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Study of the uncertainty measuring of the detonation velocity in a 
waveguide of non-electric blasting system 
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The block-diagram of equipment for measuring the velocity of detonation in non-electrical 
waveguides for blasting is developed. Calibrated time intervals between two pulses corresponding to 
the specified distance between the two photo receivers are measured, in the first mode, and the time 
delay between the pulses of photo-sensors in order to initiate tube and calculate the detonation veloc-
ity using pre-designed instrument is measured in normal mode. Based on the experimental results 
during testing several types of non-electric waveguides placed under certain extreme conditions, an 
evaluation of the uncertainty of the measured velocity of detonation to a value less than 6 m/s is given. 
The uncertainty budget is composed and the contributions of its separate ingredients which are related 
to various sources of uncertainty are discussed.  
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Introduction 
The detonation velocity is an important parameter 

in the quality control of non-electrical waveguides 
(cords, tubes) for blasting. At the Technical Univer-
sity of Sofia electronic equipment, methodology and 
draft standard for measuring the velocity of detonation 
in these waveguides are developed [1-3]. Experimen-
tal studies of large samples of test sections in normal 
and extreme conditions have been carried out [3]. The 
measurement of the parameters of the waveguide 
cords is usually done in special test laboratories. Spe-
cific requirements for the competence of these labo-
ratories in the conduct of the tests associated with in-
creased reliability control of detonation processes are 
actuated in international standards [4]. According to 
BDS EN ISO/IEC 17025 each testing laboratory 
should possess and apply procedures for evaluation of 
the measurement uncertainty of the respective values 

[4]. The definition of all components of uncertainty is 
also recommended there. It is well known [5,6] that 
during measurements there are two approaches: the 
approach of error and uncertainty approach. By defi-
nition, the error is the difference between the meas-
urement result and the reference value of the parame-
ter, until the uncertainty is a parameter that is related 
to the measurement result, which characterizes the 
dispersion of the possible assigned values of the mag-
nitude. Since there are standard samples of 
waveguides for detonation velocity measurement 
missing, in testing laboratories using the developed 
instrument [3] the indirect method of measuring the 
output variable speed v as the ratio of distance s and 
time interval t propagation of detonation in this dis-
tance is applied. The need arises for a more thorough 
investigation of the measurement characteristics of the 
actual measuring device developed, since the experi-
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mental results for testing of waveguides include tech-
nological tolerances used in manufacturing the 
waveguide cords. 

The objective of this paper is, using the obtained 
experimental results to analyze all the sources of un-
certainty in the implementation of indirect measure-
ment of the velocity of detonation of non-electric 
waveguides and to estimate uncertainty of the meas-
uring device developed. 

Block diagram of equipment developed and 
analysis of some metrological results 

The block-diagram of equipment developed (Fig-
ure 1) consists of a block for waveguide initiation 
BWI, waveguide, optical sensors A and B, located in a 
distance s, external calibrated pulse generator CPG 
with the required accuracy, a block for pulse forming 
BPF and a time- and velocity- measuring instrument. 
The scheme functions in two modes of operation to 
verify the accuracy of the measurement and overall 
functional capability of the equipment. 

In the first mode a – measurement of the time de-
lay of single pulses without initiating a tube is carried 
out. Calibrated time intervals between two pulses cor-
responding to the specified distance s between the two 
photo receivers are measured. They are obtained at 
both outputs of the electronic block for pulse forming 
BPF which are fed to the inputs of the instrument. 
Several such pairs of calibrated pulses are applied and 
measuring the time delay t with the instrument a stan-
dard deviation of the result Sstd(t) within 0.4 μs is ob-
tained, which is practically equal to the rms (standard) 
uncertainty u. 

In the second mode b – the scheme is put in normal 
mode for measuring the time delay between the pulses 
of photo-sensors in order to initiate tube and calculate 
the detonation velocity v according to the formula: 

(1)       v = 
t

s
, m/s  . 

It is assumed that the input variables s and t are not 
correlated; corrections of identified systematic effects 
are not introduced. Experiments were performed at a 
fixed distance s = 1 m, which is set by the keyboard. 
The readings for the detonation velocity v are plotted 
on the display. 

Figure 2 presents the experimental results (the 
ranges or intervals = max-min ΔV and the standard 
deviations Sstd of the measured detonation velocities) 
obtained using the test equipment for several types of 
waveguides, which have previously been placed in 
certain mechanical and climatic conditions [3]. Each 
pair of results refers to a sample of 20 pieces 
waveguides from a specific manufacturer placed in 
appropriate conditions. Accordingly, the velocities of 
detonation are near, whereas the average velocity of 
all the 400 attempts is 2022 m/s.  

The following comparative analysis of these results 
can be drawn: 

1. The ratio of ΔV and Sstd can be used to verify 
that gross errors are excluded from the results of re-
peated observations under the criterion of Wright. On 
the criterion of Wright [5], the measurement result Vi 
contains gross error if the absolute value of the mean  
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Fig. 1. Block-diagram of developed instrumentation for measuring velocity of detonation. 
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deviation divided to Sstd is greater than a specified co-
efficient, i.e. 

(2) γtS

VV

std

i
>

−
  , 

where at confidence level γ = 0,9973 the confidence 
coefficient is tγ =3 [5].  

In other words, the check whether the differences 
between current and average values are within ± 3σ –  
(the three sigma) is fulfilled. In our case, the condition 
for the absence of gross error can be written in the 
following form: 

(3) stdS
V

.3
2

<
Δ

 , i.e. .6<
Δ

stdS

V
 

From the results in Figure 2 it can be shown that 
the inequality (ΔV/Sstd) ≤ 4 is executed for all the 
samples, i.e. there has been no gross error. 

2. The standard deviations of the detonation veloc-
ity for each of the manufacturers in various impacts 
vary in a narrow range and cannot be argued that 
some effects on the tube increase or decrease signifi-
cantly Sstd. 

3. The results for standard deviation Sstd have the 
lowest values for waveguides of INDETSHOCK, and 
the highest values in waveguides of VIDEKSDET. 

4. Minimum value for the standard deviations of 

the detonation velocity of Sstd,min = 6 m/s was observed 
in the samples IL and Ph, for which it can be assumed 
that samples of waveguides are cut from batches with 
minimal technological tolerances. 

5. Given that the standard uncertainty u is practi-
cally equal to the standard deviation Sstd [5], it can be 
assumed with great confidence that the uncertainty in 
the measurement of the detonation velocity using the 
developed device will be less than 6 m/s.  

Estimating uncertainty of measurement results 
Various sources of uncertainty in the measure-

ment of the detonation velocity can be represented by 
the respective components in the preparation of un-
certainty budget [5]. For the calculation of the com-
bined rms uncertainty uc(v) of the velocity at uncorre-
lated inputs the following formula can be compiled: 
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where: 

ttts

v

=





=

∂

∂ 1
 = 2022 1/s is the partial derivatives of 

the output variable v in the input parameter s, i.e. rate 
sensitivity or response factor (weighting) in s; 

 
Fig. 2. Ranges or intervals ΔV and standard deviations Sstd of the measured detonation velocities of different types  
of waveguides under certain conditions. Legend: The left symbols indicate the factory, i.e. N - Nonel, P - Primadet,  

I - Indetshock, V - Videksdet; The right symbols represent the test conditions, i.e. n - under normal storage conditions,  
2 - at a pressure of 2 bar; h - in high temperature 800; L - at low temperature –300, 10 - under a load of 10 N. 



“Е+Е”, 7-8/2014 48 

ttt

s

t

v

=





−=

∂

∂
2

= –4.09*106 m3/s2 is the partial de-

rivatives of the output variable v in the input parame-
ter t or rate sensitivity in t; 

)(su  is the uncertainty relating to the tolerance of 
the cutter and a possible error of the operator to meas-
ure and to input the length of the base s from the key-
board of the measuring instrument (0.002 m); 

)(tu is the weighted root mean uncertainty in 
measuring the time interval. Here, according to (5) 

)(tu  participate in the budget of uncertainty with the 
ingredients: uq, uf, ud; 

uq is the uncertainty because of the instability of 
the quartz resonator (contributing 0.002μs); 

uf  is the uncertainty associated with differences in 
the fronts and levels of operation of optical sensors 
(0.2 μs); 

ud is the uncertainty due to sampling for measuring 
the time interval (0.1 μs); 

ua is the uncertainty due to the error of the last 
decimal place related to realization of  the operation 
division (1 m/s); 

uo  is the uncertainty associated with any operator 
mistakes in reading and recording the result (1 m/s); 

ut is the uncertainty due to tolerances in the pro-
duction technology of testing waveguide (10 m/s); 

um is the uncertainty due to measurement condi-
tions (high or low temperature, elongation at tensile 
load, etc.) (5 m/s). 

The last three ingredients in the formula (4) may 
be omitted when evaluating the uncertainty of the de-
veloped device. After substitution of the numerical 
values for the remaining uncertainties, indicated in 
parentheses, in (4) and (5) for the weighted root mean 
uncertainty of velocity measured using this instru-
ment, a value )'(vuc = 4,3 m/s is obtained, which is 

less than that measured above Sstd, min≈ ( )u v = 6 m/s 
for sample IL. 

The full uncertainty of the measurement result by 
taking into account the last three components which 
are related to the operator, the object and the measur-
ing conditions, is measured to )(vuc = 12 m/s. 

Conclusion 
Based on the experimental results (ranges of 

variation ΔV and standard deviation Sstd of the 
measured detonation velocity) in test of several types 
of waveguides, which have previously been placed in 
certain mechanical and climatic conditions, an 

evaluation of uncertainty is obtained using the pre-
designed instrument. The uncertainty budget is 
composed and the contributions of its separate 
ingredients which are related to various sources of 
uncertainty are discussed. The weighted root mean 
uncertainty is estimated in the measurement of 
detonation velocity using the apparatus; such 
components have been omitted, which are related to 
the operator, the object and the measuring conditions. 
Surveys on uncertainty increase the competence of 
specialized laboratories in accordance with 
international standards in the conduct of the tests 
associated with increased control reliability of deto-
nation processes. 
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