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1. Introduction 
 
The Psyche mission has launched for a journey to the 
metal-rich asteroid which is orbiting the Sun between 
Mars and Jupiter [1,2]. Space mining is tested for 
catching the nickel-iron core where it has gotten attention 
for useful resources such as the space gold rush (SGR). 
The capture spacecraft is designed with the orbiting 
mechanics and the power source where the momentums 
of the target asteroid and the spacecraft show a different 
feature compared to conventional chemical propulsion. 
In this work, the atomic propulsion for the spacecraft is 
investigated for the possibility. Fig. 1 shows the 
configuration of capturing a target asteroid. In addition,  
 

 
Fig. 1. Capturing a target asteroid. 
 
there are three main types in Table 1 [3,4]. In Table 2, 
there are economic classifications [5]. Most asteroids  
 
Table I: Type of resources asteroids [3,4] 

Type Meaning 
C Carbonaceous asteroids contain high 

concentrations of carbon compounds and 
silicate compound rocks (Abundant frozen 
water and about 75% asteroids) 

M Higher concentrations of metals (Very 
interested asteroids) 

S Dense and rich in silicate minerals and metals, 
including iron and magnesium (Most 
common) 

 
Table II: List of space mining market [5] 

Classification Content 

Phase Launch, Thrust, Operation and Space 
Vehicle 

Asteroid  C, M, S Types 
Nations USA, EU, RUSSIA, Asia Pacific etc. 

 
present between Mars and Jupiter are called the main 
asteroid belt. Until now, there are counted 1,300,542 
asteroids [4]. Usually, the velocity of impacting on the 
Earth is about 11.2 km/s in minimum, an average 
velocity is 18 km/s, and higher impact velocities are 
averaging about 30 km/s [6].  

To catch this asteroid, the spacecraft is faster to 
exceed its speed. So, powerful nuclear propulsion is 
more effective in that the payload is lighter compared to 
the chemical power sources. Space mining would be 
successful by rocket launching, target catching, nuclear 
propulsion, and so on. Furthermore, the return to Earth is 
another important issue. There are some previous studies 
in space mining. Dallas et al. worked on the sustainable 
concept for space resources [7]. Regarding the space 
economy, Steffen studied the space mining architectures 
[8]. 
 

2. Methods 
 
The mechanics of the target asteroid capture, the 
gravitational acceleration, and the power source of the 
nuclear thermal propulsion (NTR) need to be considered. 
The conventional Newtonian is used to operate the 
asteroid catch spacecraft in which the captured 
spacecraft and the target asteroid move in a head-on 
collision. In Fig. 2, the configuration for the mechanics 
of capturing a target asteroid is shown. The moment  
 

 
Fig. 2. Mechanics of capturing a target asteroid in space 
mining. 
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conservations between the target asteroid and rocket are 
described by basic mechanics [9], 
 ⃗ = ⃗ + ⃗                             (1) 
 
where ⃗  is the asteroid momentum, ⃗  is the capture 
spacecraft momentum, and ⃗ is the post-capture 
momentum. The velocity is, 
 ⃗ = ⃗ + ⃗                              (2) 
 
where ⃗  is the asteroid velocity, ⃗  is the capture 
spacecraft velocity, and ⃗is the post-capture velocity.  
For energy conservation, 

  −  =  ⃗ +  ⃗ −  ⃗              (3) 
 
where ⃗   is the asteroid mass, ⃗   is the capture 
spacecraft mass, and ⃗  is the post-capture mass. The 
energy difference shows the squared velocity difference 
graph in Fig. 3 where the minimum value is on the 18 
km/sec. Then, 
  −  ∝ ()                          (4) 
 

 
Fig. 3. Calculation of the relative speed square. 
 
which is shown in Fig. 4. The proportional energy is 
shown where the spacecraft mass is assumed as 1.0. The  
 

Fig. 4. Proportional energy in space mining. 
 
graph slope goes lower as the asteroid mass increases. 
The gravitational acceleration between the asteroid and 
spacecraft is described as, 

 ⃗ =     =                          (5) 
 
where ⃗ is the gravitational force of vector form,  is the 
gravitational constant, M is the asteroid mass, m is the 
spacecraft mass, and   is the unit vector. So, new 
gravitation   is obtained as, 
  =  +  =     + ′                   (6) 
 
where  is the asteroid acceleration and ′ is the capture 
spacecraft acceleration. For a constant acceleration linear 
motion, 
 ⃗ =  ⃗ +  = 18  / +                 (7) 
 
where ⃗ is the capture spacecraft velocity,  is the period 
to impact, G is 6.67430 ×10−11 N⋅m2/kg2 and the asteroid 
velocity, ⃗, is assumed as the average value of 18 m/sec. 
 It is possible to consider the asteroid’s velocity addition 
term to be negligible because the spacecraft can break the 
asteroid’s movement by fixing to the inner cabin.   
 

3. Results 
 
It is assumed as quadrillions of dollars in space mining. 
There are acceleration and stopping movements of 
spacecraft where the possible cases of post-catching are 
shown between two graphs. If the speed is lower than 18 
km/sec, the direction is the opposite way. If the speed is 
higher than the acceleration case, the efficiency of the 
operation could be lower. Additionally, the energy of the 
spacecraft is represented by the mass of the asteroid and 
spacecraft. Considering the gravitational acceleration of 
the asteroid, the asteroid’s velocity addition term is 
negligible, because the spacecraft can break the 
asteroid’s movement by fixing to the inner cabin. 
Possible operations of spacecraft after asteroid catching 
are described.  
 

4. Conclusions 
 

The importance of space mining is to catch the valuable 
materials in the vast universe. The mechanics of 
momentum and energy have been evaluated for the 
operations of the spacecraft. The SGR is proposed by the 
atomic power-based spaceship. There are some serious 
matters to consider. Some materials can be radioactive if 
the asteroids have a radioactive substance. Therefore, it 
is needed to check the safety of the rocks and any 
contents of the asteroids. In the case of a larger asteroid, 
it is possible to drag it instead of containing it in the cabin. 
The operation of the catching spacecraft should be done 
cautiously for safe driving.  
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