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Objectives: 
 
Based on the fighter aircraft (F104-A), the following is required: 
 

  EEssttiimmaattiinngg  tthhee  lloonnggiittuuddiinnaall  aanndd  llaatteerraall  ssttaabbiilliittyy  ddeerriivvaattiivveessFFiinnddiinngg  
lloonnggiittuuddiinnaall  eeiiggeennvvaalluueess  aanndd  ccoommppaarree  tthheemm  wwiitthh  tthhoossee  ccaallccuullaatteedd  
bbyy  uussiinngg  pphhuuggooiidd  aanndd  sshhoorrtt  ppeerriioodd  aapppprrooxxiimmaattiioonnss..  

  
  FFiinnddiinngg  tthhee  llaatteerraall  eeiiggeennvvaalluueess  aanndd  ccoommppaarree  tthheemm  wwiitthh  tthhee  
aapppprrooxxiimmaattiioonn  ssoolluuttiioonnss..  

  
  PPlloottttiinngg  tthhee  ttiimmee  rreessppoonnssee  ooff  lloonnggiittuuddiinnaall  aanndd  llaatteerraall  mmoottiioonnss..  

  
  DDeessiiggnniinngg  aa  ssttaattee  ffeeeeddbbaacckk  ssyysstteemm  iiff  tthhee  ffllyyiinngg  qquuaalliittiieess  aarree  nnoott  
ssaattiissffiieedd..  

  
  
  

BBaacckkggrroouunndd  iinnffoorrmmaattiioonn::  
  
AAiirrccrraafftt  hhaass  mmaannyy  aassppeeccttss  tthhaatt  sshhoouulldd  bbee  mmaaiinnttaaiinneedd  pprrooppeerrllyy  iinn  ddeessiiggnn,,  
aaccccoorrddiinngg  ttoo  tthhee  ttyyppee  ooff  tthhee  aaiirrccrraafftt;;  aallll  ffllyyiinngg  qquuaalliittiieess  wwoouulldd  bbee  ddiiffffeerreenntt  
ffrroomm  oonnee  aaiirrppllaannee  ttoo  aannootthheerr  bbaasseedd  oonn  tthhee  ssppeecciiffiicc  mmiissssiioonn  ooff  tthhaatt  
aaiirrppllaannee..  FFoorr  eexxaammppllee,,  tthhee  ggeenneerraall  aavviiaattiioonn  aaiirrccrraafftt  mmuusstt  bbee  ssttaabbllee  iinn  aallll  
ccoonnddiittiioonnss  ttoo  bbee  mmoorree  sseeccuurree  aanndd  ccoommffoorrttaabbllee  ffoorr  ppaasssseennggeerrss..  OOnn  tthhee  
ootthheerr  hhaanndd,,  tthhee  ffiigghhtteerr  aaiirrccrraafftt  nneeeeddss  ttoo  bbee  ssoommeettiimmeess  uunnssttaabbllee  ttoo  bbee  mmoorree  
aavvaaiillaabbllee  ffoorr  mmaanneeuuvveerriinngg..  TThheessee  ddiiffffeerreenncceess  ooccccuurr  bbeeccaauussee  ooff  ssttaabbiilliittyy  
ddeerriivvaattiivveess  tthhaatt  ddiiffffeerr  ffrroomm  oonnee  aaiirrccrraafftt  ttoo  aannootthheerr..  
IInn  tthhiiss  pprroojjeecctt,,  wwee  wwiillll  ccoonnssiiddeerr  tthhiiss  iissssuuee  aanndd  wwee  wwiillll  ccaallccuullaattee  tthheessee  
ddeerriivvaattiivveess  iinn  aa  ssppeecciiffiicc  ssppeeeedd  aanndd  tthheenn  mmoonniittoorriinngg  tthhee  rreessuullttss  aanndd  sseeee  
wwhheetthheerr  tthheeyy  ggiivvee  rreeaassoonnaabbllee  ssoolluuttiioonnss  aanndd  eexxppeecctteedd  rreessuullttss..  
IInn  mmyy  oowwnn  pprroojjeecctt  II  wwiillll  ccoonnssiiddeerr  tthhee  ffiigghhtteerr  aaiirrccrraafftt  (F104-A) to find 
what stated in the objectives and then come up with some comments and 
conclusions about the results. 
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Here is my aircraft with some coefficients that were given already but 
there are some other coefficients need to be calculated. 
  

    
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (1) 
 
 
I. Estimating the longitudinal stability derivative: 
 
We use the following table to find the longitudinal coefficients: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (2) 
Some of the coefficients are not available in the table. 
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By using the geometry used in figure 1 we can estimate some parameters 
to calculate the needed coefficients. 
 
 
 
For the X-Force: 
 
           C xu = -3 CD = - 0.526 
  
C Xα = CL [1- 2 CLα /(πe AR)] 
 
Assuming that e = 1  
AR = b2/s = 2.45 
 
So: 
              C Xα = 0.078/rad 
 
 
 
For the Z-Force: 
 
              C ZU = - M2 /(1 - M2) CL - 2 CL  
 Where M = 0.257 
And CL = 0.735 (from appendix B) 
 
              C ZU = - 1.52 
 
 
C Zα = - (C Lα + C D) 
 
            C Zα = - 3.7/rad 
 
 
C Zα. = -2 C Lαt η VH dε/dα
 
dε/dα = 2 C Lαw /(π AR) = 0.894 
 
But:      VH = lt St / SC 
 
Assuming that St = 55.4 ft2  ,  lt = 21.94 ft and η = 1 
 
VH = 0.65 
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And assuming that C Lαt =  C Lα /1.486 = 2.31 /rad 



 
So 
            C Zα. = - 2.68 /rad 
 
 
 
C Zq  = -2 C Lαt η VH
 
           C Zq = 3/rad   
 
C Zδe =   - C Lαt η τ St / Sw
 From our text book (figure 2.21) 
 
τ = 0.5 
 
So: 
               C Zδe =   -0.33/rad   
 
 
Above calculations were for the coefficients that are not included in the 
appendix. 
Here, all the longitudinal coefficients that w need are listed below in 
table1: 
 
CC  xxuu  ==  --00..552266                              CCmmαα..  ==  --11..66CCxxαα  ==  00..007788                                CC  mmqq  ==  --55..88    
CC  zzuu  ==  --11..5522                                  CC  LLqq  ==  00    
CC  zzαα  ==  --33..77CC  zzαα..  ==  --22..6688    ((aassssuummee  SStt  ==  5555..44  fftt22    aanndd  lltt  ==  2211..9944  fftt))  
CC  zzqq  ==  33CCzzδδee  ==  --00..3333  ((aassssuummee  SSee  ==  1133..8855  fftt22  ,,  ffrroomm  tthhee  tthhee  ffiigguurree  22..2211  iinn  
oouurr  bbooookk  ττ  ==  00..55))  
CCLL  ==  00..773355                                      CCLLαα  ==  33..4444                              CCmmαα  ==  --00..6644                  CCDD  ==  
00..226633                                      CCDDαα  ==  00..4455                            CCLLαα..  ==  00 
 
 
After finding the longitudinal coefficients we find the longitudinal 
stability derivatives by using the following equations in figure 3: 
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Figure (3) 
 
m = w/g = 16300/32.2 = 506.2 slug 
 
Assuming the velocity u0 = 291.3 ft/s at sea level 
 
Q = ½ ρ u0 = 1009.8 lb/ft2

 
QS/m = 391.2 ft/s2

 
QS/mu0 = 1.34 s-1

 
C/2 u0 = 0.016 s 
 
QSC/Iy = 32.27 S-2

 
(C/2 u0) QSC/ Iy = .516 S-1

 
 
 
 
 
 
By using the equations in figure 3,we find all needed longitudinal 
derivatives as follows in table 2: 
 
xx  uu  ==  --  11..770066                            xx  αα  ==  3300..5511                        xx  ww  ==  00..338833  
                                                                                                                                                                        
  zz  αα  ==  --  11444477..4444                    zz  αα..  ==  --  1166..7777                zz  δδee  ==  --  112299..11  
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    zz  uu  ==  --  22..0044                              zz  ww  ==  --  44..9988                          zz  ww..  ==  --  00..005588                                      
      MM  αα  ==  --2200..6655                        MM  αα..  ==  --  00..8833  
      
        MM  qq  ==  --  22..9999                                MM  uu  ==  00                              MM  δδee  ==  --    4477..1111                                                                
                                                                  
        MM  ww..  ==  --  00..0000228855                  MM  ww  ==  --  00..007711 

Table (2) 
 
 

 
IIII..  EEssttiimmaattiinngg  tthhee  llaatteerraall  ssttaabbiilliittyy  ddeerriivvaattiivveess::
  
We use the following table to find the lateral coefficients: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (4) 
 
 

 
Some of the lateral coefficients are not available in the appendix. 
By using the geometry used in figure 1 we can estimate some parameters 
to calculate the needed coefficients. 
 
C YP = CL tan ^ [AR + cos ^]/[ AR + 4 cos ^] 
 
Where ^ is the swept angle 
From table 1  ^ = 0 
So: 
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                   C YP = 0 
 
 
C Yr = - 2 (l v / b) 
Assuming that l v = 15.5 ft 
So: 
            C Yr = 1.65 
 
 
 
 
The rest of coefficients are available in the appendix as follows in table 
(3): 
 
 
CC  yyββ  ==  --  11..1177                  CC  yypp  ==  00  ((aassssuummee  tthhaatt  tthhee  sswweepptt  aannggllee  ==  00  ))  
CC  llpp  ==  --  00228855                CC  llββ  ==  --  00..117755                          CC  nnββ  ==  00..55  
CC  nnpp  ==  --  00..1144                  CC  yyrr  ==  11..6655  ((aassssuummee  llvv  ==  1155..55  fftt))  
CC  nnrr  ==  --  00..7755                    CC  llrr  ==  00..226655                              CC  yyδδaa  ==  00  
CC  yyδδrr  ==  00..220088                    CC  nnδδaa  ==  00..00004422                    CC  nnδδrr  ==  --  00..1166  
CC  llδδaa  ==  00..003399                    CC  llδδrr  ==  00..004455 
 

Table (3) 
 
 
 
 

After finding the lateral coefficients we find the lateral stability 
derivatives by using the following equations in figure (5): 
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Figure (5) 
 
 
 
By using the equations in figure (5), we find all needed longitudinal 
derivatives as follows in table (4). 
 
 
                              YY  ββ  ==  --  445577..77                  YY  pp  ==  00                              LL  pp  ==  --  1133..1144                                                                                                    
                                                                                                                                                                        
                              NN  ββ  ==  3366..4411                      LLββ  ==  --  221144..22                  NN  PP  ==  --  00..338844  
      
                              YY  rr  ==  2244..33                      NN  rr  ==  --  22..0066                  LL  rr  ==  1122..22                                        
                              YY  δδaa    ==  00                          YY  δδrr==  8811..3377  
      
                              NN  δδaa  ==  00..330066                  NN  δδrr  ==  --  1111..6655                
                                    
                              LL  δδaa  ==  --  4477..7744              LL  δδrr  ==  5555..0099  

Table (4) 
 FFiinnddiinngg  lloonnggiittuuddiinnaall  eeiiggeennvvaalluueess  aanndd  ccoommppaarree  tthheemm  
wwiitthh  tthhoossee  ccaallccuullaatteedd  bbyy  uussiinngg  pphhuuggooiidd  aanndd  sshhoorrtt  
ppeerriioodd  aapppprrooxxiimmaattiioonnss.. 

 
We write the longitudinal derivatives in state space form: 
 
 
 
 
 
 
 
 
 
To find the eigenvalues, we find the A-matrix and the B-matrix to be: 
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A   = 
 
 
 
 
 
 

 
 
 B = 
 
 
 
 
 
By using programming: 
 
The eigenvalues : 
 

• Exact method: 
                                    λλ11  ==  --44..44009933++44..0099ii,,  λλ22  ==  --44..44009933--44..0099ii                        ((sshhoorrtt  ppeerriioodd))  
                                    λλ33  ==  --00..44554411++00..22883366,,  λλ44  ==  --00..44554411  --00..22883366            ((lloonngg  ppeerriioodd))  

For short period: 
η = -4.4093, which means that this mode is stable. 
ω = 44..0099  rraadd//SS 
T1/2 = 0.69/ η = 0.156 S 
P = 2 π / ω = 1.54 S 
N1/2 = 0.11 ω/ η = 0.1 cycles 
 
For long period: 
η = --00..44554411, which means that this mode is stable. 
ω = 00..22883366  rraadd//SS 
T1/2 = 0.69/ η = 1.52 S 
P = 2 π / ω = 22.2 S 
N1/2 = 0.11 ω/ η = 0.07 cycles 
 
 
• Approximation method: 
 
For short period: 
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ω nsp = [zz  αα  MM  qq  //UU00  ––  MMαα]]00..55  ==  55..9966  rraadd//ss  
ζζsspp  ==  ((MM  qq  ++  MMαα..  ++  zz  αα//  UU00))//[[22 ω nsp] = 0.737 
λλ11,,22  ==--  ζζsspp  ω nsp + i ω nsp (1-  ζζsspp))00..55    
  

          λλ11  ==  --44..3399225522++44..0033ii  ,,  λλ22  ==  --44..3399225522--44..0033ii                  η = --44..3399225522, which 
means that this mode is stable. 
ω = 44..0033  rraadd//SS 
T1/2 = 0.69/ η = 0.157 S 
P = 2 π / ω = 1.56 S  
N1/2 = 0.11 ω/ η = 0.1 cycles 
 
For long period: 

       ω n p = [-ZZ  uu  gg  //UU00]]00..55  ==  00..447755  rraadd//ss 
              ζζpp  ==  --  XXuu  //((22 ω n p) = 0.743 
              λλ11,,22  ==--  ζζpp  ω np + i ω np (1-  ζζpp))00..55

 
              λλ33  ==  --00..335533++00..331188ii,,  λλ44  ==  --00..335533--00..331188ii      

      η = --00..335533, which means that this mode is stable. 
   ω = 00..331188  rraadd//SS 
  T1/2 = 0.69/ η = 1.95 S 

        P = 2 π / ω = 19.76 S                       N1/2 = 0.11 ω/ η = 0.09 cycles 
 
The differences between the exact method and the approximated method 
for longitudinal results are shown in table (5): 
 
 
 
 
 
 
 
 
 
 Table (5) 
 
 
As we note in the percentage difference, the difference is a little small 
between the exact method and the approximated method, which gives us 
good evidence that we properly made our assumptions and we kept the 
right way in analysis.   
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 FFiinnddiinngg  tthhee  llaatteerraall  eeiiggeennvvaalluueess  aanndd  ccoommppaarree  tthheemm  
wwiitthh  tthhee  aapppprrooxxiimmaattiioonn  ssoolluuttiioonnss.. 

  
We write the lateral derivatives in state space form: 
 

 
 
 
 
 
 
 
 
 

 
 
To find the eigenvalues, we find the A-matrix and the B-matrix to be: 
 
 
 
 

A = 
 
 
 
 
 
  
 B = 
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By using programming: 
The eigenvalues : 
 

• Exact method: 
 

                                    λλ11  ==  00..00000066                                                                                                                                              ((ssppiirraall))  
                        λλ22  ==  --1133..44001144                                                                                                                                          ((rroollll))  
                        λλ33,,  ==  --11..66885511  ++  66..44005511ii  aanndd  λλ44  ==  --11..66885511  --  66..44005511ii            ((DDuuttcchh  rroollll)) 
    For spiral:  

η = 00..00000066, which means that this mode is unstable.                             
T2 = 0.69/ η = 1150 S 

   For roll: 
     η = --1133..44001144, which means that this mode is stable.                                                       
      T1/2 = 0.69/ η = 0.051 S 
   For Dutch roll: 

    η = --11..66885511, which means that this mode is stable. 
    ω = 66..44005511  rraadd//SS 
   T1/2 = 0.69/ η = 0.409 S 

        P = 2 π / ω = 0.981 S                        N1/2 = 0.11 ω/ η = 0.4 cycles 
• Approximation method: 
 
For spiral: 
λλ  ssppiirraall  ==  [[LLββ  NNrr  ––  LLrr  NNββ]]//  LLββ  ==  00..001144    
η = 00..001144, which means that this mode is unstable.  
T2 = 0.69/ η = 49.28 S 
 
For roll: 
λλ  rroollll  ==  LLPP  ==  --1133..1144   

     η = --1133..1144, which means that this mode is stable.                                                             
T1/2 = 0.69/ η = 0.053 S 
 
For Dutch roll: 
ω DR = [(Yββ  NNrr    --  NNββ  Yrr  ++UU00  NNββ))//  UU00]]00..55  ==  66..0055  rraadd//SS  
ζζDDRR  ==  --11//((22 ω DR)[ (Yββ  ++  UU00  NNrr))//  UU00]]  ==  00..33  
λλDDRR  ==--  ζζDDRR  ω DR + i ω DR (1-  ζζpp))00..55

          λλ  DDRR  ==  --  11..881155++55..7777ii  aanndd  λλ44  ==  --  11..881155--55..7777ii                                        
η = --  11..881155, which means that this mode is stable. 
 ω = 55..7777  rraadd//SS 
 T1/2 = 0.69/ η = 0.38 S 

       P = 2 π / ω = 1.09 S                 N1/2 = 0.11 ω/ η = 0.35 cycles 
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The differences between the exact method and the approximated method 
for lateral results are shown in table (6): 
 
 
 
 
 
 
 

Table (6): 
 
By looking to the values above, we note that the difference is a little 
small between the exact method and the approximated method for roll 
and Dutch roll modes, which gives us good evidence that we properly 
made our assumptions and we kept the right way in analysis. But for the 
spiral mode, the approximation method doesn’t give good solutions.     

  PPlloottttiinngg  tthhee  ttiimmee  rreessppoonnssee  ooff  lloonnggiittuuddiinnaall  mmoottiioonn  
ffoorr  tthhee  iinniittiiaall  ccoonnddiittiioonn::  ∆∆θθ  ((00))  ==  00..11,,  aallll  ootthheerr  ssttaatteess  
aarree  zzeerrooss..  

  
BByy  uussiinngg  pprrooggrraammmmiinngg::  
TThhee  rreessppoonnssee  ooff  lloonnggiittuuddiinnaall  mmoottiioonn  ((ooppeenn  lloooopp))  iiss::  
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 14

Time (sec.)

A
m

pl
itu

de

Initial Condition Results

-3
-2
-1
0

 

To
: Y

1

0

0.2

0.4

 

To
: Y

2

-10

-5

0
x 10

-3  

To
: Y

3

0 2 4 6 8 10 12 14 16 18
0

0.05

0.1
 

To
: Y

4



 
 

Figure (6) 
 
 
 
By looking to the figure (6) above, we note that the aircraft is stable at 
this velocity u0 = 291.3 ft/s, and the system needs little time to reach its 
steady state and quickly damped. 
Actually I think that these result are satisfying pilots since the values of 
the undamped frequency and damping ratio are almost nice and lay in 
(level 2) of aircraft flying qualities. 
 
 
 
 
 
 

 PPlloottttiinngg  tthhee  ttiimmee  rreessppoonnssee  ooff  llaatteerraall  mmoottiioonnss  ffoorr  tthhee  
iinniittiiaall  ccoonnddiittiioonn::  ∆∆ΦΦ  ((00))  ==  00..11,,  aallll  ootthheerr  ssttaatteess  aarree  
zzeerrooss.. 
 

BByy  uussiinngg  pprrooggrraammmmiinngg::  
          TThhee  rreessppoonnssee  ooff  llaatteerraall  mmoottiioonn  ((ooppeenn  lloooopp))  iiss:: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (7) 
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By looking to the figure (7) above, we note that the aircraft is unstable at 
this velocity u0 = 291.3 ft/s because of the spiral mode and that is 
expected because this aircraft is a fighter aircraft and needs to be unstable 
in some conditions to satisfy the mmaanneeuuvveerriinngg purposes.  
Actually I think that these results are satisfying pilots since it has good 
flying qualities. (Level 2) aircraft qualities. 
 
 
 

 DDeessiiggnniinngg  aa  ssttaattee  ffeeeeddbbaacckk  ssyysstteemm  iiff  tthhee  ffllyyiinngg  
qquuaalliittiieess  aarree  nnoott  ssaattiissffiieedd:: 

  
AAccccoorrddiinngg  ttoo  tthhee  rreessuullttss  tthhaatt  wwee  ggoott,,  nnoo  nneeeedd  ttoo  ddeessiiggnn  aa  ffeeeeddbbaacckk  
ssyysstteemm  ssiinnccee  wwee  hhaavvee  ggoooodd  ffllyyiinngg  qquuaalliittiieess..  
  
FFoorr  lloonnggiittuuddiinnaall  ffllyyiinngg  qquuaalliittiieess::  
 In short period mode: 
ζζsspp  = 0.737 (0.35< ζζsspp  <<11..33)) 

    According to this value, this aircraft is categorized to be (level 1, 
category A) aircraft. (Table 4.10 in our textbook) 
 
      In long period mode: 
       ζp ==  00..774433  ((ζp >0.04) 
    According to this value, this aircraft is categorized to be (level 1, 
category A) aircraft. (Table 4.10 in our textbook) 
 
  
FFoorr  llaatteerraall  ffllyyiinngg  qquuaalliittiieess:: 
  In spiral mode:
   T2 = 49.28 S (min time to double is 12 S) 
According to this value,, this aircraft is categorized  ttoo  bbee  ((lleevveell  11,,  ccaatteeggoorryy    
AA))  aaiirrccrraafftt..  ((TTaabbllee  55..44  iinn  oouurr  tteexxttbbooookk))  
  
    IInn  rroollll  mmooddee::
 T1/2 = 0.053 S (the maximum is 1.4) 
According to this value,, this aircraft is categorized  ttoo  bbee  ((lleevveell  11,,  ccaatteeggoorryy  
AA))  aaiirrccrraafftt..  ((TTaabbllee  55..55  iinn  oouurr  tteexxttbbooookk))  
  
    IInn  DDuuttcchh  rroollll  mmooddee::
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ω DR ==  66..0055  rraadd//SS  ((mmiinniimmuumm  iiss  11))  



          ζζDDRR  ==  00..33  ((mmiinniimmuumm  iiss  00..1155)) 
According to this value,, this aircraft is categorized  ttoo  bbee  ((lleevveell  11,,  ccaatteeggoorryy  
BB))  aaiirrccrraafftt..  ((TTaabbllee  55..66  iinn  oouurr  tteexxttbbooookk))  
  
  

••  TThhee  aabboovvee  aannaallyyssiiss  sshhoowwss  tthhaatt  tthhee  ffllyyiinngg  qquuaalliittiieess  ooff  tthhiiss  aaiirrccrraafftt  
aarree  vveerryy  ggoooodd  ssiinnccee  tthheeyy  llaayy  iinn  tthhee  lleevveell  11  aaiirrccrraafftt..  SSoo,,  nnoo  nneeeedd  ttoo  
ddeessiiggnn  aa  ffeeeeddbbaacckk  ssyysstteemm..  

 
 

 
 
 
 
 
Conclusion: 
 
    Actually by going through this project, I found that F104-A aircraft has 
very good flying qualities and its design was perfect. However, I got nice 
result while doing this project of how to deal with different issues and 
how to compromise between different parameters to get the best flying 
qualities and performance of any aircraft. Also I learnt the technique that 
is used to test the flying qualities of any aircraft. For me, I consider this 
project to be a summary for the whole course and good test to see 
whether students understand the course or not. So, thanks go to Dr: 
Hanafy Omar for giving such kind of project.  
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