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Abstract 
 

A series of effectiveness tests of the DOK-ING MV10 Medium Double Tool Mine 
Clearing System was conducted at the Croatian Mine Action Centre (CROMAC) 
Centre for Testing, Development and Training (CTRO) test site at Cerovac near 
Karlovac, Croatia.  Because of weather delays and availability of personnel, the series 
was divided into two parts.  Machine testing in sand and gravel was conducted 9 to 16 
June 2006, while the topsoil testing was completed 4 to 8 September 2006.  The test 
series was performed as a cooperative International Test and Evaluation Program trial 
between Canada and Croatia and conducted according to the methodology specified 
in the European Committee for Standardisation (CEN) Workshop Agreement ‘CEN 
Workshop Agreement 15044; Test and Evaluation of Demining Machines.’  

Résumé 
 

Une série d’essais de l’efficacité du Système de déminage DOK-ING MV10 Medium 
Double Tool a été conduite sur le site témoin du Centre des essais, de développement 
et de formation du Centre de déminage croate (CROMAC) de Cerovac, près de 
Karlovac en Croatie. La série a été divisée en deux parties à cause des intempéries et 
du manque de personnel. On a conduit des essais mécaniques dans le sable et le 
gravier du 9 au 16 juin 2006 et des essais sur la couche arable du 4 au 8 septembre 
2006. Cette série d’essais a été effectuée en coopération entre le Canada et la Croatie 
en tant qu’essais du Programme international d’essais et évaluations et selon la 
méthodologie spécifiée par « l’Accord du groupe de travail 15044 du Comité européen 
de normalisation (CEN); Essais et évaluations des machines de déminage. »   

DRDC Suffield TR 2007-246 i 
 
  
 



 

This page intentionally left blank. 

ii DRDC Suffield TR 2007-246 
 
  
 



 

Executive summary 
 

A series of effectiveness tests of the DOK-ING MV10 Medium Double Tool Mine 
Clearing System was conducted at the Croatian Mine Action Centre (CROMAC) 
Centre for Testing, Development and Training (CTRO) test site at Cerovac near 
Karlovac, Croatia.  The test series was performed as a cooperative International Test 
and Evaluation Program trial between Canada and Croatia and conducted to the 
methodology specified in the European Committee for Standardisation (CEN) 
Workshop Agreement ‘CEN Workshop Agreement 15044: Test and Evaluation of 
Demining Machines.’ 

Three different soils – compacted sand, compacted gravel and compacted topsoil – in 
parallel test lanes were used in these trials.  Wirelessly Operated Reproduction Mines 
(WORMs), developed by the Canadian Centre for Mine Action Technologies 
(CCMAT) were used at each of three different depths of burial – 0 cm, 10 cm and  
15 cm – in all three soil types.  This trials series was conducted during two periods: 
testing in sand and gravel was conducted 9 to 16 June 2006, while the topsoil testing 
was completed 4 to 8 September 2006.   

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 system requires significant power. No breakdowns or maintenance 
problems were noted during the tests.  The remote control system operated as 
expected. 

The effectiveness in destroying targets through mechanical neutralisation or triggering 
varied widely, from a low of 34 of 50 targets to a high of 48 of 50.  This variation in 
performance may be due to the high forward speeds used during these trials.  The 
engine was often heard to labour, with the flail chains visibly slowing.  The operator 
was then required to adjust the forward speed of the DOK-ING MV-10 to reduce the 
load on the engine.  The effective penetration depth was variable as shown by the 
ragged witness boards.  This may also be due to the high forward speed. 

The incorporation of an automatic depth and forward speed control system would 
likely improve the productivity and consistency of penetration of this machine.  As the 
operator may be located some distance away from the working area, these two 
additions would ease the burden on the operator as well.  DOK-ING has acknowledged 
these suggestions, indicated that this issue has already been addressed by their 
engineering team, and has indicated that this will be included as a feature on every 
newly built MV-10. 

The DOK-ING MV-10 has many desirable characteristics.  It is rugged and durable, 
with good access for maintenance and servicing.  It has a good suite of protective 
armour which has proven to be adequate against normal minefield fragmentation 
hazards based on previous trials. 

Fall, R.W., W.C. Roberts, D.J. Roseveare, and J.L. Eagles. (2007). DOK-ING MV-10 
Double Tool Mine Clearance System Test and Evaluation. (DRDC Suffield TR-2007-246). 
Defence R&D Canada – Suffield.
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Sommaire 
 

Une série d’essais de l’efficacité du Système de déminage DOK-ING MV10 Medium 
Double Tool a été conduite sur le site témoin du Centre des essais, de développement 
et de formation du Centre de déminage croate (CROMAC) de Cerovac, près de 
Karlovac en Croatie. La série a été divisée en deux parties à cause des intempéries et 
du manque de personnel. On a conduit des essais mécaniques dans le sable et le 
gravier du 9 au 16 juin 2006 et des essais sur la couche arable du 4 au 8 septembre 
2006. Cette série d’essais a été effectuée en coopération entre le Canada et la Croatie 
en tant qu’essais du Programme international d’essais et évaluations et selon la 
méthodologie spécifiée par « l’Accord du groupe de travail 15044 du Comité européen 
de normalisation (CEN); Essais et évaluations des machines de déminage. » 

Trois sols différents – sable tassé, gravier tassé et couche arable tassée – ont été 
utilisés dans trois voies parallèles pour ces essais. Des mines de substitution 
téléopérées, mises au point par le Centre canadien de technologies de déminage 
(CCTD), ont été utilisées à chacune des trois profondeurs d’enfouissement différentes 
- 0 cm, 10 cm et 15 cm – dans les trois types de sols. Cette série d’essais a été conduite 
durant deux périodes : l’essai dans le sable et le gravier a été conduit du 9 au 16 juin 
2006 et l’essai sur la couche arable a été effectué du 4 au 8 septembre 2006.  

Cette machine reçoit assez de puissance pour la tâche de pénétration du sol dans la 
plupart des situations. La puissance est alimentée de façon à maintenir la vitesse du 
fléau même quand le système d’entraînement du véhicule requiert une puissance 
importante. On n’a remarqué aucune panne ou problèmes de maintenance durant les 
essais. Le système de commande à distance a fonctionné comme prévu.   

L’efficacité à détruire les cibles par la neutralisation ou déclenchement mécanique 
varie beaucoup, d’un rendement faible de 34 sur 50 cibles jusqu’à un bon rendement 
de 48 sur 50 cibles. Cette variation du rendement est peut-être causée par les hautes 
vitesses marche avant utilisées durant ces essais. On entendait souvent le moteur 
peiner avec les chaines du fléau qui ralentissaient visiblement.  L’opérateur devait 
donc ajuster la vitesse marche avant du DOK-ING MV-10 pour réduire la charge sur le 
moteur. La profondeur efficace de pénétration variait tel que démontré par le décalage 
des planches témoins. Cette variation était peut être aussi causée par la haute vitesse 
marche avant.   

L’incorporation d’un système automatique de contrôle de la vitesse marche avant et de 
la profondeur améliorerait probablement la productivité et la régularité de la 
pénétration de cette machine. L’opérateur étant situé à quelque distance de la zone de 
travail, ces deux additions allègeraient aussi la tâche de l’opérateur. DOK-ING a tenu 
compte de ces suggestions, indiqué que ce problème a déjà été abordé par son équipe 
d’ingénieurs et a indiqué que ce serait inclus comme caractéristique nominale sur 
chaque MV-10 nouvellement construits.  
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The DOK-ING MV-10 possède beaucoup de caractéristiques désirables. Il est robuste 
et durable, et facile d’accès pour l’entretien et les réparations. Il a une bonne armure de 
protection qui, durant les essais antécédents, s’est avérée adéquate contre les dangers 
de fragmentation normaux provenant des champs de mines. 

 

Fall, R.W., W.C. Roberts, D.J. Roseveare, and J.L. Eagles. (2007). DOK-ING MV-10 
Double Tool Mine Clearance System Test and Evaluation. (DRDC Suffield TR 2007-246).  
R & D pour la défense Canada – Suffield. 
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1. Introduction 
 

Canada and Croatia cooperated in a trial of the DOK-ING MV-10 Medium Double 
Tool Mine Clearing System (MV-10) in Croatia.  This project was conducted under 
the auspices of the International Test and Evaluation Program (ITEP) and was guided 
by the methodology outlined in ‘CEN Workshop Agreement 15044: Test and 
Evaluation of Demining Machines’ [1]. 

Two separate series of tests, required because of inclement weather and unavailability 
of personnel, were conducted.  From 5 to 14 June 2006, the DOK-ING MV-10 Double 
Tool Mine Clearance System was tested in sand and gravel soils.  The second series, 
from 4 to 8 September, 2006, tested the MV-10 against topsoil.  Testing was 
conducted at the Croatian Mine Action Centre (CROMAC) for Testing, Development 
and Training (CTRO) facility outside of Karlovac, Croatia.  The machine and operator 
were provided by the manufacturer, DOK-ING, based in Croatia.  Only a performance 
test was conducted since this machine is already certified for use in Croatia and thus 
survivability tests had already been performed. 

The DOK-ING MV-10 is equipped with a combination tiller and flail head which can 
be operated using the flail, using the tiller, or using both together.   

Descriptions of the test facilities, the test targets and the test methods are given in 
Annex A.  This information is relevant to almost any machine tested at this site.  It is 
summarized briefly in Section 3 along with information that is specific to this 
particular evaluation of the DOK-ING MV-10.  Annex B provides descriptive 
information about the machine and contact information for the manufacturer. 

Annex C contains information on soil test procedures, Annex D contains the test data 
and Annex E contains the manufacturer comments. 
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2. Machine Description 
 

2.1 DOK-ING MV-10 Midi Mine Clearance System 

The DOK-ING MV-10 Double Tool Mine Clearance System (hereinafter referred to as 
the MV-10) is a remotely controlled tracked mechanical mine clearance machine, 
operated within visual line of sight of the operator.  DOK-ING manufactures a range 
of mechanical demining equipment in addition to conducting business as a commercial 
demining company, giving them a unique perspective on demining machines. 

A number of tools can be attached to the MV-10 including a tiller and flail, a double 
flail, a roller and a blade.  During these tests the MV-10 was equipped with a 
combination flail and tiller head.   

The tiller and the flail can be operated independently or together.  For these tests the 
operator chose to use both tools simultaneously.  The operator controls the machine 
from a man-portable transmitter unit using visual observation of the unit.  The control 
system is similar to other DOK-ING machines, including the MV-4. 

 
Figure 1. DOK-ING MV-10 Double Tool Mine Clearance System 
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Figure 2.  Hammers used on the DOK-ING MV-10.  

 

DRDC Suffield TR 2007-246 3 
 
  
 



 

 

Figure 3. DOK-ING MV-10 Double Tool Mine Clearance System Flail/Tiller Head 

 

 
Figure 4. DOK-ING MV-10 Double Tool Mine Clearance System 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 – Russ Fall, Dan Roseveare, William Roberts, and Les Eagles (CCMAT) 

• Croatia – Ivan Šteker and Tomislav Vondraček (CTRO) 

In addition to the test personnel, the team was augmented by members of the Croatian 
Army Engineers. 

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.   

As there was no soil analysis completed on the three types of soil available for these 
tests, the theoretical maximum dry density was not available.  CTRO was also to 
provide personnel to collect soil densities and moisture content; however, this was not 
done.  Consequently, only a portion of the moisture content measurements were taken 
during the trials.  CTRO was also to arrange for moisture measurements at a later date 
but this was not completed either.   

Soil densities were measured for each of the test runs conducted.  These densities are 
recorded in Table 1.  The dry densities and moisture content that were obtained by the 
Canadian team members during the trial are included in Table 1. 

Although the intent was to follow CWA 15044, this was not completed to the level of 
detail specified in CWA 15044 with respect to soil moisture and density.  A complete 
soil analysis was not available, so the results specified in Table 1 cannot be compared 
to the maximum theoretical dry density and optimal moisture content.  Although a 
nuclear densometer was not available, the methodology used to collect density and 
moisture readings ensured that the three samples taken per trial run were 
representative. 

Mine targets were placed at three depths in each of three prepared soil conditions.  The 
depths of burial were 0cm, 10cm and 15cm. The three soil conditions were sand, 
gravel and local topsoil.  Three fiberboards were placed across each of the nine test 
lanes at the start, middle and end of the test section in order to determine the digging 
profile of the machine at these intervals. 
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Table 1. Trial Soil Conditions 

Date Lane& 
Sample 

DOB 
(cm) 

Volume 
(mL) 

Wet 
Mass 

(g) 

Dry 
Mass 

(g) 

Moisture 
(g) 

M% Wet 
Density 
(kg/m3) 

Dry 
Density 
(kg/m3) 

9 June 06  Gravel ‘A’ 10 500 1153 1090 63 5.8 2306.00 2180.00 

9 June 06 Gravel ‘B’ 10 375 903 857 46 5.4 2408.00 2285.33 

9 June 06 Sand ‘A’ 10 375 787 721 66 9.2 2098.67 1922.67 

9 June 06 Sand ‘B’ 10 425 846 780 66 8.5 1990.59 1835.29 

12 June 06 Gravel ‘A’ 15 410 990    2414.63  

12 June 06 Gravel ‘B’ 15 425 1073    2524.71  

13 June 06 Sand ‘A’ 15 375 936    2496.00  

13 June 06 Sand ‘B’ 15 560 1298    2317.86  

14 June 06 Gravel ‘A’ 0 610 1471    2411.48  

14 June 06 Gravel ‘B’ 0 500 1280    2560.00  

14 June 06 Sand ‘A’ 0 490 1116    2277.55  

14 June 06 Sand ‘B’ 0 510 1092    2141.18  

5 Sept 06 Topsoil ‘A’ 10 150 313 248 65 26.2 2086.67 1653.33 

5 Sept 06 Topsoil ‘B’ 10 200 381 294 87 29.6 1905.00 1470.00 

5 Sept 06 Topsoil ‘C’ 10 250 461 354 107 30.2 1844.00 1416.00 

6 Sept 06 Topsoil ‘A’ 15 150 352 301 51 16.9 2346.67 2006.67 

6 Sept 06 Topsoil ‘B’ 15 245 451 384 67 17.4 1840.82 156735 

6 Sept 06 Topsoil ‘C’ 15 220 481 412 69 16.7 2186.36 1872.73 

6 Sept 06 Topsoil ‘A’ 0 200 481 412 69 16.7 2405.00 2060.00 

6 Sept 06 Topsoil ‘B’ 0 270 610 512 98 19.1 2259.26 1896.30 

6 Sept 06 Topsoil ‘C’ 0 300 593 501 92 18.4 1976.67 1670.00 
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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 WORM 
targets.  In addition to simply tabulating numbers, the data is given a statistical 
treatment as recommended by the CEN Workshop Agreement. 

4.1.1 Tabular Data and Explanations 

Table 2 shows the number of targets triggered, mechanically neutralised, live 
damaged or live, at each depth, and in each soil condition.  This table also 
indicates the number of plungers which were found separated from their 
target bodies.  The notes following the table provide additional, amplifying 
information for each case. 

The aggregate neutralisation effectiveness (triggered and mechanically 
neutralised) is shown below in Table 3. 

Following each test run, an effort was made to recover all targets.  A review 
of the data gathered during the test determined how many targets were not 
triggered.  All visible targets on the surface of the test lane and those thrown 
outside the test lane were gathered.  A metal detector was used in an attempt 
to locate targets buried in the test lane.  To augment the process, workers with 
shovels worked through the lane starting at one end and digging through the 
loose soil of the lane looking for targets.  This was very effective and faster 
than using the metal detector alone.  The process continued until all targets 
were located or it was determined that any remaining targets would not be 
found in a reasonable time frame.  These were termed ‘Not Recovered’.  
Although it is desirable to find all of the targets, those that were not recorded 
as triggered were considered a priority in order to determine their status.  Of 
the nine tests completed, all targets were located in three tests; six targets 
could not be found in one test; three targets could not be found in one test; 
two could not be found in one test; and one target could not be found in each 
of the remaining three tests.  It is not possible to state the condition of the 
missing targets.  As such, it cannot be stated with complete certainty that the 
missing targets were either intact or destroyed.  The data in the following 
tables assumes that missing targets were not triggered or neutralized.  
Footnotes are added to this effect. 
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Table 2. Targets Triggered 1 

Soil 
Type 

Depth 
(cm) 

Emplaced Triggered Mechanically 
Neutralized 

Live-
damaged 

Live Not 
recovered 

Sand 0 50 24 20 3 3 0 

Sand 10 50 34 4 3 6 3 

Sand 15 50 45 3 0 1 1 

Gravel 0 50 24 18 5 2 1 

Gravel 10 50 29 5 3 13 0 

Gravel 15 50 37 3 5 4 1 

Topsoil 0 50 40 8 0 0 2 

Topsoil 10 50 12 30 0 2 6 

Topsoil 15 50 40 5 1 3 1 

1 This material is taken from the data sheets contained in Annex D.  All targets triggered are digitally recorded during 
the trial run.  In some cases, targets that are not digitally recorded are deemed to be triggered by the physical 
evidence gathered through visual inspection of the target.  Targets ‘Not Recovered‘ are those which did not register 
on the computer and could not be found to verify their physical condition. 

 

 

In Table 3 we can see that the worst performance achieved is 34/50 at 10cm 
in gravel.  Since there were no targets unaccounted for on this test run, more 
than 30% of the targets were not neutralised by the machine. 
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Table 3. Mine Targets Triggered or Neutralized 

 0 CM 10 CM 15 CM 

Sand 44/50 38/50 1 48/50 2 

Gravel 42/50 3 34/50 40/50 4 

Topsoil 48/50 5 42/50 6 45/50 

This table combines triggered targets with those that were mechanically neutralized.  There were 50 targets in each 
test condition. 

1 Three targets could not be found.  If these targets were neutralized, the value would be 41/50.  2 One target could not 
be found.  If this target was neutralized, the value would be 49/50.  3 One target could not be found.  If this target were 
neutralized, the value would be 43/50.  4 One target could not be found.  If this target were neutralized, the value would 
be 41/50.  5 Two targets could not be found.  If these targets were neutralized, the value would be 50/50.  6 Six targets 
could not be found.  If these targets were neutralized, the value would be 48/50. 

 

 

 

4.1.2 Statistical Treatment of Data 

As suggested in 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 be 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, 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. 

 

DRDC Suffield TR 2007-246 9 
 
  
 



 

Statistical Confidence in Results

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

20 25 30 35 40 45 50

Number of Test Targets Neutralised (/50)

St
at

is
tic

al
 C

on
fid

en
ce

 P
er

ce
nt

ag
e

example of note (*)

Lower Interval
Upper Interval
A. gravel 10 cm DOB
B. sand 10 cm DOB
C. gravel 15 cm DOB
D. gravel 0 cm DOB
D. topsoil 10 cm DOB
E. sand 0 cm DOB
F. topsoil 15 cm DOB
G. sand 15 cm DOB
G. topsoil 0 cm DOB

B
C

D

E
F

Note:
* Not all targets were 
recovered, error bar lower 
limit assumes none of 
unrecovered mines were 
neutralised; upper limit 
assumes all unrecovered 
mines were neutralised.

GA

Figure 5. Performance Data – Statistical Treatment 

 

To illustrate the interpretation of Figure 5, consider the data for sand at 0cm 
DOB (44/50).  You can state that there is a 95% probability that the actual 
performance of the machine in sand at 0cm DOB lies between 76% and 96%.  
The statistical confidence for the worst performance (gravel at 10cm) falls 
into a band between about 53%-81%.  This test was completed on the first 
day of the trial series and is far below the results from the rest of the tests.  
Looking at the performance for the remainder of the tests, the performance is 
much better. 

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 6 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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Machine Comparison (95% Confidence Level for a data set of 50 targets)
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Figure 6. 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. 

4.1.3 Debris and Scatter 

When a machine such as the DOK-ING MV-10 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; it may be damaged but still 
functional; it may be lightly damaged; it may be  completely broken apart; or 
it may be triggered, leaving only a ‘smoking hole’ with a scattering of inert 
debris.  Triggered WORMS are not destroyed by an explosion, as in the case 
of a real mine, but are subject to the same fate as non-triggered mines.  
Following a trial, the WORMs can be found in the range of conditions 
mentioned above. 

After each test in the series, the test lanes were searched as previously 
described, and the materials of interest were assembled and inspected.  These 
materials included intact targets, plungers, mine bodies with their circuit 
boards intact, and broken mine bodies or bits of circuitry.  The images in 
Figure 7 through Figure 9 show examples of debris collected from three of 
the test runs.  
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Figure 7. Debris of Interest  – Sand, 0cm DOB 

 

 
Figure 8. Debris of Interest – Gravel, 0cm DOB 
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Figure 9. Debris of Interest –Gravel, 15cm DOB 

 

Along with the items shown in Figure 7 through Figure 9, remains from the 
targets which were completely destroyed could be found in and around the 
test lanes.  Like all flails, the DOK-ING MV-10 is prone to throwing soil, 
vegetation and mine fragment debris (see Figure 10).  Targets and parts of 
targets can often be found many metres outside of the test lane.  The amount 
of debris scattered by the MV-10 is relatively small compared to other 
machines.  This could be due to operating the tiller in conjunction with the 
flail.  With a flail, a large amount of soil, vegetation and other debris is 
picked up by the chains and hammers and is thrown forward.  With the tiller 
in operation at the same time, a lot of the material disturbed by the flail may 
be captured by the tiller and channelled under the machine.  The end result is 
that less of the material is thrown forward.   
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Figure 10. 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 examples are 
shown in Figures 11 through 13. 

In Figure 11, it is apparent that the machine has achieved a uniform cut across 
the width of the flail, at a depth of approximately 20-22 cm.  (Note that the 
grid behind the fibreboard is 2 cm x 2 cm.) 
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Figure 11. Smooth, Uniform Cut at 22-24 cm 

 

The DOK-ING MV-10 is equipped with both a flail and a tiller attachment.  
Figure 11 illustrates the effect of using the tiller in conjunction with the flail.  
There appear to be skip zones formed near the bottom of the witness panel.  
These skip zones were all but eliminated by the tiller. Figure 13 shows a 
situation, in which the tiller was not engaged and two serious skip zones 
resulted.  The witness panel illustrated in Figure 13 was buried near the 
beginning of the sand lane for the test run with targets buried at 15cm.  The 
two remaining witness panels in that test showed an effective depth of 20 to 
22 cm. 

 

Figure 12. Effect of tiller being operated in conjunction with flail 

 

Figure 13. Skip Zones (at centre) 

 

4.2.2 Depth and Consistency of Penetration in Sand 

The fibreboards in Figure 14, Figure 15 and Figure 16 show an effective 
depth varying in from 11cm to 22 cm.  Soil penetration was ragged and 
varied from 0 cm (due to skip zones), as illustrated in Figure 16, to a 
maximum penetration of 22 cm, as illustrated in Figure 15. 
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Figure 14. Depth of Penetration in Sand with mines at 0 cm DOB 

 

Figure 15. Depth of Penetration in Sand with mines at 10 cm DOB 
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Figure 16. 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 17, Figure 18 and Figure 19 show an uneven depth 
penetration.  Partially formed skip zones are evident in all figures. 

 

Figure 17. Depth of Penetration in Gravel with mines at 0 cm DOB 

 

DRDC Suffield TR 2007-246 17 
 
  
 



 

Figure 18. Depth of Penetration in Gravel with mines at 10 cm DOB 

 

Figure 19. Depth of Penetration in Gravel with mines at 15 cm DOB 
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4.2.4 Depth and Consistency of Penetration in Topsoil 

The fibreboards illustrated in Figure 20, 21 and 22 show that the depth of 
penetration in topsoil is more consistent than that of sand or gravel.   

For at least one of the fibreboards at 10cm, the operator attempted to pass 
over the fibreboard five times by moving backward and forward over the area 
of the fibreboard with the working head. 

 

Figure 20. Depth of Penetration in Topsoil with mines at 0 cm DOB 
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Figure 21. Depth of Penetration in Topsoil with mines at 10 cm DOB 

 

Figure 22. 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 depth of penetration of the machine in sand is inconsistent, 
resulting in a variance in the effective depth from 0 cm (due to 
skip zones) to 22 cm.  Skip zones and partial skip zones are 
evident on most witness boards. 

4.2.5.2 Gravel 

Depth of penetration in gravel was also variable.  There is 
evidence of skip zones in five of the nine witness boards. 

4.2.5.3 Topsoil 

The machine performed more consistently in topsoil than in sand 
or gravel.  There were small skip zones found in the 10 cm DOB 
test.  The overall effective depth in topsoil was less than in sand or 
gravel, with the 10 cm DOB achieving a maximum of 9 cm.  The 
maximum penetration for topsoil was 18cm. 

4.2.5.4 General 

The DOK-ING MV-10 has the capability to penetrate the soil to a 
depth of 30 cm.  This was demonstrated when the machine was 
used as a soil tilling tool in test lane preparation. The 
inconsistency in the depth of penetration, indicated by the witness 
boards, is believed to be the result of operation method. 

For the sand and gravel lanes, the operator appeared to be 
attempting to complete the test run as quickly as possible while 
digging as deep as possible.  It was noted that, on a number of 
occasions, the rotation speed of the flail and tiller would slow, the 
engine could be heard to work harder and the operator would have 
to slow the machine or raise the working head until the rotation 
speed would recover.   

4.3 Depth Consistency Along the Path 

Although the DOK-ING MV-10 does not have an automatic depth control for the 
flail/tiller head, the operator was able to complete the lane without creating 
undulations or unevenness along the length of the lane.  This was partly because the 
operator followed very closely behind the machine and was able to monitor the depth 
closely.  Results would be different if the machine were being operated in a live 
minefield, in which the ground is not virtually flat and with the operator working from 
a greater distance.  Figure 23 shows two images of test lanes following operation of 
the MV-10. 
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Figure 23. Terrain Shows Consistent Depth Control 

 

4.4 Mobility and Vegetation Cutting Tests 
 

No mobility or vegetation cutting tests were done on the DOK-ING MV-10 at this 
time.  The MV-10 has been used for mine clearance in Croatia for a number of years 
and the mobility and vegetation cutting ability of the machine are documented 
elsewhere [2].   

4.5 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 MV-10 has been proven in mechanical demining for several years, 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.  
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4.6 Other Observations 

4.6.1 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 during the tests.  This allowed 
him to closely observe the operating conditions, but it may not reflect results 
if the operator were required to remain at a distance from the machine as in a 
real minefield. 

4.6.2 Speed 

For the Sand and Gravel lanes, the machine was operated at the maximum 
speed for the soil conditions.  While digging as deep as he could, using both 
the flail and tiller heads, the operator would run the machine as fast as it 
would go until the flail and tiller began to bog down.  The RPM of the 
attachments would slow down and the engine would begin to labour.  The 
operator would then slow the forward speed of the machine and sometimes 
raise the machine head until the attachments began rotating normally.  He 
would then increase the forward machine speed again. 

For the topsoil lanes there was a change in operator.  This did create a larger 
variance in the speed of the machine, from 781m/h for the 0 cm depth of 
burial to 1359 m/h for the 10 cm depth of burial.   

Speeds were calculated by measuring the time to complete the 25 m pass 
through the test area, and are shown below in Table 4.   

 

Table 4. Speeds Achieved 

 0 CM DOB 10 CM DOB 15 CM DOB 

 metres/hour metres/hour metres/hour 

Sand 920 909 750 

Gravel 980 802 n/a 

Topsoil 781 1359 857 

 

4.6.3 Flail/Tiller Shroud Design 

The flail/tiller 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 shroud 
worked very well, minimizing debris on the machine and visibility problems. 
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4.6.4 Debris Traps 

At no time during the tests was there any significant accumulation of debris, 
either dirt or otherwise, on the machine.  This is in contrast to other flail 
machines, which typically gather debris on the top of the shroud and portions 
of the track assembly.  Throughout the test series no significant accumulation 
in these locations occurred.  

4.6.5 Hammer Wear 

During the sand and gravel trials, no significant flail hammer wear was noted.  

 

4.7 Manufacturer Comments 

Dok-Ing has provided feedback to a draft version of this report.  This response is 
contained in Annex E.  Many of the comments have been incorporated into the final 
version of this report.  
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5. Conclusions and Recommendations 
 

5.1 Positive Observations 

The DOK-ING MV-10 has many desirable characteristics.  It is rugged and durable, 
with good access for maintenance and servicing.  It has a good suite of protective 
armour which has proven to be adequate against normal minefield fragmentation 
hazards based on feedback from the user/manufacturer. 

The remote control system operated well and did not display any problems during the 
tests. 

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 system requires significant power. 

The combination of flail and tiller is able to penetrate the soil to a depth of 22 cm.  The 
surface of the test lanes was left in a smooth and even condition. 

The tiller brought many of the targets and pieces of debris to the surface making them 
easier to recover.    

5.2 Areas Requiring Attention 

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

• A system that can 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.  The inability 
to maintain a consistent depth would cause the operating heads to slow when 
digging too deep or when the machine was travelling too fast.  This could lead to 
skip zones.  An automatic depth control would eliminate digging too deep. 

• An automatic forward speed control, coupled with the automatic depth control 
would help to ensure consistent soil tillage.  If the machine were able to 
automatically adjust forward speed based on engine load up to an operator-
specified maximum, a more consistent depth of penetration would likely result.  
As the operator may be located some distance from the machine, this type of 
automatic control will ease the burden on the operator and likely improve 
performance. 

• The effectiveness in destroying targets varied widely from a low of 53% (in gravel 
with targets at 10 cm depth of burial) to a high of 100% (in sand with targets at 15 
cm depth of burial and topsoil with targets at 0 cm depth of burial). 
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• As shown by the ragged witness boards, the effective penetration depth was 
variable.  In the case of the test run in sand at 15 cm depth of burial, one witness 
board showed two skip zones which resulted in an effective depth of 0 cm.  Other 
witness boards showed effective depth of penetration up to 22 cm. 

5.3 Recommendations 

The DOK-ING MV-10 Double Tool Mine Clearance System is considered to be a very 
capable, well built machine.  The MV-10 has been used satisfactorily in Croatia for 
many years.   

The trial team has two recommendations.  First, that the DOK-ING MV-10 be fitted 
with an automatic depth and forward speed control system to help alleviate the 
variances in effective depth of penetration as shown by the witness boards.  Second, 
operating the MV-10 at a slower speed may allow it to perform more consistently.   

DOK-ING has indicated that automatic depth and speed control systems have been 
incorporated into the design subsequent to these tests being completed and will be 
present on the serially produced machines.  It should be noted that the machine tested 
during these trials represented the first prototype of the DOK-ING MV-10. 
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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 CTRO test facilities outside of Karlovac, Croatia, have been used to test several 
pieces of equipment in recent years.  This site includes three soil environments 
specifically for performance tests.  Parallel test lanes 4 m wide and 75 m 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 a piece of ground engaging equipment, such as the flail or tiller under 
test.  The soil was then levelled using a grader and compacted using the vibratory 
compacter as shown in Figure A-1.  The soil compaction and moisture content were 
monitored to ensure consistent test conditions. 

 

 
Figure A-1.  Soil Preparation – Grading and Compacting The Soil 
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Figure A-2.  Soil Cone Penetrometer 

 

Soil Conditions 
The maintenance of consistent soil conditions for each passage of the machine was 
critical to ensure that useful test data was collected.  During the soil preparation 
operations, a cone pentrometer was used to determine the consistency of the soil.  An 
example of a cone penetrometer is shown in Figure A-2.  Cone index readings in 
excess of approximately 100 psi were considered acceptable to proceed with the trial 
as soil conditions with lower cone index readings would not be trafficable by a 
significant number of vehicles.  Excessively low cone index readings generally 
occurred when the moisture content of the soil was very high; these test areas were left 
to dry until higher cone index readings were obtained. 

Compaction and moisture content were measured using manual methods described in 
Annex C.  Photographs of the soil drying are shown in Figure A-3.  For each test lane, 
three samples were taken. 



 

 
Figure A-3. Soil Drying Using a Microwave 

 

Test Targets 
The test targets used in this trial were developed by CCMAT to be a low cost, inert 
target suitable for use anywhere in the world.  The Wirelessly Operated Reproduction 
Mine (WORM) system uses a small, low power radio frequency electronic transmitter 
board.  The plastic body and trigger force (10-15 kg) have been designed to meet the 
specification in the CEN Workshop Agreement CWA 15044.  A cut-away view of a 
WORM target is shown in Figure A-4.  An assembled WORM target is shown in 
Figure A-5. 

When the trigger force is reached, the WORM sends out a 0.5 second signal consisting 
of a target-specific serial number repeated 200 times.  This signal is received by a 
specialised receiver through a high-gain antenna, and recorded to a computer running 
Windows-based software.  The target-specific serial number is permanently marked on 
the transmitter board as well as at several locations on the exterior of the plastic body. 

Prior to burying the test targets, it was necessary to manually trigger each target in 
order of lane placement.  This baseline test ensured that each target was functional and 
recorded the original order in which the targets are buried.   

During the machine trial, signals from the triggered WORMs were recorded on the 
computer.  Following the completion of that test lane by the machine, it was then 
necessary to recover the test targets.  The key recovery priority was test targets from 
which no radio frequency signal was received.  These targets were examined for 
further categorization.   
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Test targets that were mechanically damaged to the point of being non-functional were 
recorded as mechanically neutralised.  Test targets that were damaged but still 
functional were recorded as live damaged.  Occasionally, examination of the recovered 
target indicated that the target should have initiated based on damage to the switch or 
plunger, but no signal was received.  These targets were recorded as neutralised.  Test 
targets that were recovered intact, with no damage and from which no signal was 
received, were considered live. 

 

 
Figure A-4.  Cut-away View of WORM Test Target 

 

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 0.5 m apart to minimize the possibility of 
more than one target triggering at once.  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 0.5 m on 
either side of the machine centreline, for a total path width of 1 metre.  The layout of 
the test targets is shown in Figure A-6. 

 

30 DRDC Suffield TR 2007-246 
 
  
 



 

 
Figure A-5.  WORM Antipersonnel Mine Surrogate 

 

 
Figure A-6.  WORM Test Lane Layout 

 

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 7  To 
minimize soil disturbance, a small hole was drilled with the tool shown in Figure A-8.  
The final hole was adjusted by hand and the target placed in the ground.  Soil was then 
placed over top of the target to fill the hole and lightly packed to provide more realistic 
soil conditions. 
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DOB – Subsurface DOB – Surface (flush) 
Figure A-7. Depth of Burial For All Mine Targets 

 

 
Figure A-8. Mine Target Burial Tool To Minimize Soil Disturbance 
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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.   

• Mechanically neutralised:  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.   

• Triggered:  Mines in this category are known to have been triggered by the 
machine.  The electronic record captured by the computer and those recovered 
WORMs from which no signal was received that have an obvious indication of the 
plunger impacting the switch are in this category. 

The flowchart in Figure A-9 illustrates the criteria used to evaluate the status of each 
WORM following a trial. 
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Figure A-9. WORM Status Evaluation 

Witness Boards 
Along with the mine targets, witness boards were installed at three locations across 
each lane.  At the 0 m, 12.5 m and 25 m point of each test lane, 3 mm thick, 400 mm 
tall fibreboards were installed across the full width of the tiller head.  The witness 
panels were buried flush with the surface of the ground as shown in Figure A-10, in 
order to record the consistency of penetration of the tiller across the width of the 
machine.   

A narrow trench was dug by hand across the width of the test area to accommodate the 
witness boards.  The width of the trench was kept to a minimum to reduce the effects 
of the softer replacement soil on tiller penetration.  The fiberboard was placed against 
the side of the trench nearest the start line of the machine.  This technique reduces the 
chances of the witness board being removed by the tool rather than simply cutting into 
it.  Figure A-10 illustrates a trench being dug. 
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Figure A-10. Witness Board Installation 

The witness board was buried flush with the surface, acting as a witness panel to 
record the depth of penetration of the tool.  A photograph of a partially excavated 
witness board is shown in Figure A-11.  No direct indication of the force or 
neutralisation effectiveness of the tool at any depth is provided, however a clear 
indication of the consistency of soil cutting is provided.  This indicator is obviously 
only useful for soil penetrating machines such as flails and tillers and cannot be used 
for low-disturbance tools such as rollers. 

 
Figure A-11. Witness Board Partially Excavated 
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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 2-3 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 
the lane.  The computer recording the WORM trigger signals was started, cameras 
operators positioned, and personnel moved from the debris –throwing path of the 
machine. 

The machine operator began the test lane once all personnel were ready.  The machine 
was operated through the test area containing 3 witness boards and 50 mine targets and 
the time of passage was recorded. 

After the passage of the machine through the test area, the computer recording of 
WORM trigger signals was stopped.  The test lane was examined and visible test 
targets removed.  The computer operator began developing a table of data, such as 
those shown at Annex D.  Recovered test targets were examined to establish status.  
Other personnel continued to recover test targets using a metal detector to locate them.  
Once the target recovery team had been through the test lane once, the computer 
operator noted the targets from which no signal had been received and no status 
determined.  Special attention was given to recovering these targets. 

Finally, the witness boards were recovered, labelled, and photographed. 

 

 
Figure A-12. Locating Test Targets After Passage of the Machine 
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Annex B – DOK-ING MV-10  Manufacturer 
Brochure 

 

The following material is included by permission of DOK-ING, 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. 

The contact information for the manufacturer is: 

DOK-ING d.o.o. 
Zitnjak bb 
HR-10000 Zagreb 
Croatia   

tel: +385 (0)1 2481 300  

fax: +385 (0)1 2481 303 

e-mail: dok-ing@dok-ing.hr 
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Annex C – Soil Test Procedures 
 

Soil Density 
Apparatus: 

Digging tools – Shovel or trowel, screwdriver or heavy knife. 

Containers for storing samples 

Non-porous material, e.g.: poly bag 

Graduated container or container of known volume 

Container of water 

Scale  

Marking implement – felt marker, grease pencil etc. 

Method: 

1. Weigh the sample container 

2. Mark the weight of the container weight on the sample container 

3. Mark the container with the sample number and location 

4. Place non-porous material on ground next to location of hole while turning 
soil ensutre that none gets flung out 

5. Place sample container on non-porous material 

6. Using shovel or trowel, excavate hole ensuring that ALL material from the 
excavation is placed in the sample container 

7. Seal the sample container and weigh the container immediately 

8. Mark the container with the gross weight 

9. Smooth the sides and bottom of the excavation with the trowel or knife, 
without removing any additional material 

10. Place non-porous material in the excavation, ensuring that it is in contact with 
the sides and bottom 

11. Fill the graduated container from the water container 
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12. Note the amount of water in the graduated container 

13. Pour water from the graduated container into the lined excavation.  Fill the 
excavation with water as close as possible to ground level without 
overflowing 

14. Note the amount of water left in the graduated container.  (NOTE: 
Alternately, the non-porous material can be removed from the hole, being 
careful not to spill any water.  This water is than poured into a container and 
weighed.  This mass can be converted into volume.)  

15. Subtract the amount remaining from the starting amount.  The difference is 
the amount in the excavation and represents the volume of the excavation  

16. Mark this on the sample container 

Calculations: 

Soil density refers to the mass per unit volume.  For our purposes, density, ρ, is given 
in kilograms per cubic metre. 

    ρ = m/V = kg/m3 

Example: A soil sample has a wet mass of 1174.75 grams; the excavation the 
soil was removed from has a volume of 500ml or 500cm3. 

   ρ = m/V 

      = 1174.75g/500ml 

      = 1.17475kg/0.0005m3 

      = 2349.5kg/m3 

In this example, the object is to convert the mass of the sample from grams to 
kilograms and the volume of the excavation from millilitres to cubic metres . 

Moisture Content 
Apparatus: 

Shallow containers with lids 

Scale 

Heat source (hot plate, heat lamp or oven etc) or microwave 

Spatula 

Fan (optional) 
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Standard Method: 

1. Weigh a shallow container and record the weight 

2. Place the soil from one of the sample containers in a shallow container 

3. Place the shallow container on the heating element of the hot plate or in the 
oven. DO NOT OVER HEAT.  Small pieces of paper mixed with the soil will 
act as an indicator and turn brown if overheated. 

4. If heated on a hot plate, frequently turn the soil with a spatula during heating 

5. Drying time will vary.  (Check weighing should be done to determine the 
minimum drying time necessary.) 

6. Remove the shallow container from the heat, cover and allow to cool 

7. The container can be weighed as soon as it is cool enough to handle 

8. Record this weight 

9. Reheat cool and weigh the sample until the weight no longer changes. 

Microwave method: 

Method remains similar to standard method above.  Heat the sample five minutes each 
time on medium heat.  Weigh the sample once.  Ensure that the sample is cool enough 
not to affect electronic scale.  Reheat and reweigh until no change in mass is recorded.  
Soil is then dry. 

Calculations 

The moisture content of a soil is expressed as a percentage of the dry mass: 

  moisture content, w = loss of moisture/dry mass x 100% 

In the above example of soil density calculations, the wet mass was 1174.75g.  
Suppose that, after drying the soil, the mass was 1147.65g.  Moisture content can then 
be calculated by: 

   w = (wet mass – dry mass)/dry mass x 100% 

   w = (1174.75g – 1147.65g)/1147.65g x 100% 

   w = 27.1g/1147.65g x 100% 

   w = 0.0236 x 100% 

   w = 2.36% 
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Annex D – Test Data Sheets 
 

The tables that follow show the data collected from the WORMs.  This data is the 
source for the tables and analyses in the main body of this report. 
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pretest posttest count 1st occurence last occurence time difference foundTriggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

D5 - - - - x x destroyed
D9 - - - - x x intact/active
DD DD 6 151703 151703 0 x
E0 - - - - x x x damaged
E1 E1 46 160359 160562 203 x
E2 - - - - x x destroyed
E3 E3 11 159094 159297 203 x
E7 E7 91 161203 161422 219
E9 - - - - x x intact/damaged
EB EB 71 164906 165031 125 x
ED - - - - x x intact/damaged
EE EE 7 168375 168469 94 x
F0 - - - - x x destroyed
F4 F4 74 173875 174203 328 x
F6 - - - - x x destroyed
F8 - - - - x x destroyed
F9 F9 93 177906 178344 438 x
FA - - - - x x destroyed
FB - - - - x x intact/active
FE - - - - x x destroyed
FF - - - - x x destroyed

0 0 57 187187 187391 204 x
2 2 43 189016 189047 31 x
3 3 64 193375 193609 234 x
4 - - - - x x damaged
5 5 10 194016 194125 109 x
6 6 1 196062 -1.15027E+12 1.15027E+12 x
7 - - - - x x x damaged
8 - - - - x x destroyed
9 - - - - x x x damaged

0A 0A 47 208297 208422 125 x
0B 0B 233 205422 206219 797 x
0D - - - - x x destroyed
0E - - - - x x intact/active
0F - - - - x x destroyed

10 10 21 212766 212875 109 x
11 11 429 215031 220937 5906 x
12 - - - - x x destroyed
13 13 16 218437 218453 16 x
14 - - - - x x destroyed
15 - - - - x x x damaged
16 - - - - x x destroyed
17 17 135 227500 227859 359 x
18 - - - - x x destroyed
19 19 3 235875 235984 109 x

1A 1A 10 232562 232562 0 x
1B - - - - x x destroyed
1C 1C 16 236500 236516 16 x
1D - - - - x x x damaged
1F 1F 62 240406 240594 188
- AB 14 172156 172172 16

TOTAL 24 5 3 20 3

Figure D-1. Test Data Sheet, Sand, 0 cm   
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pretest posttest count 1st occurence last occurence time difference foundTriggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

49 49 284 62484 62859 375 x x
48 48 45 65656 65765 109 x x

4B 4B 176 67578 68015 437 x destroyed
4D 4D 597 69000 70781 1781 x intact/active
4E 4E 117 72203 72562 359 x intact/damaged
4F 4F 191 74078 80406 6328 x destroyed

50 50 117 75546 76203 657 x
51 51 383 77515 78437 922 x
52 52 356 80953 82125 1172 x
53 53 197 82671 83203 532 x
55 55 174 86390 86890 500 x
56 56 39 88203 88531 328 x
54 54 98 90156 90359 203 x
59 59 56 93734 93906 172 x damaged

5C 5C 59 99140 99468 328 x damaged
5A 5A 155 100718 101171 453 x intact/active
5D 5D 369 101265 106671 5406 x intact/active
5B 5B 664 102609 110343 7734 x intact/active
5F 5F 135 104328 104640 312 x destroyed

62 62 85 110046 110328 282 x destroyed
63 63 75 111625 112921 1296 x
64 64 36 113796 113953 157
65 65 60 115328 115625 297 x x
66 66 286 117140 118015 875 x
67 67 138 118890 119875 985 x x
68 68 74 120859 124093 3234 x

6A 6A 13 124859 125078 219 x
6C 6C 25 126578 127390 812 x

69 69 1 128375 -1.1499E+12 -1.1499E+12 x
6E 6E 16 128984 129109 125 x
6F 6F 138 130500 132578 2078 x

71 71 69 132062 132781 719 x
72 72 64 133875 134500 625 x
75 75 37 137562 137656 94 x damaged

4A -
4C - x x intact/active

57 - x x intact/active
58 - x x x

5E - x x damaged
60 - x x damaged
61 -
73 - x x intact/active
77 - x x destroyed

7F - x x intact/active
80 - x x damaged
83 -
84 - x x intact/active
85 - x x destroyed
86 - x x destroyed
87 - x x intact/active

TOTAL 34 5 3 4 6

Figure D-2. Test Data Sheet, Sand, 10 cm   
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pretest posttest count 1st occurence last occurence time difference foundTriggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

9C 9C 78 21765 22703 938 x
9D 9D 189 24015 24546 531 x
C0 C0 294 25859 26781 922 x
BF BF 78 28640 28859 219
BE BE 163 30265 30718 453 x
BD BD 244 32859 38531 5672
BC BC 230 34421 35015 594
B6 B6 199 43000 43593 593 x
B5 B5 42 38640 39265 625 x
B4 B4 226 47187 48000 813
AE AE 43 49453 49531 78 x
B0 B0 196 45453 45984 531
B2 B2 86 47796 48140 344 x
B3 B3 159 49828 55609 5781 x
A9 A9 136 51968 52859 891
AB AB 160 54500 55062 562 x
AC AC 74 63125 63328 203 x
AD AD 47 65703 65843 140 x
A5 A5 303 61843 68796 6953 x
A6 A6 193 64390 64937 547
A7 A7 139 65937 66562 625 x
A8 A8 183 74984 98765 23781
9E 9E 196 70531 71265 734 x
9F - - - -
A1 A1 83 75796 80937 5141 x
A3 A3 18 77906 78125 219 x
FA FA 10 81156 81171 15 x
FB FB 35 83421 84406 985 x
FC FC 13 95296 95609 313 x x
FE - - - - x x destroyed
F5 F5 2 93593 93890 297 x
F7 - - - - x x x
F8 - - - - x x destroyed
F9 F9 123 100406 101390 984 x
EC EC 93 108671 108906 235 x
6F 6F 28 104671 105406 735
F1 F1 24 106718 107468 750 x
F4 F4 22 109750 109875 125 x
E0 E0 74 111578 112140 562 x
E5 E5 123 114546 121125 6579 x
E6 E6 67 116453 117218 765 x
EA EA 37 125968 126328 360
DC DC 198 127953 128687 734 x
DD DD 109 123968 124328 360 x
DE DE 175 126437 133812 7375 x
DF DF 99 128906 129265 359
C8 C8 182 130781 131625 844 x
CA CA 93 140625 141593 968 x
1D - - - - x x intact/active
D8 D8 28 138953 139531 578 x
- 52 402 32140 45343 13203
- 25 1 68500 -1.15019E+12 1.15019E+12

TOTAL 45 2 0 3 1

Figure D-3. Test Data Sheet, Sand, 15 cm   
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pretest posttest count 1st occurence last occurence time difference found Triggered
fuse 
removed

Live 
damaged

Mech 
Neutralized Live comment

88 88 397 34687 160906 126219 x
89 89 236 40875 41672 797 x

8A 8A 85 39062 39390 328 x
8B 8B 19 39484 39500 16 x
8C - - - - x x destroyed
8D - - - - x x destroyed
8E 8E 211 44406 45234 828 x
8F 8F 112 46328 46765 437 x

90 - - - - x x destroyed
91 91 2 50484 50687 203
92 - - - - x x x damaged
93 - - - - x x destroyed
94 94 66 55906 56125 219 x
95 - - - - x x destroyed
96 96 25 58406 58422 16 x
97 97 18 60343 60359 16 x
98 98 21 61625 61672 47 x
99 99 193 68578 115078 46500 x

9A 9A 104 66125 66406 281 x
9B - - - - x x x damaged
9D - - - - x x destroyed
9F - - - -
9E 9E 82 72312 72468 156
A0 A0 193 75703 76547 844 x
A1 A1 20 76328 76343 15 x
A2 - - - - x x destroyed
A3 - - - - x x destroyed
A4 - - - - x x intact/active
A6 A6 216 84734 85297 563 x
A7 - - - - x x intact/damaged
AA AA 1 86281 -1.15027E+12 1.15027E+12 x
AC - - - - x x x damaged
AD - - - - x x intact/damaged
AE - - - - x x destroyed
AF - - - - x x destroyed
B0 - - - - x x destroyed
B1 B1 315 97609 98640 1031 x
B2 - - - - x x destroyed
B3 B3 866 102250 116562 14312 x
B4 - - - - x x intact/active
B5 - - - - x x destroyed
B6 - - - - x x intact/damaged
B7 B7 43 113156 113328 172 x
B8 - - - - x x destroyed
B9 - - - - x x destroyed
BA - - - - x x intact/damaged
BB - - - - x x intact/damaged
C6 C6 76 119531 119734 203 x
DA DA 61 121359 121453 94 x
DB DB 18 125468 125531 63 x

TOTAL 24 3 5 18 2

Figure D-4. Test Data Sheet, Gravel, 0 cm   
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pretest posttest count 1st occurence last occurence time difference found Triggered
fuse 
removed

Live 
damaged

Mech 
Neutralized Live comment

22 22 99 57875 58391 516 x
23 23 x x intact/active
24 24 33 59157 59250 93 x
27 27 212 60203 61282 1079 x intact/active

2A 2A 107 63063 63297 234 x intact/active
2B 2B 307 61828 64438 2610 x intact/active
2C 2C 176 64657 65360 703 x intact/active
2D 2D 161 63500 64953 1453
2E 2E x x intact/active
2F 2F 70 65360 65594 234 x x

30 30 x x intact/active
31 31 322 66672 67610 938 x x
32 32 201 67610 69266 1656
33 33 14 68532 68547 15 x destroyed
34 34 63 69594 70032 438
35 35 361 70157 73110 2953 x fuse broken
36 36 98 71485 71782 297 x intact/active
37 37 188 71985 72500 515 x intact/active
38 38 2561 73657 83000 9343 x fuse broken
39 39 x x intact/active

3A 3A 8 77719 77922 203 x x
3B 3B 2 82672 82672 0 x intact/active
3C 3C x x fuse broken
3D 3D 124 81391 81953 562
3E 3E x x intact/active
3F 3F 38 84516 84860 344 x x x

40 40 155 89313 89938 625 x intact/active
41 41 46 90375 90844 469 x intact/active
42 42 243 88688 91782 3094 x intact/active
43 43 78 90047 90485 438
44 44 40 94000 94766 766 x intact/active
45 45 170 92000 93344 1344 x x
46 46 x x x
47 47 x x fuse broken
49 49 x x intact/active

4A 4A 14 96407 96438 31 x intact/active
4B 4B x x x
4C 4C x x intact/active
4D 4D x x x
4E 4E 11 99563 102000 2437 x x
4F 4F 3 100735 100735 0 x intact/active

50 50 x x intact/active
51 51 x x x
52 52 x x intact/active
53 53 x x intact/active
54 54 x x intact/active
55 55 x x
56 x x intact/active
57 57 x x intact/active
58 58 x x damaged

TOTAL 29 11 3 5 13

Figure D-5. Test Data Sheet, Gravel, 10 cm   
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pretest posttest count 1st occurence last occurence time difference foundTriggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

5A 5A 193 58046 58609 563 x
5B 5B 155 53828 54453 625
5D 5D 443 56312 63296 6984 x

59 59 93 65156 65484 328
5E 5E 153 60578 61031 453
5F 5F 99 69828 70078 250 x

60 60 66 65484 66109 625 x
61 61 49 75921 76265 344 x
62 62 197 78234 79031 797 x
63 63 120 73015 73953 938 x
64 64 168 76375 84859 8484 x
65 65 534 79140 87218 8078 x
66 66 357 81375 82640 1265 x
67 67 69 83734 84859 1125 x
68 68 556 93203 97875 4672 x
69 69 340 88859 89890 1031 x

6A 6A 111 91093 92109 1016 x
6D - - - - x x x damaged
6E 6E 423 95609 97312 1703 x
6F 6F 71 97984 98203 219 xx

70 70 34 107843 107984 141 x
71 71 48 102875 103281 406 x
73 73 156 105562 113109 7547 x
74 74 22 116062 116140 78 x
75 - - - - x x destroyed
76 76 35 113109 113984 875 x
77 77 2 123296 123593 297 x
79 79 83 125437 126078 641 x

7C 7C 24 120906 122203 1297 x
7D - - - - x x destroyed
7E 7E 35 126625 127062 437 x

81 - - - - x x destroyed
84 84 31 137562 138000 438 x
86 86 12 133625 133687 62 x
88 88 5 136171 136187 16 x

8C - - - - x x intact/active
8D 8D 102 139859 147062 7203 x
8E 8E 16 142171 142390 219 x

90 - - - - x x x damaged
91 91 3 147281 147890 609 x
92 - - - - x x intact/active
93 93 110 152453 152937 484 x
94 94 2 154906 155515 609 x
95 - - - - x x intact/active
96 96 5 161531 161640 109 x
97 - - - - x x fuse broken
98 - - - - x x intact/active
99 - - - -

9A - - - - x x x damaged
9B - - - - x x damaged

TOTAL 37 3 5 3 4

Figure D-6. Test Data Sheet, Gravel, 15 cm   
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pretest posttest count 1st occurence last occurence time difference Triggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

2C 2C 37 55688 55781 93
2D - - - - x
2E 2E 44 59141 59234 93
2F 2F 148 61281 119813 58532

30 - - - - x
CD CD 56 65625 65734 109

32 32 138 136969 137531 562
33 33 453 70078 72219 2141
34 34 56 72219 72422 203
35 35 532 74813 76344 1531
36 - - - - x
37 37 27 79297 79453 156
38 38 84 81406 81734 328
39 - - - - x x

3A 3A 6 86438 86641 203
3B - - - - x
3C - - - - x
3D 3D 490 93359 94656 1297
3E - - - - x
3F 3F 617 97719 99313 1594

50 50 82 100094 100391 297
51 - - - - x
52 52 353 104422 105406 984
53 - - - - x
54 54 391 109125 110094 969

CE CE 140 110641 111016 375
55 55 29 113953 114031 78
56 - - - - x x
57 57 18 118703 118766 63
58 - - - - x x
59 59 93 122766 123094 328

5A 5A 318 125922 126672 750
5B 5B 126 127984 128266 282
5C - - - -
5D 5D 365 132844 133797 953
5E - - - - x
5F 5F 6 137281 137500 219
C0 C0 91 139156 139406 250
C1 - - - -
C2 C2 316 144516 145500 984
C3 C3 26 146922 147000 78
C4 C4 26 148922 148984 62
C5 C5 117 151578 151859 281
C6 C6 103 153375 153625 250
C7 C7 25 155047 155125 78
C8 C8 29 156625 156703 78
C9 C9 388 158531 159547 1016
CA CA 144 160859 161266 407
CB CB 29 162469 162656 187
CC CC 125 165141 165422 281
- 0C 387 79563 86984 7421

TOTAL 40 3 0 8 0

Figure D-7. Test Data Sheet, Topsoil, 0 cm   
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pretest posttest count 1st occurence last occurence time difference Triggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

46 - - - - x
47 47 27 56563 57500 937
49 49 22 61657 62157 500

4A 4A 13 67891 68094 203
4C - - - -
4D - - - - x
4E - - - - x

50 50 9 70469 70875 406
51 - - - - x
52 52 4 81547 81547 0
53 - - - -
55 55 16 79828 80344 516
56 56 1 82047 -1.15745E+12 1.15745E+12
57 - - - - x
58 - - - - x

5B - - - -
5D - - - - x

60 - - - - x live/active
87 - - - - x live/active

8A - - - - x
8C - - - -
8E - - - - x
8F - - - - x

90 - - - - x
91 - - - - x x
93 - - - - x
94 - - - - x x
97 - - - - x
99 - - - - x x

9D - - - - x
A0 - - - - x
A3 - - - - x
A4 - - - - x
A5 - - - - x
A6 - - - - x x
A7 A7 3 149438 149438 0
A8 A8 5 145766 145969 203 x
AA - - - - x x
AB AB 1 150375 -1.15745E+12 1.15745E+12
B1 - - - -
B6 - - - - x
B7 - - - - x
C4 - - - - x x
C7 - - - -
C9 - - - - x
CA - - - - x x
E1 - - - - x
E2 - - - - x
E3 - - - - x
F6 - - - - x

TOTAL 12 8 0 30 2

Figure D-8. Test Data Sheet, Topsoil, 10 cm   
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pretest posttest count 1st occurence last occurence time difference Triggered fuse removed
Live 
damaged

Mech 
Neutralized Live comment

0 0 120 52312 52640 328
1 1 333 52734 53844 1110
2 - - - - x x
3 3 81 56906 57328 422
4 4 68 64531 64656 125
5 - - - - x x
8 - - - -
9 9 400 64656 66625 1969

10 10 502 66953 73422 6469
11 11 236 69844 70578 734

0B 0B 242 71234 72109 875
0C 0C 199 79172 80031 859
0E 0E 389 75390 81875 6485
0F 0F 185 77875 78515 640

12 - - - - x
13 - - - - x
14 14 202 89062 89750 688
15 15 49 90844 91015 171
16 16 303 88437 93562 5125
17 17 152 95312 96031 719

1D 1D 351 91640 99062 7422
22 22 234 93562 99844 6282
25 25 285 96140 102172 6032
26 - - - - x
28 28 190 99953 100922 969
29 29 423 102281 105312 3031

2A 2A 61 110453 110672 219
2B - - - - x intact/active
2C - - - - x intact/active
2D 2D 152 116687 117140 453
2E 2E 76 118906 119547 641
2F 2F 583 114812 135812 21000

31 31 63 122937 123187 250
32 32 468 119437 126281 6844
33 33 678 121328 128156 6828
34 34 170 129578 140906 11328
36 36 289 126281 132578 6297
37 - - - - x intact/active
38 38 279 129984 130750 766

3A - - - - x
3C 3C 350 134656 140359 5703
3D 3D 202 137125 143297 6172
3E 3E 54 139515 145000 5485
3F 3F 198 141250 146953 5703

40 40 230 143406 149140 5734
41 41 484 145547 151125 5578
42 42 272 147281 148672 1391
43 43 169 149469 150687 1218
44 44 144 151890 152187 297
45 45 341 153594 154719 1125

TOTAL 40 2 1 5 3
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Figure D-9. Test Data Sheet, Topsoil, 15 cm   
 



 

Annex E – Manufacturer Comments 
 

The following material was received from the machine manufacturer in response to a 
draft version of this report. 
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List of 
symbols/abbreviations/acronyms/initialisms 

 

CCMAT Canadian Centre for Mine Action Technologies 

CEN Comité Européen De Normalisation (European Committee for 
Standardisation) 

cm Centimetre 

CROMAC Croatian Mine Action Center 

CTRO Centre for Testing, Development and Training 

dm Decimetre 

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

hp Horsepower 

ITEP International Test and Evaluation Program 

kg Kilogram 

km/h Kilometres per hour 

kW Kilowatt(s) 

m Metres 

mm Millimetres 

N/A Not Applicable 

R&D Research and Development 

rpm Revolutions per minute 

TNT Tri-nitrotoluene 

WORM Wirelessly Operated Reproduction Mine 
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