUT)

Function: calculate and print rms gust response

General reference: section 7.2.6

A2(MX*MX) coefficient matrices
AI(MX*MX)
AO(MX*MX)

30(MX*MV) control matrix (gust in last MG columns)

MX number of degrees of freedom

MXl number of first order degrees of freedom

MV number of controls and gusts

MG number of gust components

(maximun MX2 2*MX - MXl + MACC + MG = 60)
(maximum MG 3)

DOFi(MX) integer vector designating first order degrees
of freedom; DOF(I) = 0 for Yi first order

NAMEX(MX) vector of variable names

RADIUS length scale R (ft or m)

OMEGA frequency scale J-. (rad/sec)

GRAV acceleration due to gravity (ft/sec 2 or m/sec2)

EULER(2' trim Euler angles eT and o~n  (rad); required
for body axis acceleration on y

VEL(3) velocity components in body axis frame (divided by
&t!); only magnitude required (for rcG) unless body

axis acceleration calculated

LGUST(MG) real vector of gust correlation lengths: if GT 0,
dimensional correlation length L (-a G = L/2V); if
EQ 0, L = 400. used; if LT 0, magnitude is correlation
time ,. (dimensionless), so break frequency is

MGUST(MG) real vector of gust component relative magnitudes

NAMEXR(3) names of c 0 1c in state vector (NAMEX>;
analysis asIses 1at 3 g*, follow
immediately (inconsistent names ignored) is
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GUSTS'

NAMEXL(ML) names ol linear degrees of freedom in state
vecto.r (NAMEX) for dimensional output (ft or m,

obtained from R); degrees of freedom not
identified are angular (degrees) (inconsistent
names ignored)

ML number of linear degrees of freedom

NAMEXA(MACC) names of degrees of freedom (NAMEX) for which
acceleration calculated; last three names must

equal ACCB to calculate body axis acceleration
(all three or none) (inconsistent names ignored)

FREQA(MACC) accelerometer break frequency (Hz), in same order

as NAMEXA; 2/rev used if FREQA4 0.

MACC number of accelerometers; none if MACC * 0

RACC(3) x, y, z location of point at which body axis

acceleration calculated (dimensionless)

ZETA(3,NEM) airframe elast mode shapes, k = 1 to NEM; required
for body axis acceleration only

NEM number of airframe elastic modes; nore if N&M , 0;
maximum 10

NAMEXB(6+NEM) names of 4F' 0F ,'F' xF' YF' 'F' qFj - FNE1

in state vector (NAMEX); assumes all elastic airframe

states are consequtive; required for body axis

acceleration only (inconsistent names ignored)

NFOUT unit number for printed output
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PSYSAN

Name: PSYSAN(MX,MXI,A2,A,AO,PHI, DT,NT,MT,PERIOD,DOFI,NINTNFOUT)

Function: analyze system of periodic coefficient linear differential
equations

General reference: section 7.3

A2(MX*MX' coefficient matrices
AO(MX*MX)

MX number of degrees of freedom

MX1 number of first order degrees of freedom

(maximum HX2 = 2*MX - MX1 = 60)
DOFI(MX) integer vector designating first order degrees

of freedom (zero columns in AO); DOFI(I) = 0
for xi first order

DT time increment; may vary with NT, but for Runge-Kutta
integration successive pairs must be equal

NT time step counter (NT = 0, 1, 2, *.. MT)

MT total number of time steps in numerical integration;
for Runge-Kutta integeration, must be even

PERIOD period T of the system

PHI temporary storage of state transition matrix and
last A; dimension 2*MX2*MX2 for modified trapezoidal
integration; dimension 3*MX2*MX2 for Runge-Kutta
integration (MX2 = 2*MX - MXI)

NINT numerical integration method: if 1, modified
trapezoidal method, error order DT**3; if 2,
Ru,,geV*u++. method,~ errr orv*e (9*yP'**<

NFOUT unit number for printed output

Output:

LAMDA(MX2) roots \ (principal value)

LAMDAC(MX2) eigenvalues c of c (T)

MX2 nuber of poles
available in the following common blocki

COMMON /EIGVP/LAMDA(60),LAMDAC( 60) ,MX2

COMPLEX LAMDA ,LAMDAC
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* PSYSAN

Typical usage-2

DT -PERIOD/MT

DO 1 NT =O,MT

T =DT *NT

calculate coefficient matrices at time T
I CALL PSYSAN

IT
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DEPRAN

Name: DEPRAN(A,MX,MXI,A2,A,AO,DOFI,NFOUT)

Function: transform equations to state variable form

General reference: section 7.1

Input:

A2( MX*MX) coefficient matrices
Al MX*MX)
AO (MX*MX)
MX number of degrees of freedom; maximum 60

MXl number of first order degrees of freedom

DOF1(MX) integer designator of first order degrees
of freedom; DOF1(I) = 0 for xi first order

NFOUT unit number for printed output

Output:

A(MX2*MX2) coefficient matrix (MX2 = 2*MX-MXI)
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MAINTB

Name: MAINTB

Function: airfoil table preparation

General reference: section 2.4.4

Subprograms required: AEROT, AEROPP, C8iINT, C81RD, REDCL, TABFIX

-
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AEROT

Name: AEROT(ALPHA,MACHRADIALOPTIONCL,CDCM)

Function: interpolate airfoil tables
General reference: section 2.4.4

ALI HA angle of attack ,e (deg)
MACH Mach number M
RADIAL radial station r/R
CPTION integer parameter: if I calculate c. if 2calculate Cd, if 3 calculate c i 4 calculateall three coefficients m
CL cR 2 D
CD cd 2 D

CM C 2D
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AEROPP

Name: AEROPP(CL,CD,CM,MA ,AMAX)

Function: printer-plot airfoil aerodynamic characteristics

Calculate ordinate limits:

a) c = maximum value of magnitude

b) N = Clog c] (N = N- I if c 1.)

c) K = Lc/1O**N] + I

d) use for scale X = K*1O**N

CL(MA) array of cR to be plotted

CD(MA) array of cd to be plotted

CM(MA) array of cm to be plotted

MA number of angle of attack values; odd number

AMAX maximum angle of attack; data in arrays for
= max to 0max' in MA steps

r
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SCOMPUTER SYSTEM SUBPROGRAMS

The following computer system subprograms (or the equivalent)

are required to determine the calendar date and time of day, which

form the identification for jobs and files.

a) CALL TIME(ITIME)

Function: returns time of day (8 alphanumeric
characters) in array ITIME(2)

b) CALL DATE(IDATE)

Function: returns calendar date (8 alphanumeric
characters) in array IDATE(2)

The following computer system subprograms (or the equivalent) are

required in the timing subprogram.

a) CALL SETTIM(00)

Function: initializes timer

b) ITIME = INTVAL(0,0)

Function: returns CPU time, in milliseconds since
initialization
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4 CORE REQUIREMENTS

The program requires 4.04 megabytes of core storage. Of this

total, 1.84 megabytes is for the subprograms and 2.20 megabytes is

for the common blocks. The common blocks for the nonuniform inflow

influence coefficients (both rotors) require 0.96 megabytes.

I 
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