lITians GATE
CLASSES

A division of PhIE Learning C
[ ]
° ([ ]
®
°
AR
[
* ®

FORMULA SHEET

for

GATE-AE SPACE DYNAMICS




Table Of

Content

Gravitational Basics O
Kepler's Law Ol
Orbital Trajectory Ol
Orbits 03
Additional Concepts 04




OUR ACHIEVERS

GATE-2022 AE

VAVAVAVAY,

SUBHROJYOTI BISWAS SANJAY. S AKILESH . G D. MANOJ KUMAR DIPAYAN PARBAT
IIEST, SHIBPUR ~ AMRITA UNIV, COIMBATORE ~ HITS, CHENNAI ~ AMRITA UNIV, COIMBATORE  IEST, SHIBPUR

AIR-4 AIR-7 AIR-7 AIR-10 AR - 14
And Many More

GATE-2021 AE

VAVAY

NILADRI PAHARI VISHAL .M SHREYAN .C VEDANT GUPTA SNEHASIS .C
IIEST, SHIBPUR MIT, CHENNAI IIEST, SHIBPUR RTU, KOTA IIEST, SHIBPUR

AIR-1 AIR-2 AIR-3 AIR-5 AIR-8
And Many More

0 U R FATHIMA J MOHAN KUMAR .H ARATHY ANILKUMAR NAIR

(MIT, CHENNAI (MVICE, BANGALORE) (AMRITA UNIV, COIMBATORE)
PSU J 0 B HAL DT ENGINEER 2022 HAL DT ENGINEER 2022 HAL DT ENGINEER 2021

SADSIVUNI TARUN VIGNESHA .M RAM GOPAL SONI

(SASTRA TANJORE ) (MIT, CHENNAI) (GVIET, PUNJAB)
HAL DT ENGINEER 2021 MRS E-lI CRL BEL CEMILAC LAB, DRDO




SPACE DYNAMICS

a® GRAVITATIONAL BASICS:

Constants:

1. G=6.67 x 10"*Nm? /kg?

2. Re=6371Kkm

3. M, =598 x 10%* kg

4. u=GM, =3.98 x 10** m3/s?
5. g, =9.81m/s?

Variation of ‘g’ from Earth’s surface:

2h
g=g, [1 — ?] above earth

h
g=g, [1 — E] below earth

GM
8o = Tz
Effect of Earth’s Rotation:

g'=g—owrsin0
Note: g —» max at poles (6 = 0°)
g — min at equator (6 = 90°)

a® KEPLER’S LAW:

First law
A satellite or object describes an elliptical path

around its centre of attraction.

Its path depends on velocity.

Second law
The area swept out by radius vector of object

in equal time remains same.

dA

— = constant
dt

Third law

The square of time period is proportional to
cube of semi-major axis.

T? « a3

ORBITAL TRAJECTORY:

Lagrange’s Function:

B=T—-¢ T-> +Ve,dp > —Ve
Eventually sums up
T->kE¢=PE

Lagrange’s equation of motion

d(aB) (GB) 0 Coordinat
—_—] = —) = . -
dt aql aql H J1 oordinate
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Orbital Equation:

ro

T—1 V2
_Zm

V2 = ()2 + (r6)°
GM,,
r

and p = —
1 . . um
-'-B=T—¢=§m(r2+r292)+7

From Lagrange equation of motion.

For 0 Coordinate:

. const
We getr?0 = =h
m

Angular momentum per unit mass.

For r-Coordinate:
We get equation of trajectory of an object
under conservative force

3 h?/u
r= 1+ ecos(®—c)

Here e = eccentricity.

Orbit Types:

e = 0, circular

e < 1, Elliptiocal
e = 1, Parabolic

e > 1, Hyperbolic

Orbital Energy:

1 . m
KE+P.E=2m (i +1r262) -

VZ

Per unit mass, Et = -5~ % = const

[VZ = i? +r26?]

Relation Between e and Eq:
2h?
e= [1+ F Et
Cases:
—u \
a.e<1,ThenEr <0= |T| > =
Elliptical Orbit

b. e=1,thenET=0=>|_—ru|= V—

Parabolic Trajectory

c.e > 1,thenE >0=>|—_ll|< V—Z
' ’ T r 2

Hyperbolic Trajectory

Escape Velocity:

To escape earth’s gravitation objects kinetic

energy, need to be equal to potential energy

V2 op 2
Er=02——-——=—=0=>V,= |—
T 2 r e r
V, 2GM Re+h

= |[— r =
¢ (Re) ¢

(or)
Ve =+ Zgo(Re)
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a8 ORBITS:

1. Circular:
e = 0, Et <0
_HZ . 2h2
Er = oz | e= |1+ FET
VZ
Also Er =———
SO b 2 -
-2 Vo
2h2 2 r

For Circular orbitr= h?/p
So

=~ Velocity for circular orbit, V, = \E = ﬁ

Escape Velocity from Circular Orbit:

fzu H
AVescape = T - \/;

Time Period:
41?

T2 = — R
GM

2. Parabolic: e=1Er=0

Velocity for parabolic orbit,

’2
V= Tu (same as escape velocity)

hZ
- r, = — — At perigee, 0 = 0°
p 2”
. 2p 2p
— Velocity at pergee, Vipax = |[— =—
r, h

3. Hyperbolic: e>1,Er >0

2/u

1+e

=ale—1)

Radius at Perigee, r, =

Orbital Energy, Er = 2—t

Velocity for hyperbolic orbit

2a
V= E(—+1)
a\r

Velocity at perigee,

e+1
- BES)
a\le—1

Elliptical Orbit:
a= Semi major axis
b= Semi minor axis
For ellipse

Ip + 1y =2a; 1y —rp = 2ae

a(l+e) a(l—o)

2a

Radius at Apogee, r, = a(1 + e)

Perigee, r, = a(1 —e)

b2
Eccentricity,e = [1 — =z
Iy —Ip
B I, +1;
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: —u
E t orbit, Ep = —
nergy at orbit, Et o
. ) u/2a
Velocity at orbit,V = |[— (— — 1)
a\r
Velocity at . v u<1+e
1 Tl 3 = —
elocity at perigee, V,, S\
or
2ur
v, = _ M
rp(ra+rp)
Velocity at Vv, = “(1_e)
elocity at apogee, V, = o e
or
2ur
Vy= |—
ra(ra+rp)
— Ratio of Velocities,— =
V, (1-¢e)

— Escape from elliptical orbit

2a
AVesc T _ -

— Time Period T? = Ta

ADDITIONAL CONCEPTS

Orbital Maneuvers
(1) Earth-satellite system
(a) Hohmann transfer

(b) Inclination Change maneuver

Earth - Satellite system
1. Hohmann Transfer for Raising Satellite

orbit from circular LEO to GEO

PERIGEE
APOGEE

GEO

The total AV required for the Hohmann
transfer will then be

Avtota] = AV1 + AVZ

2Ury R
rp(rp + 15 Ip
L 2Urp
I ra(rp +1p

Inclination Change Maneuver
Simple Inclination change: Maneuver
must occur where the two orbits
intersect.
[Initial Orbit

__________________ N7 . Final Orbit
Ak

If ‘V’ be the circular velocity of the
spacecraft and ‘Ai’ be the inclination

change required.

Vv
Ai/2

AV
\'%

Ai
AV = 2V sin (?)
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