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Abstract 
 

A test of the Ðuro Ðaković Mine Sweeper RM-KA-02 flail was performed in a 
cooperative International Test and Evaluation Program trial between June and October 
2004.  Canada was the lead nation for the test, with Sweden, the UK and the USA as 
partners.  The pre-trial assessment was conducted in Croatia and the performance and 
survivability tests were conducted in Sweden.  The pre-trial assessment is described in 
a separate report.  The project was conducted to the methodology specified in the 
European Committee for Standardisation (CEN) Workshop Agreement “CEN 
Workshop Agreement 15044; Test and Evaluation of Demining Machines” available at 
the International Test and Evaluation Website (www.itep.ws). 

Résumé 
 

Un essai sur le fléau sondeur de mines, RM-KA-02, a été effectué de juin à octobre 
2004, durant un Programme de coopération international d’essais et d’évaluations. 
Canada était le pays chef de file des essais, en partenariat avec la Suède, la GB et les 
États-Unis. La phase précédent les essais a été conduite en Croatie et les essais sur la 
performance et la survivabilité ont été conduits en Suède. La phase précédent les essais 
est décrite dans un rapport différent de celui-ci. Le projet a été conduit selon la 
méthodologie spécifiée par l’entente de l’atelier du Comité européen de normalisation 
(CEN) Entente d’atelier CEN 15044 ; Essais et évaluations des appareils de 
déminage » disponible sur le site Web des Essais et évaluations internationaux 
(www.itep.ws). 
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Executive summary 
 

A test and evaluation project was started in June 2004 to evaluate the Ðuro Ðaković 
Mine Sweeper RM-KA-02 flail.  Through the Canadian Centre for Mine Action 
Technologies (CCMAT), Canada played the lead role in this project, with the Swedish 
Explosive Ordnance Disposal and Demining Centre (SWEDEC), QinetiQ, and 
Institute for Defense Analyses (IDA), representing Sweden, the UK, and the USA 
respectively. 

The methodology specified in CEN Workshop Agreement “CEN Workshop 
Agreement 15044; Test and Evaluation of Demining Machines” was adopted for this 
project, which started with a pre-trial assessment at the manufacturer facilities in 
Croatia.  The entire pre-trial assessment could not be completed at this location but the 
machine was evaluated to an extent that demonstrated it was suitable for continued 
testing. This part of the project is covered in a separate report by QinetiQ. 

In October 2004 the RM-KA-02 was shipped to the SWEDEC facilities outside of 
Eksjö, Sweden where the performance tests and a brief survivability test were carried 
out.  These tests make up the content of this report. 

At approximately 14 tonnes, the tracked, remotely controlled RM-KA-02 fits into what 
is normally regarded as the medium-flail class of machines (6-20 tonnes). 

The RM-KA-02 successfully triggered or neutralized virtually all of the target mines 
used in these trials.  In the worst case performance, 47 of 50 targets either were broken 
apart or triggered, while 50 of 50 targets reflected the best case.  The machine 
demonstrated the ability to dig well beyond the depth required to reach the deepest 
targets.  In all but the most difficult soil, a smooth, uniform cut across the whole width 
of the machine was observed. 

As this machine has already been tested and certified by the Croatian Mine Action 
Centre, and has been used in over 1 million square metres of mechanical clearance 
operations, there was no need to engage in an extensive survivability test.  A single 
anti-personnel mine blast was used to demonstrate the ability of the machine to deal 
with normal operating conditions. 

The machine lacks any kind of automatic depth control or terrain following 
mechanism which means that the operator must make depth adjustments manually.  
This is bound to be difficult to achieve if the operator is any distance from the machine 
or if visibility is poor.  There was some evidence of inconsistent depth control even in 
the ideal conditions of these tests. 

The tests were completed with no breakdowns or maintenance problems of any kind. 

 

Coley G., Fall R., Danielsson G., Blatchford P. and Wye L. (2005). Ðuro Ðaković RM-KA-02 
Flail Test and Evaluation. (DRDC Suffield TR-2005-010). Defence R&D Canada – Suffield. 
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Sommaire 
 

Un projet d’essais et d’évaluations, consistant à évaluer le fléau sondeur de mines 
Ðuro Ðaković RM-KA-02, a débuté en juin 2004. Le Canada a joué un rôle 
important dans ce projet par le biais du Centre canadien des technologies de 
déminage (CCTD) en coopération avec le Centre de neutralisation des explosifs et 
de déminage suédois (SWEDEC), QinetiQ et l’Institut Defense Analyses (IDA). 
Ces organismes représentaient respectivement la Suède, la GB et les É-U.  

La méthodologie spécifiée par l’entente d’Atelier du Comité européen de 
normalisation (CEN) « Entente d’atelier CEN 15044; Essais et évaluations des 
appareils de déminage » avait été adoptée pour ce projet. Ce dernier a débuté par 
une évaluation précédent les essais, chez le manufacturier, en Croatie. Il n’a pas été 
possible de compléter la totalité de l’évaluation précédent les essais dans les 
installations du manufacturier mais les essais effectués ont indiqué que la machine 
convenait aux essais. Cette partie du projet a été documentée par QinetiQ dans un 
rapport différent. 

En Octobre 2004, le RM-KA-02 a été expédié aux installations de SWEDEC près 
de Eksjö, en Suède où ont été effectués les essais sur la performance ainsi qu’un 
essai rapide sur la survivabilité. Ce rapport est au sujet de ces essais.  

Le RM-KA-02 est une machine à chenilles télécommandée qui pèse 14 tonnes et 
fait partie de ce qui est normalement considéré la catégorie des fléaux de taille 
moyenne (de 6 à 20 tonnes). 

Le RM-KA-02 a réussi à déclencher ou neutraliser pratiquement toutes les mines 
cibles utilisées durant ces essais. 50 des 50 cibles ont été atteintes dans le meilleur 
cas et la  pire des performances a réussi à briser ou déclencher 47 des 50 cibles. La 
machine a fait preuve de sa capacité à creuser bien au-delà de la profondeur requise 
pour atteindre les cibles les plus profondes. On a observé une coupe de la largeur de 
la machine, lisse et uniforme, dans tous les sols dont ceux les plus difficiles.  

Cette machine ayant déjà été évaluée et agréée par le Centre de déminage croate et 
ayant été utilisée sur plus d’un million de mètres carrés durant des opérations de 
déblaiement  mécanique, il n’a pas été nécessaire d’entreprendre des essais de 
survivabilité extensifs. Une seule explosion de mine antipersonnel a suffi à 
démontrer la capacité de la machine dans des conditions normales de 
fonctionnement.  

Cette machine ne possède aucun contrôle automatique de la profondeur ni aucun 
mécanisme de lecture du terrain ce qui signifie que l’opérateur doit effectuer les 
ajustements manuellement. Ceci posera éventuellement des difficultés si l’opérateur 
se tient à une certaine distance de la machine ou si la visibilité est faible. On a 
trouvé que, même dans les conditions idéales de ces essais, le contrôle de la 
profondeur était irrégulier.  
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Ces essais ont été complétés sans aucune sorte d’avaries ou de problèmes 
d’entretien. 

 

D
 
 
 

Coley G., Fall R., Danielsson G., Blatchford P. and Wye L. (2005). Ðuro Ðaković RM-KA-02 
Flail Test and Evaluation. (DRDC Suffield TR-2005-010). R & D pour la défense Canada – 
Suffield. 
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1. Introduction 
 

With Canada as the lead nation and Sweden, the UK, and the USA as partners, an 
International Test and Evaluation Program (ITEP) sponsored trial of the Ðuro Ðaković 
Mine Sweeper RM-KA-02 flail was conducted.  The project was guided by the 
methodology outlined in “CEN Workshop Agreement 15044; Test and Evaluation of 
Demining Machines” available at the International Test and Evaluation Website 
(www.itep.ws). 

The trial started in June 2004 when four of the partner ITEP nations, Canada, Sweden, 
the UK and the USA, participated in the pre-trial assessment conducted in Croatia.  
The pre-trial assessment is documented in a QinetiQ report authored by Chris Leach 
which can be found at the ITEP web site (www.itep.ws). 

During the week of 04-08 October 2004, the RM-KA-02 was tested at the SWEDEC 
facilities outside of Eksjö, Sweden.  This part of the project included the performance 
and survivability tests.  The methodology called for performance testing against 
antipersonnel mine targets, and survivability testing using both antipersonnel and 
antitank mines.  Since this machine has already been proven in over 1 million square 
metres of mechanical demining, and has been certified for use against anti-personnel 
and anti-tank mines by the Croatian Mine Action Centre, only a single survivability 
demonstration was conducted. 

An overall description of the test facilities, the test targets and the test methods is 
given in Annex A.  This information is relevant to almost any machine tested at this 
site.  It is summarized briefly below in section 3 along with information that is specific 
to this particular evaluation of the RM-KA-02.  Annex B provides descriptive 
information about the machine from the manufacturer, who can be contacted at 

DURO DAKOVIC Special vehicles 

Dr. M. Budaka 1 

HR-35000 Slavonski Brod 

CROATIA 

Annex C contains representative photographs taken during the performance and 
survivability tests, and the test data sheets used during the trial are reproduced in 
Annex D. 
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2. Machine Description 
 

2.1 RM-KA-02 Flail 

The Ðuro Ðaković Mine Sweeper RM-KA-02 flail is reported to weigh in at 12.5 
tonnes without armour and approximately 14.5 tonnes with the armour protection kit.  
It has an overall width of 2.5 metres and an active width (the width across the chain-
hammer section of the flail head) of 2.0 metres.  A machine this size is generally 
classed as a medium flails.  Figure 1, Figure 2, and Figure 3 provide general views of 
the RM-KA-02, the flail head and the remote control system. 

The machine is equipped with a Perkins 1306-9T diesel engine rated at 168kW 
(225hp).  This engine powers the hydrostatic track drives, the flail rotation and the flail 
elevation systems through separate hydraulic pumps. 

The flail head is fitted with 36 chains with 1 kg hammers along a shaft rotating at up to 
600 rpm depending on the soil conditions.  The chains and hammers are arranged in a 
triple helix around the shaft and extend to a diameter of 900mm. 

 

 
Figure 1. Ðuro Ðaković RM-KA-02 

 

The remote control system provides wireless operation of the machine to a distance of 
at least 400m.  While a camera is available as an option, the unit tested was not 
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equipped with a camera, so a range of 400m is more than sufficient; at distances over 
400m the operator of almost any machine would have difficulty with visual control. 

Annex B contains a brochure from the manufacturer describing the RM-KA-02 in 
detail.  A more detailed description and analysis is provided in the pre-trial assessment 
report by Chris Leach of QinetiQ. 

 

 
Figure 2. RM-KA-02 Flail Head 

 

 
Figure 3. RM-KA-02 Remote Control 
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3. Trial Description 
 

3.1 Test Team 

The core of the trial team for this portion of the project included the following 
personnel: 

• Canada – Geoff Coley (CCMAT); Russ Fall (CCMAT) 

• Sweden – Maj Göran Danielsson (SWEDEC); Capt Patrick Blomander (GÖTA 
Engineers); Lt Tommy Karlsson (GÖTA Engineers) 

• United Kingdom – Peter Blatchford (QinetiQ); Lloyd Wye (QinetiQ) 

• United States of America – Hal Bertrand (IDA) 

The machine manufacturer, Ðuro Ðaković was represented for the trials by: 

• Ivica Pejić (driver) 

• Ivica Hercog (service, electronics) 

• Stjepan Buntak (service, mechanical & hydraulics) 

In addition to the test personnel and the manufacturer representatives, the team was 
augmented by three experts from the field of demining. 

• Col Parinya Chaidilok – Thailand Mine Action Centre (TMAC) 

• Srey Rithisak – Cambodian Mine Action Center (CMAC) 

• Soth Diep – Mines Advisory Group (MAG) 
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Figure 4. RM-KA-02 Test Team 

 

3.2 Trial Conditions 

A complete description of the test areas, the facilities and tools, and the test procedures 
can be found in Annex A.  Annex C provides photographs of the trial setup and also of 
the machine during testing.  To summarize, conditions for the RM-KA-02 test are 
indicated below: 

• Sand compaction levels: 

• Intended: 90% of theoretical maximum dry density (1.891 kg/dm3) = 1.7 
kg/dm3 

• Actual (average of 10 readings for each test area): 

• 93.1% for 0cm DOB area 

• 91.5% for 10cm DOB area 

• 90.4% for 15cm DOB area 
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• Gravel compaction levels: 

• Intended: 94% of theoretical maximum dry density (2.133 kg/dm3) = 2.0 
kg/dm3 

• Actual (average of 10 readings for each test area): 

• 95.3% for 0cm DOB area 

• 94.6% for 10cm DOB area 

• 94.5% for 15cm DOB area 

• Topsoil compaction levels: 

• Intended: 85% of theoretical maximum dry density (2.024 kg/dm3) = 1.7 
kg/dm3 

• Actual (average of 10 readings for each test area): 

• 84.7% for 0cm DOB area 

• 85.4% for 10cm DOB area 

• 82.4% for 15cm DOB area 

• Depths tested in each soil: 0 cm, 10 cm, 15 cm depth of burial (DOB).  See Annex 
A for a definition of depth of burial. 

• Number of test target mines at each depth, in each soil type: 50 

• Witness panels included with each set of 50 targets: 3 – one at the start, one at the 
mid point and one at the end of each test area. 
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4. Test Results 
 

4.1 Effects Against Mine Targets 

This section summarizes the performance of the machine as tested using the mine 
targets.  In addition to simply tabulating numbers, the data is given a statistical 
treatment as suggested by the CEN Workshop Agreement. 

4.1.1 Tabular Data and Explanations 

Table 1 shows the number of mines triggered or left ‘damaged, non-
functional’(neutralized) at each depth, and in each soil condition.  This table 
also indicates the number of untriggered fuzes which were found separated 
from their main charges.  The notes following the table provide additional, 
amplifying information for each case. 

In some cases it may be desirable to know exactly how many mines were 
actually triggered, leaving the rest as either live mines or other hazards that 
need to be removed by other means.  This is shown below in Table 2. 

During each test, at least three people were responsible for counting fuze 
detonations.  After the test was complete, any remaining fuzes would be 
sought using metal detectors. If the fuzes could not be found right away, 
additional steps were taken.  The soil was turned over twice with a farm 
plough, once with a backhoe bucket and twice with an excavator bucket. The 
soil was visually inspected during each operation, and the metal detectors 
were used to check the soil after each turning operation.  In a few cases a 
mine/fuze still could not be found.  In this situation, while extremely unlikely, 
it is possible that the mine/fuze might have been left live and intact.  It is also 
possible that the fuze might have been detonated and not heard by any of the 
three observers.  Finally, it is possible that the mine may have been broken 
apart and the fuze was simply not found despite all the searching.  As such, it 
cannot be stated with complete certainty that this target was triggered or not.  
In this situation, the data in the following tables assumes that the target was 
not triggered or neutralized, but a footnote is added to this effect. 

In Table 1 we can see that the worst performance achieved is 47/50 at 15cm 
in both topsoil and gravel.  This statistic assumes that the fuzes which could 
not be found represent live, intact mines.  As stated above, it is considered 
highly unlikely that this would be the case given the care and thoroughness 
with which the search was carried out.  If we assume that the missing fuze 
represents a mechanically neutralized or triggered mine, the worst case 
performance is 48/50.  No matter which of these two scenarios is accepted, 
this is a very good performance. 
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Table 1. Mine Targets Detonated or Neutralized 

 0 CM 10 CM 15 CM 

 Dead Separate 
Fuzes 

Dead Separate 
Fuzes 

Dead Separate 
Fuzes 

Sand 48/50 1 17 49/50 2 6 49/50 3 5 

Gravel 50/50 4 20 48/50 5 9 47/50 6 4 

Topsoil 49/50 7 12 49/50 8 3 47/50 9 6 

This material is taken from the data sheets contained in Annex D.  This table combines detonated mines with those 
left damaged, non-functional (neutralized).  There were 50 targets in each test condition. 

Notes to Table 1: 

1 Two mines were left live, intact and fully functional. 

2 One mine was left intact with fuze, but the fuze was damaged sufficiently that the 
mine would not function normally.  This is not considered neutralized since the fuze is 
still in contact with the explosive charge and might be able to function under abnormal 
loading conditions. 

3 One mine/fuze could not be found.  If this mine was either triggered or neutralized, 
the value would be 50/50. 

4 No mines were left live, intact and fully functional. 

5 One mine was left intact with fuze, but the fuze was damaged sufficiently that the 
mine would not function normally.  This is not considered neutralized since the fuze is 
still in contact with the explosive charge and might be able to function under abnormal 
loading conditions.  One mine was left live, intact and fully functional. 

6 Two mines were left live, intact and fully functional.  One mine/fuze could not be 
found.  If this mine was either triggered or neutralized, the value would be 48/50. 

7 One mine/fuze could not be found.  If this mine was either triggered or neutralized, 
the value would be 50/50. 

8 One mine/fuze could not be found.  If this mine was either triggered or neutralized, 
the value would be 50/50. 

9 Two mines were left live, intact and fully functional.  One mine/fuze could not be 
found.  If this mine was either triggered or neutralized, the value would be 48/50. 
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Table 2. Mine Targets Detonated 

 0 CM 10 CM 15 CM 

 Triggered Triggered Triggered 

Sand 31/50 43/50 44/50 1

Gravel 30/50 39/50 43/50 2

Topsoil 37/50 3 46/50 4 41/50 5

This material is taken from the data sheets contained in Annex D.  This table includes only detonated mines.  There 
were 50 targets in each test condition. 

Notes to Table 2: 

1 One mine/fuze could not be found.  If this mine was triggered the value would be 
45/50. 

2 One mine/fuze could not be found.  If this mine was triggered the value would be 
44/50. 

3 One mine/fuze could not be found.  If this mine was triggered the value would be 
38/50. 

4 One mine/fuze could not be found.  If this mine was triggered the value would be 
47/50. 

5 One mine/fuze could not be found.  If this mine was triggered the value would be 
42/50. 

4.1.2 Statistical Treatment of Data 

As suggested in the Figure 1 of the CEN Workshop agreement, a collection of 
machine test data is simply an estimate of the actual performance of the 
machine.  The more tests you do, and the more data points you collect, the 
more confident you can have in the estimate.  Intuitively this makes sense; 
you can have much more confidence in a machine that has neutralized 
950/1000 mines than you can have in a machine which has neutralized 3/3, 
even though the second machine appears to have achieved 100% compared to 
95% for the first machine. 

One of the easiest ways to understand the performance data in a statistical 
manner is to present the data in terms of confidence intervals as shown in 
Figure 5 or Figure 6, depending on whether one chooses to regard the missing 
fuzes as live mines or neutralized mines.  Note that these curves are only 
valid for sets of 50 data points. 
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Figure 5. Performance Data – Statistical Treatment Worst Case 
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Figure 6. Performance Data – Statistical Treatment Best Case 

 

To illustrate the interpretation of Figure 5 and Figure 6, consider the data for 
sand at 0cm DOB in either figure (48/50).  You can state that there is a 95% 
probability that the actual performance of the machine in sand at 0cm DOB 
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lies between 90% and 100%.  Note that all of the performance data on the 
best case graph, and almost all of the data on the worst case graph fall in the 
90%-100% band.  Even the worst performance in the worst case scenario falls 
into a band between about 88%-100%. 

Finally, there will often be a desire to compare machines based on their 
performance data.  Simply summing the number of dead mines out of 450 
total mines in the test program does not give useful or meaningful 
comparisons.  Rather, you can refer to the graph in Figure 7 for each different 
soil and depth condition.  To do this: 

• For the machine which apparently has the better performance, enter the 
test number of mines triggered/neutralized out of 50 on the horizontal 
axis and draw a line vertically upward. 

• For the machine which apparently has the worse performance, enter the 
test number of mines triggered/neutralized out of 50 on the vertical axis 
and draw a line horizontally to the right. 
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Figure 7. Machine Comparison Based on Performance Data 

 

• If the two lines meet above the thick blue curve, there is a 95% 
probability that there is no significant difference between the 
performance of the two machines for that soil and depth condition.  If the 
two lines meet below the thick blue curve, there is a 95% probability that 
there is a significant difference between the two machines. 
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4.1.3 Debris and Scatter 

When a machine such as the RM-KA-02 engages a mine target it may leave 
the mine in a number of different conditions.  As described in Annex A, the 
target may be left intact and fully functional or it may be intact but damaged. 
It may be lightly damaged or completely broken apart.  Finally, it may be 
triggered, leaving only a ‘smoking hole’ with a scattering of inert debris. 

After each test in the series, the test lanes were searched as described above, 
and the materials of interest were assembled and inspected.  These materials 
included fuzes, fuze components, intact targets, and mine bodies with most or 
all of their (inert) main charge intact.  The images in Figure 8 through Figure 
16 show the debris collected.  The test data sheets contained in Annex D 
describe the number of fuzes or intact mines that were found and how many 
were damaged (would not function under normal loading conditions).  The 
reader is invited to draw his or her own conclusions about the severity of the 
debris left in and around the area. 

 

 
Figure 8. Debris of Interest – Sand, 0cm DOB 
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Figure 9. Debris of Interest – Sand, 10cm DOB 

 

 
Figure 10. Debris of Interest – Sand, 15cm DOB 
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Figure 11. Debris of Interest – Gravel, 0cm DOB 

 

Figure 12. Debris of Interest – Gravel, 10cm DOB 
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Figure 13. Debris of Interest –Gravel, 15cm DOB 

 

 
Figure 14. Debris of Interest – Topsoil, 0cm DOB 

 

DRDC Suffield TR-2005-010 15 
 
  
 



 

 
Figure 15. Debris of Interest – Topsoil, 10cm DOB 

 

 
Figure 16. Debris of Interest – Topsoil, 15cm DOB 
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Along with the items shown above, remains from the targets which were 
completely destroyed could be found in and around the test lanes.  Like all 
flails, the RM-KA-02 is prone to throwing soil, vegetation and mine fragment 
debris (see Figure 17).  This was observed in all tests, with one test involving 
a fuze being thrown between 22m and 47m forward.  The fuze ended up 22m 
beyond the finish line of the test lane; had it originated near the start line of 
the test lane, it could have travelled almost 50m.  In another case, a mine 
body, without fuse, was thrown approximately 23m to the side and between 
5m and 30m forward.  Again, this behaviour will be common to most, if not 
all, chain flails. 

 

 
Figure 17. Typical Debris Throwing 

 

4.2 Depth and Consistency of Penetration Across The Path 

4.2.1 General 

As described in Annex A, fibreboards were used to measure the depth and 
consistency of penetration across the path of the vehicle.  Three example are 
shown in Figure 18, Figure 19, and Figure 20, below. 
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In Figure 18, it is apparent that the machine has achieved a uniform cut all 
across the width of the flail, at a depth of approximately 22-24cm.  (Note that 
the grid behind the fibreboard is 2cm x 2cm. 

 

Figure 18. Smooth, Uniform Cut at 22-24cm 

 

Figure 19 appears at first glance to show that the machine has achieved a cut 
of greater than 30cm (the height of the boards) all across the width of the 
flail.  Certainly it does show that the maximum depth achieved is greater than 
30cm.  Figure 20 shows a situation in which the end sections of the board 
were recovered, but also some pieces from the middle sections of the boards.  
In this example it is clear that even though the machine has cut below 30cm 
in some places, it has completely missed some other places.  Thus, it is 
important to view images such as Figure 19 with a sceptical eye if there is 
other evidence of possible skip zones. 

 

Figure 19. Cut below 30cm 

 

Figure 20. Skip Zones 
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4.2.2 Depth and Consistency of Penetration in Sand 

The fibreboards in Figure 21, Figure 22 and Figure 23 show an even depth 
penetration of 20cm or deeper.  There is no other apparent evidence of skip 
zones in this test. 

 

 
Figure 21. Depth of Penetration in Sand with mines at 0 cm DOB 
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Figure 22. Depth of Penetration in Sand with mines at 10 cm DOB 
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Figure 23. Depth of Penetration in Sand with mines at 15 cm DOB 

 

4.2.3 Depth and Consistency of Penetration in Gravel 

The fibreboards in Figure 24, Figure 25 and Figure 26 show an even depth 
penetration of 22cm or deeper.  There is no other apparent evidence of skip 
zones in this test. 
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Figure 24. Depth of Penetration in Gravel with mines at 0 cm DOB 
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Figure 25. Depth of Penetration in Gravel with mines at 10 cm DOB 
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Figure 26. Depth of Penetration in Gravel with mines at 15 cm DOB 

 

4.2.4 Depth and Consistency of Penetration in Topsoil 

The fibreboards in Figure 27 show an even depth penetration of 22cm or 
deeper.  There is no other apparent evidence of skip zones in this test. 

While the fibreboards in Figure 28 appear to show a consistent depth of cut 
greater than 30cm, there is evidence of skip zones both during and after the 
test.  It is likely that skip zones would have been apparent on the fibreboards 
had the boards been taller than 30cm.  The magnitude of the skip zones 
cannot be determined. 
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In Figure 29 the first fibreboard appears to show a consistent cut below 30cm 
but as shown in the second and third boards and in the photographs taken 
during and after the test, there is evidence of skip zones.  It is therefore likely 
that boards taller than 30cm would have recorded skip zones. 

 

  
Figure 27. Depth of Penetration in Topsoil with mines at 0 cm DOB 
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Figure 28. Depth of Penetration in Topsoil with mines at 10 cm DOB 

 

26 DRDC Suffield TR-2005-010 
 
  
 



  

 
Figure 29. Depth of Penetration in Topsoil with mines at 15 cm DOB 

 

4.2.5 Depth and Consistency of Penetration – Discussion 

Based on the photographic evidence in the previous sections, the following 
points may be made. 
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4.2.5.1 Sand 

The machine appears able to penetrate consistently and uniformly 
to a depth of 20cm or greater in the sand conditions used in these 
tests.  There was no evidence of skip zones in the sand. 

4.2.5.2 Sand and Gravel 

The machine also appears able to penetrate consistently and 
uniformly to a depth of 20cm or greater in the gravel conditions 
used in these tests.  Again, there was no evidence of skip zones. 

4.2.5.3 Topsoil 

In the topsoil tests, there were significant skip zones found in the 
15cm DOB test.  While the fibreboards do not show skip zones in 
the 10cm DOB test, skip zones are strongly suspected due to the 
photographic evidence shown in Figure 28.  There was no 
evidence of skip zones in the 0cm DOB test. 

While the flail arms were clear of the ground throughout most of 
the 0cm DOB topsoil test, much of the 10cm DOB and 15cm 
DOB topsoil tests had the flail arms touching or even digging into 
the ground surface (see Figure 30).  This effort to penetrate deeply 
appears to correlate with the skip zones.  It also seemed that the 
flail was rotating more slowly during the 10cm and 15cm DOB 
topsoil tests.  Although it could not be verified, this would make 
sense as the hydraulic system would have been loaded more 
heavily digging through the heavy soil. 

It is suggested that the following factors may have contributed to 
the skip zones in the topsoil tests.  Note, however, that the 
influence of these factors could not actually be verified during the 
tests: 

• Vehicle speed to high for heavy soil conditions. 

• Flail rotation speed not maintained high enough during heavy 
soil conditions. 

• Digging too deeply overloads hydraulic system, lowering flail 
rotation speed. 
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Topsoil (0cm DOB) Topsoil (10cm DOB) Topsoil (15cm DOB) 

Figure 30. Height Variations in Topsoil Tests 

 

4.3 Depth Consistency Along the Path 

Figure 31 shows an interesting phenomenon which illustrates the need for automatic 
depth control even on terrain which is almost completely flat.  To explain Figure 31, 
consider the following sequence: 

• As the machine progresses through the lane the flail head might encounter a small 
increase in ground height. 

• On encountering the slight rise, the flail penetrates the ground more deeply, 
digging out a slightly deeper hole and piling up more soil behind the hole. 

• The machine then climbs up the small pile of extra soil, lifting the flail head 
slightly.  The means that the flail chains penetrate to a shallower depth and pile 
less soil into the deeper hole just created. 

• When the vehicle tracks crest over the extra soil and moved into the deeper hole 
(with less fill), the machine dips nose-down and the flail head penetrates more 
deeply again, piling up more soil behind the hole. 

• The cycle then repeats all the way along the lane. 

• Since the variations occur slowly there is little sudden movement to cue the 
operator to make height adjustments and a long, gentle wave is created in which 
the depth achieved by the flail is not consistent. 
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Figure 31. Undulating Terrain Shows Inconsistent Depth Control 

 

Consider now a real-world situation in which the ground is not virtually flat but where 
terrain irregularities are present.  In this case the vehicle will be pitching and rolling 
enough that it will be impossible to notice small depth changes occurring.  Add 
vegetation, dust or other obstacles to the operator’s view of the flail head, and the 
situation becomes even more difficult.  After the machine has passed, the natural 
terrain irregularities will make it impossible to detect the slight depth variations caused 
by this phenomenon.  Of course, it is in this real world situation with natural terrain 
irregularities that the ability to follow those irregularities is critical. 
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This could be avoided by a mechanism which allows the flail head to follow variations 
in the terrain to allow the flail height and depth to remain constant.  An automatic 
terrain following capability is reportedly in the design stages but was not part of the 
machine tested. 

The RM-KA-02 is controlled manually with the operator determining the depth of 
penetration; there is no automatic ground contouring or terrain following mechanism 
or means to set and maintain a specific depth.  While this manual adjustment seemed 
to be made smoothly and easily, the trial team was of the opinion that it will be 
difficult to maintain consistent depth over varying terrain, especially when the 
machine is operated from any distance, or when conditions are particularly dusty.  
Aside from the presence of skip zones, consistency of depth along the path of the 
vehicle will be difficult to maintain with manual control and adjustments.  The 
undulating soil after the passage of the RM-KA-02 in Figure 31 demonstrates this 
problem.  An automatic terrain following system is recommended. 

4.4 Mobility Tests 

A long grassy bank was used to test the slope climbing, descending and traversing 
ability of the RM-KA-02. The gradient varied between about 18° and 32°, the grass 
was damp at the time of the test and the soil was quite soft.  A short route was marked 
out using stakes as shown in Figure 32.  The machine was driven up a gradient of 20-
21°, it was stopped on the slope and then continued to the top. It was then turned 
through 90° and driven along the top of the bank, turned again and driven down a 
slope of 24-25°, again stopping on the slope before continuing the descent. The whole 
test was then repeated with the machine reversing. In each case it showed no signs of 
losing traction or having insufficient torque. The density of the soil at this point was 
measured at 1.772 kg/dm3 and the moisture content measured at 17.85%. 
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Figure 32. The RM-KA-02 ascending a grassy bank with a gradient of about 21o. 

 

Slope traversing was then tested by marking out another route using three stakes as 
shown in Figure 33.  The machine was driven at an angle up the slope past the first 
stake, along the side of the bank past the second stake and back down again past the 
third stake. It then reversed back along the same route. It appeared to only just manage 
to stay on the bank, the lack of lateral traction of the tracks on the soft wet ground 
tending to make it slip down. The manufacturers literature stated a maximum side 
slope of 35°, but one of the operators stated that operation at a severe angle for an 
extended length of time is not advised as the engine can become starved of oil.  The 
soil at one point on this section of slope was measured and found to have a dry density 
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of 1.648 kg/dm3 and a moisture content of 15.98%.  The profile of the two slopes is 
shown in Figure 34. 

 

 

15m 15m

Ground Level

Top of Bank

Wooden
Stakes

(19°) (20°) (25°)

 
Figure 33. The RM-KA-02 reversing along a grassy slope. 
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Figure 34. Profile of Slope for Mobility Tests 1 & 2. 

 

Two attempts were made to climb steeper slopes. At the first location the slope 
averaged 32°, had a dry density of 1.436 kg/dm3 and moisture content of 28.44%.  The 
second location had a slope of about 29°, a dry density of 1.333 kg/dm3 and a 
moisture content of 32.98%. On these two attempts the machine did lose traction; as 
soon as the tracks started to slip they dug into the soft soil and effectively made the 
gradient even higher, preventing any further ascent. 

The machine was then driven up a small hillock covered in light vegetation (see Figure 
35). The maximum gradient ascended was about 26°. The hillock was repeated 
climbed while flailling the vegetation, demonstrating that slope climbing ability did 
not appear to be significantly affected by operation of the flail. 

 

Figure 35. Mobility and Vegetation Cutting Test on Small Hillock 
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A larger vegetated slope, shown in Figure 36 was climbed, at a maximum gradient of 
29° and descended at 31°.  No flailing was attempted during this exercise.  It was felt 
that the vegetation improved the traction available.  The upper left shows the vegetated 
slope following the ascent of the RM-KA-02.  The upper right shows the slope 
following the machine’s descent.  Bottom left is the RM-KA-02 descending the slope.  
Bottom right is an overall view of the site for this test. 

 

  

 
Figure 36. Slope climbing at approximately 30° 
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In order to assess the ability of the machine to follow the contours of uneven terrain, it 
was driven across a heavily rutted field at 90° to the direction of the ruts, whilst 
flailing. The ruts were approximately 40cm deep and 60cm wide. It was observed that 
the operator lowered the flail unit to its lowest position and hence was unable to lower 
it any further when it entered the first rut. The bottom of the rut was therefore not 
cleared to as great a depth as the top. As the flail reached the other side of the rut, the 
operator raised it slightly, but was not able to accurately follow the contours. The end 
result was that the soil was effectively flattened out i.e. the ruts were filled in with soil 
from the higher ground. It would therefore appear that the ground had been evenly 
flailled but it is likely that there would remain parts of ground that had not been 
adequately cleared. It should be noted that the operators stated that they would 
normally clear parallel to ditches rather than perpendicular to them. 

A second run was made across the field, adjacent to the first, but with the operator 
standing behind the machine rather than to its side (as he had been for the first run). 
This made it particularly difficult for him to raise and lower the flail in order to follow 
the contours, demonstrating the benefit of some form of automatic contour following 
system. Figure 37 shows this test.  The top two images show the RM-KA-02 flailing 
through a series of shallow ditches.  The bottom left shows the results of two adjacent 
passes of the machine.  The bottom right is a view of one of the ditches.  Note that the 
processed soil is even; indicating that the flail was not following the contours of the 
ground and, therefore not flailing deep enough in the ditches. 

The operator was then asked to take the RM-KA-02 across a ditch and over a dyke.  
The ditch was approx. 1.5m deep, 3.0m across at the top and 0.75m across at the 
bottom.  The dyke was approx. 1.0m high, 2.0m across at the base and 1.0m across at 
the top.  The operator began flailing as the machine approached the ditch.  Once the 
flail had reached the edge of the ditch, the operator reversed the direction of rotation of 
the flail and backed the machine away from the ditch.  The reverse rotation of the flail 
threw dirt into the ditch.  Once this procedure had been repeated a second time, the 
operator moved the machine forward onto the dirt thrown into the ditch and began 
flailing up the side of the dyke.  The forward rotation of the flails brought more dirt 
into the ditch while digging away the side of the dyke.  By backing the machine then 
flailing forward again the operator was able to lessen the slope of the dyke side.  As 
the machine approached the top of the dyke, the operator, once again, reversed the 
direction of rotation of the flail, which removed the top of the dyke.  With this 
completed, the operator climbed the machine to the top of the dyke and began flailing 
on the other side.  To give a sense of scale a test team member is shown standing in the 
ditch in left side of Figure 38.  The right side of the figure shows the machine in 
operation at this location.  Figure 39 shows the RM-KA-02 cresting the dyke on the far 
side of the ditch.  To the right is an image of the same area from the side.  Note how 
the ditch is entirely filled with soil. It should be noted that this is not a normal 
demining exercise as any mines buried in the bottom and lower sides of the ditch 
would not be neutralized. 
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Figure 37. Terrain irregularity test shows difficulty with terrain following 

 

Figure 38. Ditch and dyke area for mobility test   
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Figure 39. Ditch and dyke area after mobility test 

 

The usable range of the remote control system was checked by performing some basic 
manoeuvring operations from about 220m away, including with the operator not 
having direct line of sight to the machine (standing behind bank). The operator then 
left the machine engine running whilst he walked away, to determine maximum range 
of the remote control (the machine was facing towards the operator, which is 
considered to be the worst case because of the antenna location on the rear). A range 
of approximately 600m was reached before the engine stopped, due to communication 
with the controller being broken. 

4.5 Vegetation Cutting Test 

A line of small trees up to about 6m tall and 5cm diameter was flailed as an initial 
assessment of vegetation clearing ability. The trees were reduced to a fine mulch - see 
Figure 40. 

Two further lines of trees were cleared, with fibreboards buried to indicate how well 
the flail was penetrating the ground while clearing the vegetation.  The lines of trees 
and their fibreboards are shown below in Figure 41 and Figure 42. Figure 43 and 
Figure 44 show line 1 and line 2, respectively, after passage of the machine.  Figure 45 
shows a 14cm diameter tree after an encounter with the flail. The tree was stripped of 
bark and branches and left inline with the direction of travel of the flail.  While all 
other vegetation has been well mulched, the condition and position of the tree indicates 
that there is a possibility of larger trees that have been pushed over, covering and 
protecting mines from the flail hammers. 
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Figure 40. Results of the RM-KA-02 flailing in a stand of small trees. 

 

The witness boards from line 1 are shown in Figure 46.  These boards show that the 
RM-KA-02 was able to dig evenly and to an acceptable depth; in spite of the 
vegetation and rocky soil.  In line two, although the boards were almost completely 
destroyed, it appeared that the flail was still penetrating the ground evenly, or at least, 
to a sufficient depth despite the presence of vegetation and a large number of rocks. 

The first line was 33.5m long and was cleared in 6min 22sec (5.26m/min = 316m/hr), 
the second was 26m long and was cleared in 5min 45sec (4.52m/min = 271m/hr). 

 

Figure 41. Line 1 of trees and fibreboards prior to passage of the flail. 
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Figure 42. Line 2 of trees and fibreboards prior to passage of the flail. 

 

 
Figure 43. Line 1 after the flail. 
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Figure 44. Line 2 after the flail 

 

 
Figure 45. A 14cm diameter tree that has been pushed over and stripped by the flail. 
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Figure 46. Witness boards from line 1 show the evenness and depth of cut.  

 

4.6 Survivability Test 

The CEN Workshop Agreement methodology calls for survivability testing using 
antipersonnel and/or antitank mines.  Antipersonnel mines are required to test all 
machines for susceptibility to damage from normal operational conditions created by 
triggering of antipersonnel mines.  Machines which are advertised for use against 
antitank mines are also required to be tested against antitank mine charges to ensure 
that they are able to absorb antitank mine blasts without undue levels of damage.  
Finally, any machine with a human operator onboard is required to be tested against 
antitank mines to ensure the safety of the operator. 

The RM-KA-02 has been proven in over 1 million square metres of mechanical 
demining, and has been certified for use against anti-personnel and anti-tank mines by 
the Croatian Mine Action Centre.  It was therefore agreed that the survivability of the 
machine had already been demonstrated and that there was no requirement to repeat 
this type of test. A single survivability demonstration was conducted using one 
antipersonnel mine with a main charge of approximately 100grams TNT.  This test, 
shown in Figure 47, showed no visible damage to the machine, the flail chains or the 
flail hammers. 
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Figure 47. Antipersonnel Mine Blast Survivability Demonstration 

 

4.7 Other Observations 

4.7.1 Remote Control System 

The remote control system operated well during the tests.  No malfunctions or 
problems with this system were observed or reported.  It should be noted that 
the operator walked along very close behind or even beside the machine 
during the performance of the tests.  This allowed him to closely observe the 
operating conditions, but it may not reflect results if the operator is required 
to remain at a distance behind the machine. 
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4.7.2 Speed 

The machine used the lowest available speed setting (nominally 300m/hour) 
for all of the test lanes.  Speeds were calculated by measuring the time to 
complete the 25m pass through the test area, and are shown below in Table 3.  
The sand and gravel lanes showed that this speed is appropriate for these 
conditions.  In fact, it may be possible to run at increased speeds in these 
conditions but this was not tested. The presence of skip zones in the topsoil 
lane suggests that the speed may be too high for these soil conditions 
especially when attempting to penetrate deeply.  It is suggested that a lower 
speed setting would probably be useful and appropriate for these conditions, 
but again, this was not actually tested.  It would be very easy for a 
manufacturer or a machine user to arrange fibreboard tests in local soil 
conditions to determine appropriate speed ranges. 

 

Table 3. Speeds Achieved 

 0 CM DOB 10 CM DOB 15 CM DOB 

 metres/hour metres/hour metres/hour 

Sand 287 277 279 

Gravel 264 261 297 

Topsoil 253 247 262 

 

4.7.3 Initial Stabilization 

When the machine started each test lane the flail created a small hill over 
which the machine had to climb.  It then dipped into the hole that had been 
created before finally levelling out. This is shown in Figure 48.  From an 
operational point of view, this points to the need to ensure that the machine is 
started far enough back to ensure that it has stabilized before encountering the 
untreated ground. 
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Figure 48. Need for Stabilizing on Startup 

 

4.7.4 Flail Shroud Design 

The flail shroud design ensures that the most of the soil and other debris 
generated by the flail is thrown forward rather than up in the air.  This should 
help minimize debris on the machine and visibility problems, although its 
effectiveness could not be completely evaluated due to the wet soil and 
vegetation conditions; its effectiveness in dry conditions might be different.  
What makes the shroud unique is that the shroud is largely open to minimize 
blast containment in the case of landmine detonation.  This will help 
minimize damage from mine blasts. 

4.7.5 Debris Traps 

There are two parts of the machine which caused some concern in terms of a 
tendency to collect soil and debris.  Figure 49 shows the area under the top 
track where soil and debris collected.  The main structural member has a 
peaked top which actually traps debris which then has to be removed 
manually.  It is not difficult to imagine hazardous fragments ending up in this 
location.  Modifying the top profile of this components would help minimize 
this potential problem. 
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Figure 49. Debris Collects Around Tracks 

 

Figure 50 shows a second location which at which soil, debris, and potentially 
hazardous materials can collect. Immediately behind the flail shroud is a V-
shaped cavity which must be cleaned manually.  The photographs in Figure 
50 show approximately 10cm of soil, part of a test mine, and vegetation 
debris, all of which must be cleaned out manually.  During the mobility 
testing this part of the machine was actually filled with soil to a depth of 
about 40cm (see Figure 51).  Should a fuze, a live mine, or some other 
hazardous item be present, this could present a real safety risk.  Some of the 
surrounding components make cleaning this area very awkward, which may 
tend to exacerbate safety issues. 
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Figure 50. Debris Collects Behind Flail Shroud (1) 
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Figure 51. Debris Collects Behind Flail Shroud (2) 

 

4.7.6 Hammer Wear 

Each of the test lanes included approximately 25m of test area plus 5-10m in 
advance of the test area to ensure the machine was stabilized and digging 
properly.  In total, this amounts to about 100m in each of the three soil types.  
Following the 300m of test lanes and some vegetation and soil flailing outside 
of the test lanes, the hammers showed considerable wear as shown in Figure 
52.  This was accomplished in approximately 8 hours of total machine 
operating time, with actual flailing time being somewhat less.  As the degree 
of hammer wear seemed excessive, the test team questioned whether the 
hammers supplied with the machine were the standard hammers normally 
used.  As noted in Annex E, the manufacturer later confirmed that, due to a 
supplier error, the hammers had not been correctly heat treated. 
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Figure 52. Hammer Wear after approximately 8 hours operating time 

 

4.8 Manufacturer’s Comments 

Ðuro Ðaković has provided feedback to a draft version of this report.  This response is 
contained in Annex E.  The first four points in the letter have been addressed and 
changes to this report have been made. 

The manufacturer’s comments regarding the possibility of skip zones in the 10cm 
DOB topsoil lane have been considered, and the text has been revised from its form in 
the draft version of the report.  The conclusion, however, remains the same; despite the 
fact that the fibreboards did not show any skip zones, the photographs taken during the 
test (Figure 28) show evidence that skip zones are distinct possibilities.  The depth at 
which skip zones may or may not be present is a matter of conjecture, and the 
manufacturer may indeed be correct about the skip zones being below 20cm.  There is 
no way to confirm this either way. 

The remaining comments in Annex E are self- explanatory. 

 

DRDC Suffield TR-2005-010 49 
 
  
 



 

5. Conclusions and Recommendations 
 

5.1 Positive Observations 

The Ðuro Ðakovic RM-KA-02 has many desirable characteristics.  It is ruggedly and 
durably built, with good access for maintenance and servicing.  It has a good suite of 
protective armour which should be adequate against normal minefield fragmentation 
hazards. 

The remote control system operated well and did not display any problems during the 
tests.  The system provided the necessary smooth, consistent, low speed vehicle drive. 

This machine is supplied with sufficient power for the task of ground penetration in 
most situations.  The power is supplied in a way that maintains flail speed even when 
the vehicle drive is loaded. 

The combination of low speed control and sufficient power to the flail head meant that 
the RM-KA-02 was able to dig well beyond the 15cm depth of burial without any 
difficulty or evidence of skip zones in all but the most difficult soil conditions. 

5.2 Areas Requiring Attention 

There were four main areas which the test team thought would benefit from some 
attention. 

• The hammers used in the trial showed a great deal of wear in a relatively short 
period of operation.  This was later revealed to be due to a supplier error in 
providing the machine with hammers which had not been heat treated. 

• A system to automatically follow irregularities in the terrain is strongly 
recommended.  It may be possible to make such adjustments manually if the 
operator is always close to the machine and if visibility is not a problem; the trial 
showed that even in ideal conditions variations in depth will result. 

• To allow soil penetration without skip zones, a lower speed setting is 
recommended.  A faster flail rotation might also help, but neither was actually 
tested since modifications to the machine would have been required. 

• Two parts of the machine showed a tendency to collect soil, vegetation, and 
potentially, mines or mine debris.  It would be useful to consider modifications to 
prevent debris from accumulating below the top track and behind the flail shroud.  
Alternately, some means to clean debris from these locations without putting 
personnel at risk would minimize the problem. 
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5.3 Recommendations 

The RM-KA-02 is considered to be a very capable, well built machine.  The two most 
critical areas which the trial team recommend for attention are a lower speed setting to 
avoid skip zones in difficult soil, and an automatic terrain following system for the 
flail head. 

From a test methodology perspective it is recommended that taller fibreboards be used, 
especially with machines such as the RM-KA-02 which have the potential to 
completely destroy boards which are only 30cm tall.  It may also be useful to conduct 
a more thorough fibreboard test in which speed is varied to determine the maximum 
speed that can be used without producing skip zones. 
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Annex A – Trial Description 
 

The following material provides an overall description of the test facilities, the test 
targets and the test methods.  This information is relevant to almost any machine tested 
at this site.  It is summarized briefly in the main body of this report along with 
information that is specific to this particular machine evaluation. 

Test Facilities and Tools 
The test facilities at Norra Kulla, just outside of Eksjö, have been used to test several 
pieces of equipment in recent years.  This site includes three soil environments 
specifically for performance tests.  Parallel lanes 5m wide and 100m long provide 
compacted sand, compacted gravel and compacted topsoil.  The sand and gravel lanes 
are easily replicated almost anywhere.  As the characteristics of topsoil may vary from 
one location to the next, data from the topsoil lane may not be quite as repeatable. 

The soil in each test lane was prepared as follows.  Prior to a test the soil was loosened 
with ordinary agricultural or construction equipment, and then compacted using the 
vibratory compacter as shown in Figure A-1.  The soil compaction and moisture 
content were monitored until the compaction reached the defined level (shown below) 
for that soil type.  Compaction and moisture content were measured using the CPN 
International model MC-3 Portaprobe shown in Figure A-2.  For each test area 10 
readings were taken at a depth of 20cm below the ground surface.  These 10 values 
were averaged to establish the compaction and moisture levels for that area. 
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Figure A-1. Soil Preparation – Loosening and Compacting The Soil 
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Figure A-2. MC-3 Portaprobe for Measuring Soil Compaction and Moisture Content 

 

Soil Compaction 
Ideally the soil would be compacted to virtually 100%, or its theoretical maximum 
level of compaction.  This is very difficult to achieve, and depends on the moisture 
content of the soil.  Based on the results of soil analyses conducted for SWEDEC, the 
compaction levels shown below were selected to allow testing over a range of soil 
moisture contents, and are reasonable and practical approximations of well compacted 
soil. 

• Sand: 90% of theoretical maximum dry density (1.891 kg/dm3) = 1.7 kg/dm3 

• Gravel: 94% of theoretical maximum dry density (2.133 kg/dm3) = 2.0 kg/dm3 

• Topsoil: 85% of theoretical maximum dry density (2.024 kg/dm3) = 1.7 kg/dm3 

An example of a soil analysis for the topsoil is shown in Figure A-3.  In this Swedish 
language chart, the horizontal axis refers to the moisture content (by weight), while the 
vertical axis shows the density, with a maximum occurring at 2.024 kg/dm3.  A 95% 
compaction level (approximately 1.9 kg/dm3) could only be achieved with soil 
moisture contents between 6% and 12%; this might restrict testing if the moisture 
content were out of range on a given day.  By comparison, compacting the topsoil to 
approximately 1.7 kg/dm3 results in the soil reaching 85% of its theoretical maximum 
compaction.  For the topsoil this is a useful target since it can be achieved without 
undue difficulty, and also because it is achievable over a wide range of moisture 
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contents up to 18% or greater.  Similar analyses were done to select the compaction 
levels for the sand and gravel areas. 

 

 
Figure A-3. Soil Analysis - Topsoil 

 

Soil Particle Size Distribution 
Samples from the sand, gravel and topsoil areas were analyzed to determine particle 
size distribution, with Figure A-4 showing the results. 
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Figure A-4. Soil Particle Distributions 

 

Test Targets 
The test targets used in this trial were the standard SWEDEC mine surrogates shown 
in Figure A-5 and Figure A-6.  The targets make use of live fuzes from the M/49 
antipersonnel mine, installed in inert, plaster-filled plastic bodies.  These targets 
closely replicate many typical, small, antipersonnel landmines which a machine might 
be expected to encounter. 

For the trial, 50 targets were buried at each depth, in each soil.  Based on three depths 
in each soil type, this translated to 450 individual mine targets for a complete trial.  To 
simplify the test procedures and data collection, each test comprised 50 targets, all at a 
single depth.  Once that test was completed, another 50 targets were placed at a 
different depth or in a different soil. 

The targets were located approximately 0.5m apart to minimize the effects of soil 
disturbance from one target to another.  They were laid in a path whose width was 
approximately 50% of the width of the machine working tool.  In other words, a 
machine with a 2 metre wide tool would have targets spread approximately 0.5m on 
either side of the machine centreline, for a total path width of 1 metre. 
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Figure A-5. SWEDEC Antipersonnel Mine Surrogates 

 

 
Figure A-6. SWEDEC Antipersonnel Mine Surrogates Ready For Testing 
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Mine Target Burial 
In all cases, the mines were buried as shown in Figure A-7.  The depth of burial 
(DOB) was measured from the top surface of the mine (not the top surface of the 
fuze), to the ground surface.  Hence, a burial depth of 0 cm is illustrated in Figure A-5, 
above.  To minimize soil disturbance, the tool shown in Figure A-8 was used to pull 
out a soil core just slightly larger than the mine body.  The live fuzes were installed 
only just before the test began. 

 

DOB – Subsurface DOB – Surface (flush) 

Figure A-7. Depth of Burial For All Mine Targets 
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Figure A-8. Mine Target Burial Tool To Minimize Soil Disturbance 

 

Mine Target Level of Damage 
In accordance with the CEN workshop agreement, the results of the tests against mine 
targets were evaluated as follows. 

• Live, undamaged: Targets in this condition have not been damaged in any way, 
and remain fully functional. 

• Damaged, functional:  Targets in this condition have been damaged by the 
machine but remain functional.  This could include mines which have had part of 
the main explosive charge broken away, but where the fuze/initiation train remain 
attached to remaining explosive material.  Alternately, as shown in Figure A-9, it 
could be the fuze which has sustained damage, but which remains functional and 
able to detonate the mine. 

• Damaged, non-functional:  Targets in this condition have not been triggered, but 
have been broken apart to the point where they can no longer function.  This may 
be as simple as having removed an intact, functional fuze from an intact mine 
body, or it may be a complete mechanical shredding of all components of the mine 
and fuze.  Figure A-10 shows three example of this condition.  From left to right, 
they include (i) a broken fuze torn from the main charge, (ii) an intact fuze torn 
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from the main charge, and (iii) an intact main charge without a fuze. While not 
explicitly required, data was also recorded to indicate non-triggered fuzes found 
separated from their respective mine bodies after each trial.  Examples are seen in 
Figure A-11 in which the top row shows intact, functional targets missed by a 
machine.  The second row shows fuzes separated from their mine bodies, and 
fuzes still attached to the upper parts of the mine bodies but separated from what 
would, in a real mine, be the main explosive charge.  The bottom row shows the 
lower bodies of targets which were broken apart without triggering the fuze, and 
where the bulk of the plaster (the main charge in a real mine) remains intact. 

• Triggered: Mines in this category are known to have been triggered by the 
machine.  Since real mine fuzes were used in this trial, it was a simple matter to 
count the detonations as the machine progressed.  Figure A-12, captured from 
video records of a different machine, shows a mine target being triggered.  Just 
ahead of the smoke from the fuze, part of the red casing can be seen being 
expelled from the area. 

 

 
Figure A-9. Level of Damage – Damaged, functional 
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Figure A-10. Level of Damage – Damaged, non-functional 

 

Figure A-11. Samples of Untriggered Targets After Test 
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Figure A-12. Level of Damage – Triggered 

 

Witness Boards 
Along with the mine targets, witness boards were installed at three locations across 
each lane.  At the start, middle and end of each test area, 3 mm thick, 300 mm tall oil-
hardened (water resistant) fibreboards were installed across the full width of the flail 
head.  Buried flush with the surface as shown in Figure A-13, the boards act as witness 
panels to record the depth of penetration of the flail hammers.  This technique does not 
record the force with which the hammers strike, but it does give a clear, unambiguous 
indication of depth of penetration.  Figure A-13 also shows a typical example of the 
witness boards after a test when some of the neighbouring soil has been removed to 
expose the boards. 

A simple ‘pizza cutter’ tool was devised to make installation of the witness boards 
quick and easy without excessive disturbance of the surrounding soil.  This tool, 
shown in Figure A-14, worked very well in the sand and topsoil but was not very 
effective in gravel, where manual labour was the most effective means. 

 

DRDC Suffield TR-2005-010 63 
 
  
 



 

 
Ready For Test 

 
After Test 

Figure A-13. Witness Boards 
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Figure A-14. ‘Pizza Cutter’ Used to Install Witness Boards 

 

Test Methods 
Following preparation of the soil in the test lanes, and installation of the mine targets 
and witness boards as described above, the machine was prepared for a test run.  The 
machine was positioned about 5-10 metres before the start of the test lane to allow the 
operator to get the machine operating in a consistent, stable manner prior to the start of 
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the lane.  Cameras were started and personnel put in place to count detonations from 
the triggered fuzes. 

A manufacturer’s representative was used as a machine operator to ensure that the 
machine was operated in the most effective manner possible.  When all was ready, the 
machine operator was signalled to begin, and the machine was operated through the 
test area containing 3 witness boards and 50 mine targets.  With two or three people 
counting fuze detonations, the number of ‘triggered mines’ were easily determined. 

Following the machine process, metal detectors were used to locate any untriggered 
fuzes and also the metal washers in the plaster-filled bodies.  In this way, untriggered 
fuzes could be examined and ultimately discarded in a safe manner, and any 
untriggered or damaged mine casings can be inspected to determine the probable level 
of damage inflicted by the machine.  Finally, with all untriggered fuzes removed from 
the area, the witness boards were removed, labelled, and photographed. 

 

 
Figure A-15. Locating Untriggered Fuzes After The Machine 

 

Along with the test lanes, the facilities at Norra Kulla provide office and 
administration space, warehouse and storage space, and basic workshop facilities. 
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Annex B – RM-KA-02 Manufacturer’s Brochure 
 

The following material is included by permission of Ðuro Ðaković, the machine 
manufacturer.  While not all of the details included herein were independently verified 
by the test team, the brochure is believed to be representative of the machine tested. 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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RM-KA-02 Brochure 
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Annex C – Photographs – RM-KA-02 in Operation 
 

The photographs that follow show some additional images of interest from the trial 
period. 
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Figure C-1. Topsoil lane ready for test; 

wooden stakes mark witness panel 
locations; test targets (mines) are red 

with white fuzes 

Figure C-2. Typical test underway with 
photographers and test personnel 

counting fuze detonations 

Figure C-3. RM-KA-02 flail triggering fuze Figure C-4. Searching for missing fuzes 
using backhoe to turn soil 
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Figure C-5. Mine body without fuze 
thrown clear of test lane 

Figure C-6. Fuze found under track 
imprint 

Figure C-7. Assortment of fuzes and 
intact targets 

Figure C-8. Fuzes found separated from 
mine bodies 
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Annex D – Test Data Sheets 
 

The tables that follow show the data collected from the SWEDEC test mines.  This data is the 
source for the tables and analyses in the main body of this report. 
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Test Data Sheet 
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Test Data Sheet 
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Test Data Sheet 
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Test Data Sheet 
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Annex E – Manufacturer’s Comments 
 

The following material was received from the machine manufacturer in response to a 
draft version of this report. 
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Manufacturer Feedback to DRAFT Report 
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Manufacturer Feedback to DRAFT Report 

DRDC Suffield TR-2005-010 93 
 
  
 



 

List of 
symbols/abbreviations/acronyms/initialisms 

 

CCMAT Canadian Centre for Mine Action Technologies 

hp Horsepower 

km/h Kilometres per hour 

DOB Depth of burial – see Figure A-7 in Annex A 

Kg Kilogram 

cm Centimetre 

dm Decimetre 

SWEDEC Swedish Explosive Ordnance Disposal and Demining Centre 

N/A Not Applicable 

kW Kilowatt(s) 

m Metres 

IDA Institute for Defense Analyses 

R&D Research and Development 

CEN Comité Européen De Normalisation (European Committee for 
Standardisation) 

ITEP International Test and Evaluation Program 

mm Millimetres 

rpm Revolutions per minute 

TMAC Thailand Mine Action Centre 

CMAC Cambodian Mine Action Centre 

MAG Mines Advisory Group 

TNT Tri-nitrotoluene 
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