
AD-A008  353 

ANALYSIS OF THE  XM97  TURRET  DYNAMICS 
WITH ACTIVE  SERVO CONTROL 

Adam   R»   Zak 

Illinois   University 

Prepared  for: 

Rock   Island  Arsenal 

January   1975 

DISTRIBUTED BY: 

KfÜl 
National Technical Information Service 
U. S. DEPARTMENT OF COMMERCE 



UNCIASSIFIED 
SECURITY CLASSIFICATION OF TKIS PAGE (Wien D«. Entered) 

REPORT DOCUMENTATION PAGE READ INSTRUCTIONS 
BEFORE COMPLETING FORM 

1.   REPORT NUMBER 

R-TR-75-009 
2. GOVT ACCESSION NO. 3.    RECIPIENT'S CATALOG NUMBER 

4.    TITLE (and Subtitle) 

ANALYSIS OF THE XM97 TURRET DYNAMICS 
WITH ACTIVE SERVO CONTROL 

5.   TYPE OF REPORT ft PERIOD COVERED 

Final Report 
July 197** - January 1975 

6. PERFORMING ORG. REPORT NUMBER 

7. AUTHORl» 

Dr. Adam R. Zak 
University of Illinois 
Urbana, Illinois 

8.   CONTRACT OR GRANT NUMBSRf») 

DAHCOU-72-A-OOO;L 
Task Order 71»-3l6 

3.    PERFORMING ORGANIZATION NAME AND ADDRESS 10.   PROGRAM ELEMENT, PROJECT,  TASK 
AREA ft WORK UNIT NUMBERS 

DA IF2622OIDII96/TA-I 

11. CONTROLLING OFFICE NAME AND ADDRESS 

Research Directorate 
GEH Thomas J. Rodman Laboratory 
Rock Island Arsenal, Rot* Island, TT.    &L2QJ 

12.   REPORT DATE 

January 1975 
13.   NUMBER OF PAGES 

33 
1«.   MONITORING AGENCY NAME ft  ADDRESS^// dillerint from Controlling Olllce) 15.    SECURITY CLASS, (ol thle report) 

UNCLASSIFIED 
15«.    DECLASSIFICATION/DOWNGRADING 

SCHEDULE 

16.    DISTRIBUTION ST ATEMEN T (ol thie Report) 

Approved for public release, distribution unlimited. 

17.   DISTRIBUTION STATEMENT (ot the abstract entered In Block 20, It dltterent Irom Report) 

10.    SUPPLEMENTARY NOTES 

Reproduced by 

NATIONAL TECHNICAL 
INFORMATION SERVICE 

US Department of Commerce 
Springfield,  VA.  22151 PRICES SUBJECT TO CHANGE 

19.    KEY WORDS (Continue on reverse side it necessary and Identity by btock number) 

1. Azimuth and elevation drives   6. Recoil 
Elastic Stiffness 
Friction 
Equations of Motion 
Structural Vibration 

2. 
3. 
h. 
5. 

7. 
8. 

Finite-element analysis 
Computer 

9.    Hit Probability 

20.    ABSTRACT (Continue on i ■ side It necessary and Identity by block number) 

A method of analysis has been developed for investigating the dynamic motion 
of a gun-turret configuration.    The analysis allows  for elastic coupling 
between the three main components of the turret and for active servo control 
system which is also coupled with the turret dynamics.    The three main 
components of the turret are the stationary ring, the rotating ring, and the 
saddle-gun assembly.    The gear systems in the azimuth and the elevation 
drives   are characterized by their gear ratio, elastic stiffness and 
frictions! coefficient.    The dynamic equations which govern the motion of the 

DD F0RM    117* 1 JAN 73    ••/ J EDITION OF  1 NOV SS IS OBSOLETE UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGE (Brian note Entered) 



The findings In this report are not to be construed as an 
official Department of the Army position, unless so designated 

by other authorized documents. 

DISPOSITION INSTRUCTIONS 

Destroy this report when It 1s no longer needed. 

\ xmPw %r 

STiS                •.>•■:::» '■ ':;a   0' 
I <••?<!                    • • ■ a 
' .«»•;. -'•"■--n □ 

St, 
5ii;it:  •.-.'■.«:;..'.:|, . i ■',.■ '3 

~E.;:.        .,;;.;:   ,. .(..~ 

x ! 
rl ; 

FT J 

/ *-> 



UNCLASSIFIED 
SECURITY CLASSIFICATION OF THIS PAGEfWJ»«! Dmtm Bnimrmd) 

"system are reduced to five first order equations which are solved numerically. 
The forces wbich cause the 3ystem to vibrate are generated by the helicopter 
structural vibration and by the torques produced by the recoil forces. The 
helicopter vibration effects are obtained by coupling this analysis with the 
finite-element analysis of the helicopter structural model. A computer program 
has been prepared to solve the governing equations. -The program has the 
capability of analyzing both azimuth and elevation motions. The results 
generated by this program can be used direct.ly in the prediction of hit 
probability. This analysis has been applied to a number of numerical examples 
and the results are presented and discussed, (ll) Zak, Adc»a R. 

11 UNCLASSIFIED 
SECUR.TY CLASSIFICATION OF THIS PAGEfWien Dmtm Entered) 



TABLE OF CONTENTS 

PAGE 

INTRODUCTION    1 

EQUATIONS OF THE TURRET DYNAMICS , .    2 

SERVO CONTROL SYSTEM    9 

SOLUTION OF THE GOVERNING EQUATIONS  11 

NUMERICAL EXAMPLES  12 

APPENDIX A ................. 18 

APPENDIX £ , ,  19 

/ 

iii 



Introduction 

The purpose of the present analysis? is to investigate the 

effect of turret dynamics on the accuracy of gun orientation.  In 

this analysis the turret is represented by three rigid components 

which can move relative to each other and are connected by elastic 

transmissions. The first component of the turret is the stationary 

ringiwhich is rigidly attached to the helicopter hull. The second 

component is the rotating ring; its rotation about the turret axis. 

is controlled by a drive mechanism which is characterized by effective 

elastic stiffness and a frictional coefficient. The third part of the 

turret consists of the saddle and the gun combination. This part 

moves about the saddle pivot axis relative to the rotating ring. This 

motion is also governed by an elastic transmission drive. 

The vibrating motion of the turret is excited by the vibration 

of the hull and by the torques due to the recoil force of the gun. The 

effects of the hull vibration will be specified by the six acceleration 

components at the turret attachment point. These accelerations will be 

calculated numerically by an existing finite-element model of the total 

helicopter structure. The recoil forces will be represented by 

measured values. 

When the turret- is excited dynamically the relative motion of 

the various parts will cause the resolver signals to be generated which 

will activate the servo controls. Consequently, the dynamic motion 

will be governed by an interaction of the elastic properties of the 

transmission, the inertia! properties of the turret, and the response 

characteristics of the servo systems. The turret vibration will be 

specified by two components consisting of the asircuth and the elevation 

angular displacements.  In the present analysis these two motions will 

be assumed to be uncoupled since they will respond to different fre- 

quencies. 

The general analysis which is developed will be valid for either 

the azimuth or the elevation motion. However, the hull inertia effects 

will be governed by different relations fcr the azimuth and the 

elevation modes and therefore these relations will be developed 

separately. The servo controls for both motions are similar except fc 

the different gear ratios in the drive systems. 



Equations of the Turret Qynamics 

The three main components of the turret, shown in Figure 1, 

are the stationary ring, the rotating ring, and the saddle and gun 

combination. The steady state azimuth and elevation angles are 

denoted by <ji and a respectively. The dynamic components corresponding 

to these two directions are denoted by A<J> and Ao. The center of 

gravity positions for moving parts are shown in Figure 1. The center 

of gravity CG i3 denoted by the length parameters a and b defined 

with reference to zero azimuth and elevation angles. The center of 

gravity CG applies to the total mass involved in the azimuth vibra- 

tion and it includes the rotating ring and the saddle-gun combination. 

The center of gravity CG applies to the saddle-gun combination only 

and it is defined by the lengths a0, a , and b . The parameter &2 

defines the pivot position, and a., and b define the position of CG2« 

Since the dynamic equations for the azimuth and tie elevation 

motions will be similar it is possible, up to a point, to derive 

equations which are valid for either of these motions.  Consir,OT* a 

schematic representation shown in Figure 2 which shows the three com- 

ponents involved in the vibration.  This schematic applies both to azi- 

muth and elevation modes.  The three components in Figure 2 are the 

drive motor, the gear transmission system, and the turret mass. For 

convenience the moments of inertia of the motor and the turret are re- 

ferred to the turret coordinates.  The moment of inertia of the gear 

box and the drive can be included in the motor an-.' the turret inertias. 

The torques transmitted through the total system are shown in Figure 2. 

The torque T is the torque applied electrically to the motor and T is 

the torque transmitted to the turret.  The effect of friction in the 

system is represented by the torque Tf acting on the turret.  The torque 

T represents the contribution of the recoil force. The rates of change 

of the angular momentum for the motor and the turret are denoted bv H 
m 

and fl. respectively.  Using the torques shown in Figure 2 the dynamic 

equations of equilibrium can be written as follows: 

A = T - T (1) 
m   m   t 

Ht "  Tr + Tt + Tf {2) 



§ Turret 
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Figure 1. Turret Configuration and the Definition of 

Azimuth and Elevation Angles. 
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Figure 2.  Schematic Drawing Illustrating ?  Two Degree of Freedom 

System to Represent Motor, Transmission and Turret Load, 



The transmitted torque T is related to the elastic de- 

formation of the system. In order to express equations (1) and (2) 

in terms of displacements the dynamic displacements A4» and Aa are 

divided into three parts: 

A* = 40 + <J,m + <(,e (3) 

Aa ■ a + a + a (4) 
o   m   e 

where <j> and a are the dynamic components due to helicopter vibra- 

tion, <|> and a are the dynamic motion for rigid gear system drives, 
m    m 

and * and a are the contributions from the elastic effects in the ye    e 
system. It is also convenient at this time to define the relative 

displacements: 

K =  ♦. + *e (5) 

ji = a + a (6) 
r   m   e 

The angles 4> and a are relative angles between various parts of 

the turret and these are the angles which will be read by the re- 

solver in the servo control system. It is possible now to represent 

the torque T in equations (1) and C)  in terms of displacements. For 

the azimuth motion: 

Tt = -k<f> (7) 

and for the elevation motion: 

T„ = -ka (8) 
t     e 

where k represents the elastic stiffness of the gear box and the 

transmission. 

Consider now the torque Tf produced by the friction in the 

system. Since this term represents a combination of all frictional 

forces in the Systemen exact analysis of this term is not possible 

and an empirical relatxon has to be used.  In this analysis it will 

be assumed that this torque acts to oppose relative motion of the 

various parts of the turret ,but since it is a frictional force it will 

be independent of the magnitude of the angular velocities. Con- 

sequently tfor the azimuth motion this torque is represented by: 

HHSPHHHHHH 



Tf = -kg(*r)/|*rl (9) 

and for the elevation motion 

Tf - -kg(ar)/|ar| (10) 

where g is the damping coefficient. 

»     • 
Consider now the rates of change of angular momentum H and H. 

m    t 
in equations (1) and (2). These relations can be obtained from the 

vector relation» however, for the present case in which the azimuth 

and the elevation motions are uncoupled %±t  is easy to obtain these in 

scalar form. As the first step we introduce the hull accelerations 

at the point of the turret attachment. These accelerations are denoted 

by a , a , a , 8 , 8 and 6 . The first three of these quantities are 1    x  y  z  x  y    z 
the linear accelerations and the remaining three are the angular 

accelerations. All these accelerations are relative to the coordinate 

system shown in Figure 1. Using fixed azimuth and elevation angles $ 

and a and the geometrical parameters shown in Figure 1, moments are 

taken of the mass inertia force about the axis of rotation; adding 

the angular rate change of momentum it can be shown that: 

Ht = -nua^a sin <j) + a cos <\>) +  I A<fr (11) t    llx       z t 

where m is the turret mass at the CG., point shown in Figure 1 and I 

is the turret moment of inertia about the turret axis. Consider now 

the terms containing angular acceleration in equation (11) . By using 

equations (3) and (5) we obtain: 

A<fr = 'i    +  * (12) or 

But d> can be related to the hull vibration 
o 

i = 6* (13) 
o   y 

For the motor the predominant rotations will be the relative motor 

speed and therefore to a good approximation 

H = IJ> (14) m   mm 

where I  is the moment of inertia of the motor referred to the turret 
m 

coordinates. 



For the case of the elevation vibration the rotational 

equilibrium equations are referred to the saddle pivot axis. The 

rate of change of the angular momentum is: 

Bt^2 ((a2 * *3 TOi a)ay " (ax co" ♦ " at "in *)("b2 * a3 "ln a)) * \  A a   (15) 

where m„ is the mass of the saddle-gun combination and I is the 

moment of inertia about the saddle pivot axis. For the elevation 

motor it is again possible to neglect all except the motor rotational 

effects and therefore: 

R »15 m   mm (16) 

Using equations (4) and (6) we can write 

Aä = ä + ä (17) or 

and from coordinate transformation we can relate ä to the hull o 
accelerations: 

ä =6 sin ♦ + 6 cos $ (18) 
O    X z 

Consider now the azimuth vibration. By using equations (1) 

and (2) and substituting from (7), (9), (11), (13) and (14) we can 

write equations of equilibrium in the form: 

I i - k<j> = T (19) mm   re   m 

lj>    + kd>    + kg<j>  /|(j)   [ trr e       *Tr   |Tr' 

( 

= m.a.U sinA + a  cos <J»)  - 10    + T (20) 1  1    x       r       z        r ty        r 

By using equation  (5)  we can write equations  (19)   and  (20)   in terms 

of  two unknowns: 

I I    - k(<j»    - <t> )   = T (21) mm r        m m 

It*r + WT ~ ♦„)  + kg*r/|*rl   = Tj + Tr (22) 

where for convenience we have defined an effective hull inertia 

torque: 

TT = m1a.(a sin d) + a cos 4) - 1^ 
I   1 1 x        z        t 

0 (23) 



For the elevation motion vibration the corresponding equa- 

tions will have the same form as (21) and (22) except we have to 

replace <j> by a. The inertial torque XT for this case will have the 

form: 

TI = "m2^a2+a3 cosa)ay " (ax
cos <t'-az 

sil> <J>) ("b2+a3 sin a^ 

- I (0 sin <J> + 0 cos 4) (24) 
t x       y   T 

Before discussing the solution to equations (21) and (22) it 

is necessary to obtain an appropriate expression for the motor torque 

T . This expression will be developed in the following section. 

8 
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Servo Control System 

Both the azimuth and the elevation motions are governed by 

the same type of servo system and the only difference is the gear 

ratio used in each of these motions. A simplified block diagram for 

the servo control is shown in Figure 3. In simplifying the actual 

servo diagram certain very high frequency effects were neglected. There 

are basically two feedback systems. 

The first feedback senses the relative motion <$>    or a using a 

resolver signal and feeds this signal, without modification, to the 

front of the system. This relative motion is then subtracted from the 

desired control signal <f> or a . The second feedback loop senses the 

speed of the motor using a tachometer and modifies this signal by a 

transfer function. The transfer function is defined in terms of the 

motor angular displacements <t> or a and the resulting signal is sub- in    m 
tracted from the difference of control and the resolver signals. Ac- 

tually before the subtraction takes place a multiplication by a constant 

535. L<S  first performed as shown in Figure 3. The transfer function A, 

defined in terms of the transformed variables, has the form: 

,  , 1   0.1s    n,_ L .0192s A = T—- x ,. ;  x .067s + 
1.3  l+.ls 7.5 (25) 

where n is the gear ratio. For the azimuth motion n = 620 and for the 

elevation n = 810. Consequently in terms of the transformed variable 

the motor torque for the azimuth motion is given by: 

T = 535 x 0.75n (<p    - <t> - + ) (26) m rc  rr  vs 

where we have defined d> as rs 

<f»s = A/535 <|>m (27) 

Writing the transfer function A over a common denominator and using 

r. = 620: 

.0029667 s + .0062692 s2 . ,„ox 
*s= 1 + 0.1 s  ^m (28> 

Equation (73) is in terms of the transformed variable s and for our 

purpose ve need to obtain general time relation. This is done by 

replacing the s parameter by a time operator: 

mmmmmmmm 



Control 
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<j> »ot r r 

Figure 3. Servo Control System Governing Azimuth 

and Elevation Vibration Modes. 
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d<j> d<f> d2<J> 
4» + .1 -nr - .0029667 ~ + .0062692 -jrr (29) 

For the case of the elevation motion equation (29) is modified by 

replacing <f> and <J> by a and a and multiplying the right hand side 

by the factor of 810/620. 

By having equations (26) and (29) the motor torque at any 

given time is defined although it is in a form of a differential 

equation. 

Solution of the Governing Equations 

The final form of the governing equations will be given here 

in cerms of the azimuth deflection variable <J>; similar types of 

equations will be valid for the elevation parameter a. Consider the 

equation of motion (21) and substitute from equation (26): 

I $    - k(<j>    - <j> )  = 401.25n  (<t>    - <J>    - <J> ) (30) mm Tr        m c        r        s 

Equation (30),together with equations (22) and (29),represents a 

system of three governing equations in the variables <(> , $    and <j) . 

For the case of the elevation motion the variable <f> is changed to a and 

the right hand side of equation (29) is altered by a multiplying con- 

stant as indicated previously. 

The solution to the three governing equations will be obtained 

numerically on a computer. To do this the three second order equations 

are reduced to five first order equations. This is done by defining 

the following five variables: 

♦l = <f> r 

*2 

dd> 
r 

dt 

*3 m 

u 
d<J> 

m 
dt 

*5 = *s (31) 

By using equations (31) in the governing equations (22) (29) and (30) 

11 



the following set of five first order equations follows: 

= Y  (-k^ - *3) - kgi2/|«|)2| + Tj. + Tr) 

dt       y2 

dt       -t 

^3      ♦ 
dt   ~    4 

■jr = Y~ (k(h ~ V + 401-25n <*c - *i - *5» 
m 

dcf> 
-ji -   - io<j>5 + 0.029667 *h 

+ 0.062692 fi- (k(^ - * ) + 401.25a (<|>c - ^ - <J>5»     (32) 
m 

It may be noted that in the last of equations (32) the second deriva- 

tive of (J> was replaced by using equation (30) . Equations (32) are 

solved numerically. 

The solution of equations (32) has been programmed on a digital 

computer. The description of the input parameters is given in Ap- 

pendix A. The program is set up so that either the azimuth or the 

elevation vibrations can be analyzed separately or both motions can be 

handled simultaneously. The. listing of the program is given in 

Appendix B. 

Numerical Examples 

In order to check out the analysis and the computer program, 

four numerical examples were executed. The first example consists of a 

step input in the recoil torque T of 660 lb-ft. The results are pre- 

sented in Figure 4 for the response of the turret in the azimuth motion. 

The result for the elevation motion is similar and only the numerical 

values differ. The results in Figure 4 show the variation of the angle 

<\>    with time.  It can be seen from these results that steady state 

response is reached in about 0.15 seconds. The steady state response is 

12 
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about 2.7 mllliradians. This response compares closely with the equipment 

specification of 2.5 milliradians static deflections for 660 ft-lbs 

torque. During the transient period the oscillations can be seen 

to hare a frequency of about 30 cps which agrees with the natural 

frequency of the system. 

In the next three examples the turret was subject to oscil- 

lating torque given by: 

Tr - 300 (1 + sin «t) (33) 

In the three examples the frequency u was taken to be 62.8, 188.5 and 

282.7 radians per second. These values correspond to 10, 30 and U$ 

cycles per second. The results for these three examples are shown in 

Figures 5 to 7. Again, the results are given only for the azimuth 

motion. In the calculations the control signal ♦ in the servo controls 

was set at zero. Therefore the turret attempts to follow this valuei 

however, due to the dynamics of the system the turret deflection 4 

does oscillate. The results in Figure 5 to 7 for the sinusoidal input 

show a sinusoidal response superimposed on a step input. The mear. value 

of the response agrees with a step input of 300 ft-lbs torque. As 

expected the amplitude of the sinusoidal response reaches a maximum 

value at the natural frequency of 30 8ps. 

Ik 
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APPENDIX A 

Description of Input Cards and Input Parameters 

Card 1: This card contains the parameter IM; if IM a 1 then azimuth 

motion is to be analyzed before elevation, if IM » 2 then elevation 

is first.    FORMAT (HO) 

Card 2: This card contains the parameter NM which can either be 1 or 2; 

and this parameter establishes whether 1 or 2 motions are to be 

analyzed.    FORMAT(llO) 

Card 3: Contains parameters SL, a , a , b  , and b   which define the 

centers of gravity for azimuth and elevation motion.    The 

parameters a^ a , a_, b  , and b    are shown in Figure 1.    The 

units are feet. FORMAT(5F10.3) 

Card Its All the remaining cards, starting with this one, ar? to be 

repeated for each motion.    For example if NM a 1 then these 

cards are not repeated, if NM ■ 2 then these cards are re- 

peated twice.    The Card h contains AM, All, and AI2.    The para- 

meter AM is the mass in pounds of the vibrating part of the 

turret.    All and AI2 are the moments of inertia for the turret 

load and the motor referred to their own coordinates.    The inertias 

are in slug-ft2 units.    FORMAT(F10.5, 2E15.5) 

Card 5: This card contains TK and TO where TK is the torsional stiffness 

of the gear system in lb-ft per :.*adian, and TG is the non- 

dimensional frictional damping coefficient FORMAT(E10.i,F10.5) 

Card 6: This card contains the gear ratio,    it should be 620 

for azimuth     and 810 for elevation.    FORMAT(F10.5) 

Card 7« This inputs four parameters PHMT where PRMT(l) and PRMT(2) 

represent   the starting and *;he end points in time, PRMT(3) 

is the initial integration interval, and PRMT(lt) is the upper 

error bound.    FORMAT(UE15.6) 

18 
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•►». /*"1™"""™" 

c 

MAIN                                    f>AT~   =   74252 15/34/24 

c 
c 

CCWM:N/STI':I:/TK,TG 
rruM^/MASf/AM, All, A. 2, 4,R,GR 

CCMMCN/ANGL*/   PHI, ALPHA 

c 

MMErJSICM PPMT(5»,C"RY(5)tÄUX(d,5»tY(5» 
rXT-"RMAL   FCT.nuTP 
S^T   MOTICM   TO   RE   eiRST,IM=l   AZIMUTH,IM=2   ELEVATION 

c 
c 

0^11(5,100?)   I»» 

s<=T   NUMBER   CF   MOTIONS   TV   RF   ANALYZED, 1   ?F   2 
c 

r 
"»FAn(5flf,2)   N" 

c 
c 
c 

o=fiC   ANGLES      PH!   AND   ALPHA   IM   DEGRF6S 

"LAni^fiUOl)    PHI,ALPHA 
WFITF(6,2CG4>   PHI,ALPHA 
P! = J.14l5<ia6/18Q. 
PH!=PHI«PI 
ALOHA=*L°HA*PI 
r-i   <)9   |v=lfVM 
!«=! TM.rn.N)   nr   T^1   12 
we JT;  (6, W.CO) 

*   13 rr 

12 W»I^Fto.1500) 
13 C:MTIMJr 

C Fr*.n   ^:M:MT   IF   VASS   äNO   »«HMC^T   IF   INERTIA   ">F   L*?AO   ANC:   M0T7P 
C '-i:MrMTf   nr   !NrPTIA   APE   RELATIVE   TO   M0T1R   OQFDINATE* 

C"AC15,10IJ0)AM, MUM2  
L 
r 
r 

P<"ftÜ   CfNT£R   "F   GF4VITY   ^FFSET   FsFT 

PCAP( 5,lr>rn   A,P 

^*p c-f ho Hrx p/*Tin 

r 7APl5,iriO)r« 

■TAP   TPAKSMTJSICN   STIFFM-s^.FT-LRS,   A NO   DAMPING   COEFFICIENT 

-:An(5,iu03) TK, TG 
4P I'Fit., 20'^ 'I   A*,Ml,AI? 
JF IT"U>,?<.C1 )   A,R 

6op7 ovrtc'-'e to ^ .-ties nol 
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MAIN DATE   «   74252 15/34/2' 

dRTTf-lh.^n?» TK.Tr.                                                         1 
WRITS(6,2öö3} £*                                                                                            I 
AII=AHMGP)**2                                    1 
M2=AI2*(GF)»*2                                                   1 

c 
r 
c 

S = ? INITIAL QISPLACFMFNTS 

10 
nr  10  1=1,5 
YH)=0.0 

^CT  fii^nc  WEIGHTS 

0°   11   1=1,5 

T 
C 

11  "H>Y(n«.2  

WE AD(5,1004)(PR MT(I),1 = 1,4) 
C 

WPfTF(6,2C05) 
:ALt    P*GS(DpMT, Y,DEPY,5, IHLF,FCT,OUTP,AUX) 
rWTTNTF  99 

IOOC 
TüoT 
1002 
IC 3 

c1RMAT(f-10.'i,2E15.5) 
nnMAT(2Plü.3»  
F1PMAT(!10 I 
P^PMAT(l-iC.3iPlC#5j 

1004 
15DO 

"cnpMAT 

FORMAT 

14TT576» 
150X,'AZ!NUTH   VIBRATION«) 
(50X'FLFVATI0N   VIBRATION«) 

c_)OMAT 
(7X,"*ASS        TUPFFT    INFRTIA        M3T1P   INEPTIA « /4X, 3C 18.6) 
(7X,'CENTFP   OF   GRAVITY   POSIT IHN«/4X,2E18.6) 
(7X,«GFAR   STIFFNESS DAMPING     CCF«=F IC IENT •/4X, 2r 18.6) 

2 0 JO 
2001 
2002 
2003 
2^04 
2005 

KX, GEAR pncjMAT 
e?PMAT(9X. • -UIWITH 
r^tMAT(9X,»TIMC    9 

"Am 
ANO PL; 

ANGULAR 

•MX,F10.0) 
VATITN   ANGLES'/4X,2F20.6) 
PISPLACEMENT   IN   RADIANS1) 

CTHD 

'NO 

21 



OUTP DATr -   74252 15/34/24 p 
SUBROUTINE   nUTPtX,Y,CERY,lHLF»NDIM,PRMT) 

 n!M?N5nN  Y(5),0E:pYi5),PPMT(5l        
WDIT!=(6tli;00)   X.Ytl) 

lOOn   F )RMAT(3X,6=15.6) 
 prnjffFi  

5MH 

22 



6 LEVEL  21 FCT DATE « 74261 

SURWOUTINE FCT(XtY,DERY) 
COMMON/STtFF/TK»TG 
C0MM0N/MASS/AMfAIl»Al2.AtB,6R 
DIMENSION PRMT(5)füERY<5)»AUX(8t5)fY(5) 
PsO.O 
CALL RFORCE(XtTR) 
CALL IF0RCE(X,TH) 
AF*AHS(Y<2)) 
IF(AF.FQ.O.O) AFsl.O 
C=4.0l?SE*O2*6R 

C     EVALUATE RIGHT HAND SIDE OF GOVERNING EQUATIONS 
C 

DERT(l)aY(?) 
DEHY(?)3-TK/AIl«(Y(n-Y(3)*Y(2)/AF*TG)*(TR*TH)/AIl 
DERY(3)sY{4) 
0ERY(4)3TK/AI2»(Y(1)-Y(3)) ♦C/AI2«(P-Y(I)-Y(5)) 
DERY(5)a(4.785047E-5«Y(4)*1.0ni86E-4»OERY(4))«GR-lO.*Y(5) 
RETURN 
END 

23 



LEVEL 21 IFORCE OATE * 74261 

SURHOUTINF. IF0RCE(X»TH) 
COMMON /ANfil 1/   PHI.ALPHA»SAtCAtSP»CP 
COMMON/MAS<;/AMtAIl»Al2»A»HtGR 
COMMON/MOT TON/1M,N 
COMMON /NUMH/ NlTER»HOAT»Xo»RPLT(5)tCONFI6(3) 
COMMON /ACCEL/ Tl(2600)fT2(2600)tT3<2600)iUDD(2600)t 

S Vr.lH2f.00)»WDD(2600> 
C 

CALL P0INT(X»NUM»XN) 
THX=-Tl(NUM)*(TUNUM)-Tl(NUM*l))«(X-XN)/HOAT 
THYST3(MUM)*(T3(NUM*1)-T3(MUM))»(X-XN)/HDAT 
THZ=T2(NUM)*(T2(NUM*1)-T2(NUM))«(X-XN)/HDAT 
AX=-Uon(NUM)♦(UDO(NUM)-UDO(NUM*1))*(X-XN)/MOAT 
AY=WOn(NUM)*(WOD(NUM*l)-WOn(NUM))»(X-XN)/HDAT 
AZatfOD(NUM)♦(VOO(NUM*l)-VDn(NUM))•(X-XN)/HDAT 
IFUM.FO.N) GO TO 9 

C    FORCE FOR ELEVATION DIRECTION 
TH=-AM*A»(-AY«CA*(AX*CP-AZ»SP)*SA)-AI1»(THX»SP*THZ«CP) 
GO   TO   10 

9 CONTlNliF 
C    FORCE FOR AZIMUTH  DIRECTION 

TH=AM«A*(AX«SP*AZ»CP)-AI1
#
THY 

10 CONTINUE 
RETURN 
END 

-,T -   •3f^W, ■ C* 

2k 

b 



FFOPCE OATF   *   74252 15/34/24 

SlHPniriNE   RFOPCE(XtTR) 
"C?MM5N/AN>.Ll/ P^.ALPhF 

!C(IM.EG.N)   00   TO     9 
*nPC"  PPP   cL£V*TI?N rIPPCTITM 
W=2*2.7 
TP«i50.*ll.*S!NlW*Xl) 
 GC T" io  

9 C^NTINHF 
C FHOCP   Fnp   /»ZIMLTH     DIRECTION 
 W=2*2.7  

TP=3eO.Ml. + SIN(W*X) ) 
if        CCNTINUr 
 H^Tnrra  

e^r> 

C'll!C,; 

25 



I'M/J                                                                                      *»•—  *   v.        —         *    -m mm «*fc 

SUP POUT INE   P KGS (PR MT t Y t OERY t NDIM, IHLF i CC T, HUT P, AUX1 P.! 
c 
r 

OIMrNSI'N   Y(5) v0ERY(5)tAiJX(8f5lf A(4li*(*)iCU)»PRMT(9) 

R 
P' 

Pn   I    !=l,NnTM 
1   Al'X18,I) = .C6666667*DERY(I) 

X=PRMT(1) 

P 
R: 
Rl 

XEKH = P!»MT(2) 
H = PRMT13J 
"RMT(5)=0. 

R 
PI 
R 

c 
c 

CALL  FCMx.Y.rppYl 

epPIR   TEST 

P 
pi 
R' 

r 
!F{M*(xENC-)<)J38,.37,? Rl 

ft! 

r 

t>PFPA»ATIrNS   PCR  RUNGE-K'JTTA   METHOD R< 
2  Ml) = .5 

M2) = . 2<>28<332 
i(3)=i.7C71C7 

Rl 
Rl 

A(4)=.1666667 
■Ml ) = 2. 
«M2l»l. 

Rl 
R1 

P 
«M3I-1. 
3(41=2. 
C(l)=.5 

Rl 
R 
Rl 

C(2)=.2928932 
C(3)=1.7C7107 
r{4)=.5 

Rl 
Rl 
Rl 

c 
c PpPPAPA'ICf-'S   CF   CTRST   RUMGC-KUTTA   STEP 

H"   3   1=1»NDI« 

PI 

Ri 
AUX(l,I)=Y(!) Rl 
iHX(2f !)=PEc Yt I ) p' 
M'X(3»I J=C. R 

3 AUX(6,1)=0. R 
IREC«0 Rl 
H=H+H PI 
THLC=-1 Rl 
IST-P=O P» 
ipvn=" Rl 

C PI 
c Rl 
c START   OF   A   PUNGE-KUTTA   ST = » Rl 

4 !Fl(X*H-XfNOI*h )7,6,5 Rl 
S H=XPNO-X P.i 
6 !CNH=I Rl 

.£. ,...,■■, ■„ v^" ab£3 »  

!>:•     •■.•■-■ 

26 

Rl 
C RTIFDING  CF   INITIAL   VUUES   ?F   THIS   STEP Rl 



'■'"-- ■■ 

PKGS OATE = 74252 15/34/24 

7 CALL CUTP(Ä,Y,CfcPYtIPECtNniMtPRMT) t A,  T , L CT 
!t(p^*(5iKC,ft,4T 

8   !T-$T=0 
9 isr:p = i^Tf-p+i 

PK 
PI» 

T 
c 
c _I_T :  

AJ=A{J) 

o-« li ! = i,Nri? 
Ö1 = H*D';.PY(!) 

IK*I:PKCST RUNG—KUTTA LOOP 

to 

Y(?)=Y(I»*R2 
i>?^o2+P?+P2  
*'!X(6,!)=A'IX(6, I)«-R2-CJ*Pl 
I'M J-t)12,15,15 
J = J*1 

11 

12 
!C(J-3)13f 14(13 

13 X^X+.S*" 
14 ^ALL   PCT(X,Y,^ERY) 

r 

r 

n'i   10 
.-.Hr\   oc   T^hi = (.MT5T  3UNG=-KUTTA   L0.1P 

T"ST   nC   ACCURACY 
lr>   !clI'r$~H6,16,20 

IM 

16   D? 
CASr: 

17   ! = 
ITF$T=C   THEPF   IS   HO   POSSIBILITY   FOR   TESTING   OF   ACCUPACY 
I,NO I« 

17   1IJX 
TT- 

IS~ 

u,: )=Y«!i 
ST = 1 
;F-ISTtP+IST^P-2 

Id   IML 
x = x 

P=IML 
-M 
5* w 

r+l 

r 
—s™ 
t 

Yd 
I*". 1 = 
I =AHX 
Yd ) = 

1,^1« 
(1,1 ) 
AIIX(2,I ) 

!<»   aiJXC (S, I ) =AUX( 311) 

pi   f\cr   !ffT=i   T-S'ING   *P   ACCUPACY" IS   POSSIBLE 
2'j :«■"■- = :%"-Pti 

TP(:ST!_f,-IM ir-!»"*0|2lf23»2l 
21   r UL   <rCT(X,Y.nFPY) 

"^   22   1 = 1,NrIw 

27 

-—' ■  .i.jau not 
*'production 



SKOS DATE   «   74252 15/34/2' 

ft'.lX 
T7~Wx tffW =v U4 ^rrrtm t 

Cf&UTATIFH 
nrLT=C. 
T-   24   1=1,NP 

U   T?^  VÄLtJP 'i"LT 

I" 
24   ^^*=C^L**AHX(ft,h*ARS(^JX{4,I»-Y(Ih 

IF(OiiT-FPMT(/») )2<3,28,25 

25   IP(IHL"-I0)?t,36,36 
25   -»3   27   !=l,*OI* 
P.l   Al!xU,!UiUX<5,!)  

ISTEP=!S"cP+ISTEP-4 
X = X-H 

?«   CALL   cCT(X,Y,r>t PYI 
T1   20   T = l, N"> TM 

A-IX( ltl)-Y(T ) 
VLX(?t!)=D£SY(I) 
AUX(3,I)=AUX(6,I) 
Y(I)=AUX{S,!) 

20   ^tPYlIi = AUX(7,1 ) 
TALL   prPU-H,Y,n£PY, IMLF,ND!M,PRMT I 
IF(DSNT(5))VJ,3C,40 

30   r^   31   !=1,N^IM 
Y(I)*AUX(li!) 

31   IFRYl! ) = MIX(2,I ) 
!PCC=I^LF 
!*(ICK1)32,32,39 

r 
r 

32 IHLC=IHLF-1 
S   mURLbP 

TC'CP-ISTTP/? 
M=H*H 

!c(IHL*)4,33,33 
3^   T^^TsIS'^P/? 

34   Ie(Ttt r-.02' P^'U »»35,3 5,4 
TU| c = TMLF-l 
:S''-P = !ST-:P/<> 

Copy g»--» i ■    , r- ^ y^ ^- 

w—:ction 
28 
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