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Abstract 

 

The Ex-USSR was the first nation to attain anti-satellite capability against 

orbiting satellites. The method was to maneuver an interceptor/killer satellite to 

within a certain “kill distance” of the target satellite and detonate a warhead to 

destroy the target. The first target satellite Kosmas 248 was destroyed by the 

interceptor satellite Kosmos 252 and the second target Kosmos 373 was 

disabled by Kosmos 375 in this way. Two further tests were carried out using 

the same “swoop down” technique, where the interceptors in their elliptic orbit 

were exploded at their common rendezvous/perigee points. In February 1971, 

the interceptor Kosmos 397 was exploded near its target Kosmos 394. Then in 

December 1971, the interceptor Kosmos 462 exploded within the kill distance 

of its target Kosmos 459. This paper reports the velocity perturbations analyses 

of the fragments of these two events and discusses their possible outcome. In 

particular, the conflicting assessments of the Soviet and U.S. sources regarding 

the outcome of the Kosmos 397 fragmentation is addressed. Factors such as the 

number of fragments produced, directionality of the fragments, intensity of the 

fragmentation, and target size, are considered. The results support the Soviet 

assessment that the Kosmos 397 mission was a failure.  

 

 

1. Introduction 
Between October 1968 and June 1982, the Ex-USSR conducted several anti-satellite 

(ASAT) tests against orbiting satellites thus becoming the first nation to do so and attain 

ASAT capability [1, 2]. The method was to maneuver an interceptor/killer satellite to 

within a certain “kill distance” of the target satellite and detonate a warhead to destroy 

the target [1, 2]. The kill distance is reckoned to be about one kilometer for conventional 

explosives [2]. The first target Kosmos 248 (K248) was destroyed by the interceptor 

Kosmos 252 (K252) in this way [1, 2]. Likewise, the second target Kosmos 373 (K373) 

was disabled by the interceptor Kosmos 375 (K375) in the same fashion [1, 2]. 

Fragment velocity analyses of the two events showing the directionality of the 
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fragments and strengths of the fragmentations were reported recently [3, 4], using the 

methods of Tan, et al. [3, 4] and Badhwar, et al. [5]. 

In the subsequent ASAT tests by the Ex-USSR, the target satellites were down-

sized from 4.2 m × 1.8 m, 1400 kg to about 1.2 m × 1.0 m, 680 kg [2]. Two further tests 

were carried out using the same “swoop down” technique, where the interceptors in 

their elliptic orbit were exploded at their common rendezvous/perigee points [1, 2]. 

First, on 25 February 1971, the interceptor Kosmos 397 (K397) was exploded near its 

target Kosmos 394 (K394). Then on 3 December 1971, the interceptor Kosmos 462 

(K462) exploded within the kill distance of its target Kosmos 459 (K459) [1, 2].This 

paper presents the fragments analyses of these two events using the methods of Tan, et 

al. [3, 4] and Badhwar, et al. [5]. 

 

 

2. Method of Analysis 
The Gabbard diagram is one of the earliest tools used to study satellite fragmentations. 

It plots the apogee and perigee heights against the periods of the fragments of a satellite 

breakup. The shape and form of the Gabbard diagram can give valuable clues regarding 

the nature of the parent’s orbit, the fragmentation altitude and the fragmentation itself. 

It was shown that for a satellite fragmenting at its perigee, the apsidal points of its 

fragments lie precisely on two straight lines [3, 4]. The perigee line of the fragments is 

a horizontal straight line in the Gabbard diagram passing through the perigee height 

Poh of the parent satellite. The apogee line of the fragments is a straight line passing 

through the apogee height Aoh  of the parent having an equation [3, 4] 
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where a is the semi major-axis, e the eccentricity, and P the period of the parent’s orbit 

at fragmentation; r is the radial distance of the fragmentation point from the center of 

the Earth; and  dvd  the down-range component of the velocity perturbation of a 

fragment. The slope of the apogee line is given by [3, 4] 
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where μ is the gravitational parameter of the Earth. 

The debris pattern in a satellite fragmentation is most conveniently studied from the 

velocity perturbations imparted to the fragments in the parent satellite’s local frame of 

reference at the breakup point [5]. The three orthogonal components dvr , dvd  and dvx  

in a right-handed coordinate system along the radial, down-range and cross-range 

directions are, respectively [5]: 
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where a’, e’ and i’ are respectively the semi-major axis, eccentricity and inclination of 

the fragment’s orbit; and is plane change angle of the fragment’s orbit. In Eq. (3), the 

+ and – signs in the first term correspond to the ascending and descending modes of the 

fragment; and the – and + signs in the second term correspond to the ascending and 

descending modes of the parent at the time of the fragmentation. 

 

 

3. Results 
Data pertinent to the fragmentations of Kosmos 397 and Kosmos 362 satellites are taken 

from References [6] and [7], or calculated and entered in Table I. The orbital elements 

of 54 fragments of K397 cataloged through Day 334 of 1971; and those of 16 fragments 

of K362 cataloged through Day 25 of 1972 were taken from Reference [7]. The 

Gabbard diagrams of the two fragmentations are shown in Figure 1. Only fragments 

with apogee and perigee points lying on the straight lines were retained. Fragments with 

apsidal points lying outside the angles are normally of extraneous origin whereas 

fragments with apsidal points lying within the angles usually suffered extensive drag 

effects.  

  

Table I. Fragmentation/Event Data of Interceptor Satellites K397 and K462 
 K397 K462 Reference 

International Designator 1971-015A 1971-106A [6] 

U.S. Satellite Number 4964 5646 [6] 

Event date 25 Feb 1971 3 Dec1971 [6] 

Dry mass (kg) 1400 1400 [6] 

Dimension (m × m) 1.8 × 4.2 1.8 × 4.2 [6] 

Event altitude (km) 585 230 [6] 

Target satellite K394 K459 [1, 2] 

Break-up cause Explosion Explosion [1, 2] 

Orbital Elements Post-event Post-event [6] 

Epoch 71057.77590281 71339.01001769 [6, 7] 

Inclination (deg) 65.7618 65.7483 [6, 7] 

Eccentricity .1046189 .1062360 [6, 7] 

Mean motion (rev/day) 12.68709606 13.65823046 [6, 7] 

Semi-major axis (km) 7765.341 7392.745 Calculated 

Period (min) 113.5012 105.4309 Calculated 

Apogee height (km) 2199.598 1799.976 Calculated 

Perigee height (km) 574.795 229.224 Calculated 
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Fig. 1. Gabbard diagram of fragments of K397 (left panel) and K462 (right panel). 

 

The velocity perturbations calculations of the fragments are summarized in Table 

II.  

 

Table II. Velocity Perturbations of Fragments of K397 and K462 
 K397 K462 

Fragment count 54 16 

Positive dvd count 20 (37%) 4 (25%) 

Negative dvd count 34 (63%) 12 (75%) 

Positive dvx count 14 (26%) 8 (50%) 

Negative dvx count 40 (74%) 8 (50%) 

Positive dvr count 28 (52%) 16 (100%) 

Negative dvr count 26 (48%) 0 (0%) 

Maximum dvd (m/s) 46.20 69.63 

Minimum dvd (m/s) - 85.61 - 167.11 

Mean dvd (m/s) -7.80 - 32.45 

Maximum dvx (m/s) 95.25 92.74 

Minimum dvx (m/s) - 138.00 - 107.68 

Mean dvx (m/s) - 10.79 0.62 

Maximum dvr (m/s) 111.70 108.55 

Minimum dvr (m/s) - 75.80 0.00 

Meandvr (m/s) 4.81 52.80 

Mean dv (m/s) 47.03 85.34 

 

0

500

1000

1500

2000

2500

3000

90 100 110 120 130

Period, min

A
lt

it
u

d
e
, 
k
m

K397

♦   Apogee

■  Perigee

0

500

1000

1500

2000

2500

80 90 100 110 120

Period, min

A
lt

it
u

d
e
, 

k
m

K462

♦  Apogee

■  Perigee



Fragments Analyses of the Soviet Anti-Satellite Tests – Part3 5 

 

The maximum, minimum and mean values of dvd, dvx and dvr and the mean values 

of dv are shown in the table as well as the fragment counts in the positive and negative 

directions. Out of the 54 K397 fragments, 34 (or 63%) were ejected in the negative 

down-range direction; and 40 (74%) were ejected in the negative cross-range direction. 

In other words, the fragments showed a high sense of directionality in the horizontal 

plane. In the vertical direction, however, almost an even number of fragments headed 

above (52%) and below (48%) the horizontal plane. In the case of K462 fragmentation, 

75% of the 16 fragments were ejected in the negative down-range direction; an even 

number of fragments were ejected in the positive and negative cross-range directions; 

and all the fragments were headed in the upward direction, i.e., towards the target 

satellite K459. The mean values of dv of the fragments were 47.03 m/s and 85.36 m/s 

for the K397 and K462 fragmentations, respectively. 

Fig. 2 shows the scatter-plots of the velocity perturbation components of the K397 

fragments in two mutually perpendicular vertical planes: one, containing the 

momentum of the parent, i.e., the orbital plane (left panel); and two, containing the 

orbital angular momentum of the parent (right panel). Fragments showed greater 

dispersion in the vetical direction in both planes, even though roughly equal numbers 

were found above and below the horizontal plane. In general, there were more 

fragments in the negative dvd and dvx directions, but their dispersions were smaller.  

 

 
Fig. 2. Scatter-plots of the velocity perturbations components of the K397 fragments 

in two mutually perpendicular vertical planes, one containing the momentum of the 

parent (left panel) and two, the orbital angular momentum of the parent (right 

panel). 
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Fig. 3 shows the scatter-plots of the velocity perturbation components of the K462 

fragments in two mutually perpendicular vertical planes: one, containing the 

momentum of the parent, i.e., the orbital plane (left panel); and two, containing the 

orbital angular momentum of the parent (right panel). In the orbital plane, most of the 

fragments were headed in the upward (positive dvr) and backward (negative dvd) 

directions; whereas in the latter plane, the fragments headed almost entirely in the 

vertically upward direction, i.e., towards the target satellite K459. 

 

 
 

Fig. 3. Scatter-plots of the velocity perturbations components of the K462 fragments 

in two mutually perpendicular vertical planes, one containing the momentum of the 

parent (left panel) and two, the orbital angular momentum of the parent (right 

panel). 

 

 

4. Discussion 
It is interesting to note that the assessments regarding the outcome of ASAT assault of 

K397 on K394 were mixed, with U.S. sources calling it a success [1] while the Soviet 

sources deem it a failure [2]. It may well be that the two sides used different criteria for 

the outcome, with the Soviet criterion being the more stringent of the two. It is plausible 

that the Soviet criterion used was a disablement of the target, whereas the U.S. criterion 

could have been a rendezvous of the target and interceptor within the “kill distance” 

(cf. Reference [2]). In that case it is quite likely that the target K394 emerged intact 

from the test with its radio transmissions still working. 

In order to delve into this further, we have gathered the fragments results of the four 

ASAT events where the interceptor fragmented below the target at the 
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rendezvous/perigee point in Table III (taken from References [3, 4] and the current 

study). Three factors affecting the outcome of the tests are: (1) the number of fragments 

produced (crudely characterized by the number of trackable fragments); (2) fragments 

directed towards the ASAT target; and (3) the intensity of the fragmentation as 

characterized by dv. As for the first factor, the first three fragmentations (K252, K375 

and K397) all had better chances of success than the fourth (K462). As for the second 

factor, the first, second and fourth fragmentations (K252, K375 and K462) had better 

chances than the third (K397). As for the third factor, the first and fourth fragmentations 

(K252 and K462) were more favorable than the second and the third (K375 and K397). 

Summing up, all three factors were favorable in the K252 fragmentation; two factors 

each were favorable in the fragmentations of K375 and K462; and only one factor was 

favorable in the K397 fragmentation. Additionally, the smaller dimensions of the 

targets for the K397 and K462 interceptors rendered their mission more difficult. Thus 

the K397 fragmentation was the most likely amongst the four that may have been a 

failure. This analysis thus supports for the Soviet assessment regarding the outcome of 

K397 mission. 

 

Table III. Comparison of Interceptor Fragments 
 Fragments Positive 

dvr (%) 

Mean 

dvr (m/s) 

Mean 

dv (m/s) 

Assessment 

Soviet U.S. 

K252 60 88 47.07 83.96 Success Success 

K375 62 77 16.12 57.48 Success Success 

K397 54 52 2.37 47.03 Failure Success 

K462 16 100 52.80 85.36 Success Success 
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