Kinematics
Closed-Form Body-Rate Transformation
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1. Kinematics

» The closed-form inverse of Sg.
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The closed-form inverse of Sg

p 1 0 —sinf ¢ ¢
g|=]0 cos¢ singcost 6 | 255 0
r 0 —sing cos¢pcost 1/1 1/1

Find the closed-form inverse of the coordinate transformation
matrix;

1 0 —sinf

(x5 y2 51]:[’55 YB EB] 0 cos¢ cosBsing (1)
0 —sing cosfcos¢

coordinate transformation matrix
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X2 = XB ()
Y2 = cosgyp — sin ¢zp (3)
z; = —sinfxg + cosfsin pyp + cos b cos pzp (4)

Multiplying both sides of (3) by cossin ¢ and both sides of (4) by
Cos @ gives

cos fsin gy> = cos 0sin ¢ cos pyp — cos 0'sin® ¢zp

cos ¢z1 = — cos ¢sinxp + cos ¢ cos O sin pyg + cos 6 cos? ¢zp

(5)



AER1202 - ADV FLIGHT DYNAMICS Reference: Kinematics Longhao Qian @2026

Subtracting the first of these from the second,

cos ¢z1 — cosfsin py> = —cos ¢ sinlxg + cosftlzp
6
— Zp = cos¢tanxg — sin pyo + cos psec 0z; (6)
For yg, we divide both sides of (3) by cos ¢, and obtain the

following:

yo
cos ¢

Plugging in the expression of zg from (6), we have

yB = +tan¢zp (7)

Y2

cos ¢
=sin¢gtanflxg + cos gy + sin psec 0z;

yB = + tan ¢(cos ¢ tan Oxp — sin Py» + cos P secz;)



AER1202 - ADV FLIGHT DYNAMICS Reference: Kinematics Longhao Qian @2026

1 singtanf cos¢ptand
%6 ¥6 28| =lxsyo 2] [0 cosp  —sino | (9)
0 sin¢gsech cos¢psech

w = ¢§1 +9X2 + QZ'))_{B

p ¢
xe ¥e 8| |q| =lxsy2 21 | 0
r ¥
1 singtanf cos¢tanf| [p <]5
[x5 y2 z1] |0 cos¢ —sing | |q| =[xBy221]| ¢
0 singsecl cospsecH| |r P
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