ATTACHMENT 1

Safety Board Kinematics Code Validation Summary

Before using the Safety Board’s kinematics programs to
validate the Boeing kinematics method, the programs were
themselves validated. This is outlined on the following

pages.

Simulation program Validation

Boeing provided checkout data, a set of driver control
time histories and simulator results, for the 737-300 when
operated in the speed regime and flaps 1 setting of the
accident. The 737-300 simulation matched this checkout data
(except for high rate stalls, low rate stalls were OK). The
lack of fidelity in high rate stalls does not impact the
validation of the rudder movement which occurred pre-stall.

Columnar program Validation

The Columnar code was validated by comparing the
program output with results calculated on paper for linear
interpolation.

FDRPlus program Validation

The FDRPlus code was validated by using the 737-300
simulation to generate FDR parameters. These parameters
were input into FDRPlus and the resulting aerodynamic
coefficients and other output compared to the parameters
generated by the simulation. The results are presented on
the following pages.
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FDRPIlus Validation
Beta from trace option

Time - secC



FDRPIlus Validation
Beta from trace option

I i ] I
o | “ ” |
@ L S C . ]
= L 1 i i 1
i S Il i |
{ 1 - ) 1
¢ 1 1 TN 1
! I i I l\ i
............... S U o A SO
“ | e
) i | 1 > n
“ “ o _
o~ ks | |
=i = A B 1T T T T L [ ]
& | | ! |
s S . ! | | 1
........ e TSy o - -
i ' [ I = [
” ” V= _
e
....... e
I e & TR ' |
| " O S “
| | | I -~ Hﬂl
v|||||»L_i}\r>v1_r ||||||| _| ;'\!\H\l\l\‘l\‘\ll\llw“l||y|.|\Mw|||||
I I ‘a = [
“ " 0 “
“ " ¢ |
m " , ”
=" _ : |
® = | | ”
1se |-G e -]
£ (14 " ” "
—— D 1 |
»w | ” |
_______ _ ) i 7 1 1 _ 1 1
© < N o N < ©
o (=) =) o o o
= S S = S S
(=) o o o o o
[]
W - jualoyjaon Juswoly BuiMe

[P

12 14 16 18 20

10
Time (sec)



(oos) awilL

oz 8 9L ¥ ¢ o 8 9 ¥ T O
————m €00°0"

__._________—__d____________ﬂ____

....... - zoo0-

......... 100°0-

‘‘‘‘‘‘‘ 100°0

uonejhwis o | 2000

' |
1 I
1 i
i i
! !

L

€000

uondo ases} woJj eyad
uonepljeA snidyd4d

110 - juaid}a0) JUSWON puijjoy



(oos) awin}

oz 8 9 vi z o 8 9 ¥ T
AR R D
| SnId¥ad | o ]
,,,,,, tooo|uomelnulg o |1

uondo aosel} wouy eyjag
uoljepijeA snijdad4d

Bop - yoeny jo ajbuy



oc 8i

(pos) awn}

8 9

snidyad v |
uopejnuwis o

___a_—_A__A~__

uonjdo aseu} wouj ejag

uoljepijeA snidya4d

0ce

d
(RS



(o9s) awi]

9l vi ¢l ol 8 9 L4

_______ﬂ_____
|

|
o W o RN SNidYAd —»—
o uopeInuIs

uondo ases} wouy ejag
uonepljeA snidyua4d

2 ° e w e »
(93s/}) - A - Aoojep sixy Apog [elsje

v
F



(09s) awn ]
114 8l 9l 142 cl 1]% 8 9 14 c 0

_-__m____

___.________J\___q___q__u_____.___

| | b 1

+

_
I
) ) I
| 4 i
|I— = = = = = - b = -~ 4 - - = = -~
t i i
i { |
H

...... | snidyad ¥ [
uogeINWIS o

e e —— — == =~

|
)
i
|
|

I
|
)
!
1
1
T T
t
1
|
i
I
I
+

— - m e m - = =

uondo adeu} wouj ejag
uonepijeA snidya4d

W ¥ N O 00 O <
< & T O M

0

<t
(0asp)) am - A3o0laA Z sixy Apog

(=4
T}

N
w



(o9s) awin )

0c 8L 9 14 cl ol 8 9 L4 A 0

L I

| smidyad oy |-
uogeInWIS o

uondo adeJ) wouj ejag
uonepijeA snidyd4d

©
i

¥

N
(oas/Bap) qd - @jey |10y sixy Apog

<t



(09s) awiy
0¢ 8l 9l vi cl ol 8 9 14 [4 0

U _ LB B | _ LA _ LU _ LA S _ LN w LI m UL ] “ LB _ T
| t | 1 | i 4 t i -1
i t | ! I | | | | -
y | I 1 | ) | | | 1
IIIIIIIIIII e e it T S e el i B
I | i | t | | i |
' | | ! i 1 ! i 1
l t 1 i | i ! i '
t | I i | I 1 | (
|||||| e e e e i G O U
| | i | I | | | (
| | i | 1 ] | | |
1 ) i | i ! ) ' 1
| 1 | | t 1 t | |
|||||| BT S ol I T Tt U YR
( | | i ) | | ( i
| | + 1 | | | | |
| | | | i I | | |
) t | I i 1 1 1 |
———— b4 - - = S, F— - - = I - — — - e — -~ — 4 - - o - - - — -N
i | I 1 1 1 i
{ 1 1 | 1 |
1 1 ! ! i i
| l ! i i b [
llllll B T S IR | ,* S, e T e JF e Uy TN U DU
t I | | |
{ 1 ) I |
| + > i I !
) t ) . 1 | 1
llllll Y I I o — = - - = = -4 -k - - - - —_——— =l - - - =
I 1 | | i ! I -
| 1 | ) l’ 2 | -1
I ¥ | i T | 1 4
| | 1 i | !
|||||| Bl N A 1S S | [
| 1 | | b I I -
- ! . | i i |
i | 1 i
snid¥ad v | _ _ _
- TEEAEAEsS Y F_ ____ lee = - - — - b 4o e B Lo o - - = R
uonejnwig _ 5 : | " | “ _
a -
i | | 1 i [
! L i ! I I | {
i L - ] i L I3 b

uoijdo aoelsy wodj ejag
uonepljep shid¥a4d

T W
pog

Ixy A

<
Id s

o

N I.D_ -
(oes/6aq) %O - ajey YN

0
o



(o9s) awi)
(174 8l 9l 147 cl ol 8 9 14 [A 0

____—_________ﬁ__N_—_.—_ﬁ_______ﬁ__.__d——___—____\A N'
P
R e RS e ERREEEE LR e ] Sa
“ | | | | | 1 <
_ " | _ | 1 m
...... 4 o ghe
| | 1 1 “ A
| " | _ )
IR S W D T SN G L . mcuM
_ =
| <)
| @
|||||||||||||||||||||||||||||||||| v ° 1
! A
! o
R R R R RERREE s S0g
| o
| Q
| I S
.............................. A - I 0
--| InoxoeyD _y ®
. | uoenuig o o

, X ; ; Sl

uondo aoeu) wouj ejog
uonepijeA snidad4d



R
p

1]

Stabilizer -  (Deg)
R N
o0 o

Control Input to Simulation

FDRPIlus Validation
Beta from trace option
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CoSurf program Validation

The CoSurf code was validated by using the 737-300
simulation to generate aerodynamic coefficients and other
parameters required as input by the CoSurf code. These
parameters were input into CoSurf and the resulting control
time histories compared to the control time histories that
drove the simulation. The results are presented on the
following pages.
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