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RATE OF RISE DETECTOR FOR USE 

· WITH EXPLOSION DETECTION AND SUPPRESSION EQUIPMENT 

5 BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

· The present invention relates to explosion detection and suppression 

systems for detecting and preventing explosions in protected areas. More particularly, 

the invention relates to a rate of rise detector that accurately and reliably detects 

1 O pressure increases in a protected area and then triggers explosion suppression 

equipment for preventing and/or inhibiting explosions in the protected area. 

2. DESCRIPTION OF THE PRIOR ART 

Explosion protectio".1 systems are commonly installed in industrial and 

. 15. commercial areas for preventing explosions in protected areas. These systems include 

a detector assembly that measures pressure increases in the protected area and then 

triggers explosion suppression equipment when the pressure rises at a rate above.·a 

threshold rate or reaches an absolute pressure level above a threshold pressure. level. 

Unfortunately, prior art detector assemblies often fail to quickly and reliably 

20 trigger their corresponding suppression equipment because of the manner in which they 

calculate pressure increases. Spe~ifically, prior art detector assemblies determine the 

rate of pressure rise (dP/dt) in a protected area by sampling the pressure in the area at 

pre-determined time intervals and then determining the difference between the most 

recent pressure measurement and the immediate preceding pressure measurement. 

25 This difference is then divided by the time interval between the two pressure 

measurements, and the result is compared to a threshold rate. If the calculated rate 

exceeds the threshold rate, the detector assembly triggers the suppression equipment. 

This method of determining the rate of pressure rise is slow and inaccurate 

for a number of reasons. First, momentary pressure variations and electromagnetic 

30 disturbances that occur within the protected areas often cause spikes in the measured 

pressure readings, thus resulting in inaccurate pressure rise calculations. To 

accommodate for these inaccurate readings and to prevent inadvertent triggering of the 
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suppression equipment, prior art det~ctor ~S$ernblies do not trigger their corresponding 

suppression equipment uhtil several of the calculated rate~' have exceeded the threshold 

rate over an extended time period. Although this delay reduces the frequency of 

inadvertent triggering ofthe suppression eqµipment, it also delays the triggering of the 
:: . ., . '. .· ... 

5 suppression equipment:when the pressure actually.is·nsing at dangerous rates and 

therefore reduces the effectiveness of the suppression equipment. 

Another related problem with prior art detebor assemblies is that these 

same momentary pressure variations and electromagnetic disturbances also often 

cause monitored absolute pressure readings to exceed the absolute threshold level, 

1 O again resulting in inadvertent triggering of the suppression· equipment. As with the rate 

of rise pressure calculations, prior art detector assemblies accommodate for these 

inaccurate readings by delaying the triggering of the suppression equipment until the 

monitored absolute pressure readings exceed the absolute threshold level for a pre­

determined time interval .. Once again, this delays the triggering of the suppression 

15 equipment during actuarexplosive conditions~· 

f". ~· 

Prior art detector assemblies are also limited because they are typically 

configured for use with a particular protected area and cannot be easily reconfigured for 

use in a different area having dissimilar operating chara~teristics. The.threshold rates . 

of prior art detector assemblies are also difficult to adjust without comprising the 

20 · accuracy of the detectors. 

OBJECTS AND SUMMARY OF THE INVENTION 

The presertt invention solves theabove.;.described problems and provides 

. a distinct advance in the art of explosion detection and suppression equipment. More 

25 particularly, the present invention provides a detector assembly that more accurately 

and reliably distinguishes ·. between momentary pressure variations and actual 
. . : 

deflagrations and that re~ponds more quickly to actual deflagrations and triggers 

corresponding suppression equipment. The present invention also provides a detector 

··whose threshold rate can be quickly•and easUy changed·to adjust the sensitivity of the 

30 detector and a detector that can be easily configured for use in multiple areas with 

various operating characteristics. 
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The detector assembly of the present invention broadly includes at least 

one pressure sensor or-transducer and a controller. The pressure transducer, which 

is conventional, continuously measures the pressure in a protected area and sends 

signals representative of the measured pressure to the controller. The controller 

5 responds to the pressure signals and triggers the explosion suppression equipment 

if the pressure within the protected area rises at a rate higher than a pre-selected 

threshold. rate or if the absolute pressure exceeds an absolute threshold level. The 

controller also provides a warning if the pressure rises above a pre-selected absolute 

warning level that is less than the threshold level. 

10 In accordance with one aspect of the invention, the controller samples the 

transducer every 200 µSec to obtain a series of successive pressure measurements. 

The controller then stores the sampled pressure measurements in a memory table 

having approximately five positions. Each time the table is filled, the controller 

averages the five pressure measurements to obtain an integrated mean pressure value 

15 having a sample time of 1 mSec and then · erases the table for subsequent 

measurements. This results in the calculation of a series of successive mean pressure 

values each having a sample time of 1 mSec. 

In accordance with another aspect of the invention, the controller stores 

the mean pressure values in an ROR (rate of rise) table having approximately 5 - 25 

20 positions each corresponding to a 1 mSec time period. The length of the table, which 

is user-configurable to account for the volume size and the expected Kst of the 

protected area, determines the dt value for the dP/dt calculation discussed below. For 

example, if the ROR table has ten positions, dt = 10. 

The controller stores the mean pressure values in the table starting at the 

25 top and working down·until the table overflows, at which time the controller overwrites 

the mean pressure values beginning at the top of the table with new mean pressure 

values. Therefore, when the table has been filled, the latest value written in the table 

is always the mean pressure value for the most current mSec period and the value 

below it in the table is always the mean pressure value that was measured "df' times 

30 before (5-25 mSec before, depending on the length of the table). 

The controller accesses the ROR table to calculate a dP/dt validation rate 

every mSec by taking the most recent mean pressure value in the table and 

subtracting Jhe mean pressure value that is in the next lower line of the table and 
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dividing this difference by the dt v~lue · (5 .. 25 mSec, d~pending on the length of the 

. table). The controller the~: compares each ~lculated dP/dt validation rate every mSec 

to a pre-determined threshold dP!dt rate and trigg~ntthe explosion suppression 
. . . 

equipment if any of the calculated dP/dt validation rates ~xceed the threshold rate. 

5 The present invention provides "numerou~ advantages not found in prior 

art detector assemblies .. for example, by $ampling the t~risducer approximately every 

200 µSec and then averaging five of these sampled pre~s~re measurements to obtain 
. .· 

a mean pressure value, the controller "filters out" any ·:pressure spikes caused by· 

electro-magnetic interferences or momentary presst1re variations to prevent 

1 O inadvertent triggering of the suppression equipment. 

Additionally,. by storing approximately 5-25 of the mean pressure values 

in a user configurable· ROR table and then calculating dP/dt validation rates as·· 

described above, the detector can quickly ·and accurately detect rapid pressure 

increases and trigger the ·suppression equipment within :g, ·single mSec without having, 

15 to validate the detected· pressure rise with several additional readings. This enables , 

the explosion protection system to detect and extinguish deflagrations in their incipient: 

stages. 

Moreover, by using a user-configurable RPR table to calculate dP/dt 

rates, the sensitivity of the detector can be quickly and easily modified by simply 

20 adjusting the length of the table. 

BRIEF DESCRIPTION OFTHE DRAWING FIGURES 

A preferred. embodiment of the present invention is described in detail 

below with reference to the attached drawing figures, wherein: 

25 Fig. 1 is an isometric. view of an ·explosion detection and suppression 

system constructed in accordance with a preferred embodiment of the invention and 

shown installed in a protected area; 

Fig. 2 is a graph and memory table mu$trating the sampling of the 

transducer and the calculation of a mean pressure value;. 

30 Fig. 3 is a graph and memory table illustrating the calculation of a dP/dt 

validation rate; 

Fig. 4 is a graph illustrating a momentary pr~ssure disturbance caused by 

a pressure variation or electromagnetic interference in the protected area; and 

.• 
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Fig. 5 is a ar~ph illustrating several exemplary pressure curves and the 

points on the curves where the suppression equipment is triggered by the detector 

assembly of the present invention. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

· · Turning now to the drawing figures and particularly Fig. 1, an explosion 

detection and suppression system 1 O constructed in accordance with a. preferred 

embodiment of the present invention is shown installed in a protected area 12. The 

system broadly includes one or more containers 14 that are spaced throughout the 

1 O · protected area and that each have pressurized suppressant material stored therein and 

a detector assembly 16 for monitoring the pressure in the protected area and for 

triggering the release of the suppressant material from the containers during explosive 

conditions. The protected area may be any enclosed area that is subject to the build-up 

of explosive conditions such as a bag house, grain elevator, tank, or other industrial or 

15 commercial enclosure. 

In more detail, the containers 14 are conventional and each includes an 

internal rupture disk (not shown) and an electrically responsive initiator 18. The rupture 

disks retain the pressurized suppressant material in the containers when the protected 

area is under normal operating conditions. During explosive conditions, the initiators 

20 rupture or break the rupture disks after receiving a triggering signal from the detector 

assembly 16 to release the suppre~sant material from the containers for suppressing an 

explosion in the protected area. 

The detector assembly 16 broadly includes one or more pressure sensors 

ortransducers 20 spaced throughout.the protected area 12, a controller 22 electrically 

25 coupled with the sensors and the initiators 18, and an alarm device 24 coupled with the 

controller. The detector assembly may also be coupled with other devices such as a 

remote monitoring station {not shown). 

The transducers 20 are conventional and are each operable to 

continuously measure the pressure in the protected area 12 and to generate 

30 representative output signals. The output signals are preferably 4-20 mA analog 

current signals. The transducers may also be configured to measure other parameters 



W000/26881 PCT/US99/24334 

- -6-

within the protected are~•such as smoke, heat, dust; orgases related to the build-up 
. ·., . 

of explosive pressures. · -· : l ···:. 

The controller 22 monitors the pressure sig~als from the transducers 20 

and triggers the initiators 1,8 to release the suppressant f!taterial in the containers 14 

5 during explosive conditions. More particularly, the controll~r is configured to triggerthe 

initiators if the pressure V1.1ithin the prot~cted area rise~ -~t a rate higher than a pre­

selected threshold rate or if the pressure exceeds an apsolute threshold level. The 

10 -

controller may also energize the alarm device 24 to prqvide a warning if the pressure 

rises above a pre-selected absolute warning level that is l~ss than the threshold level. 

To calculate the rate of pressure rise in the protected area, the controller 

22 first converts the analog output signals from the_ transducers 20 to digital signals. 

To this end, the controller includes an internal current~to-voltage converter that first 
. ' . 

converts the 4-20 mA transducer output signals to 0-5 V BIJalog signals and an internal 

analog-to-digital converter that converts the 0-5 V sign~ls to 8-bit digital numbers. 

15 Figs. 2 and 3 illustrate· exemplary digital pressure signals 26 generated by the 

cdntroller. 

In accordance with one aspect ofthe invention, the controller 22 samples 

each transducer 20 every 200 µSec to obtain a series of 5 successive pressure 

measurements spanning a 1 mSec period. Five exemplarY·:samples are identified by the 
- --

20 letters a-e in Fig. 2. The controller then stores each of the five successive pressure 
. : : .. · 

measurements in a first memory table 28 having five positions. The memory table may 

be stored in any solid state memory device such as a chip. -

When the memory table 28 is filled with five pressure measurements, the 

controller 22 averages the measurements to obtain an integrated mean pressure value 
- - -

25 having a sample time of 1 mSec. -This mean pressure v~lve is temporarily stored in 

another memory position 3o. The c~ntroller then erases the table and successively fills 

it with the next five sampled pressure measurements ·· and then averages these 

measurements to obtain another integrated mean pressure value having a sample time 
. ': . :·:·' 

of 1 mSec. The controller continuously repeats these steps, resulting in the calculation 
--

30 of a series of successive mean pressure values each havil'lg a sample time of 1 mSec. 

In accordance with another aspect of the invention, the controller 22 stores 
. . . .. ·.·: ,· 

the series of successive mean pressure values in an ROR (rate of rise) table 34 as 

depicted in -Fig. 3. The table preferably has between 5 and 25 positions, each 
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corresponding to a 1 ms-fig: time period. The number of pbsitions in the table determines 

the dt for the dP/dt calculations as described below. 

The controller 22 stores the mean pressure values in the ROR table 34 

starting at the top and working toward the bottom until the table overflows, at which time 

5 . the mean pressure values beginning at the top of the table are overwritten with new 

mean pressure values. Therefore, once the table has been filled, the latest value written 

in the table is always the mean pressure value for the most current mSec period and the 

value below it in the table is always the mean pressure value that was measured 11dt" 

times before (5-25 mSec before, depending on the length of the table). 

10 The controller 22 then calculates a dP/dt validation value every mSec by 

taking the most recent mean pressure value from the table 34 and subtracting the mean 

pressure value that is in the next lower line and dividing this difference by the dt value 

(5-25 mSec, depending on the length of the table). For the example illustrated in Fig. 

3, which has an ROR table with.10 positions and therefore a dt value of.10, the dP/dt 

15 validation value at 1 O mSec would be (P2 - P1)/10. 

Each time the controller 22 calculates a new dP/dt validation value, it 

compares the calculated dP/dt validation value to a pre-determined threshold dP/dt rate. 

If any of the calculated dP/dt validation values exceed the threshold rate, the controller 

triggers the initiators 18 to release the suppressant material from the containers 14. 

20 To ensure accurate measurements, the pressure change (dP) that must 

25 

be measured in the protected ar~a 12 to trigger the initiators 18 is selected to be 

approximately five percent (5%) of the range of the transducers 20. For example, if the 

transducers have a range of 660 mbars, the pre-selected dP portion of the dP/dt 

threshold should be approximately 33 mbars. 

Because the dP portion of the dP/dt threshold rate should always remain 

fixed as described above, the dt value must be altered if it is desired to adjust the 

threshold rate at which the suppression equipment is triggered. In the present invention, 

the length of the ROR table determines the dt of the dP/dt threshold. For example, if the 

table has five positions, the dt value equals five. Accordingly, to permit adjustment of 

30 the dP/dt threshold rate and therefore the sensitivity of the detector assembly 16, the 

controller 22 includes software that permits the length ofthe table 34 to be user-selected 

to account for the volume size and the expected Kst of the protected area. For example, 



W000/26881 PCT/US99/24334 

-8-

·the user may.select a tabl~ with five stora~e ppsitions tq·obtain a dP/dt threshold rate 

of approximately ·100 psi/second,· or a table with twenty-flye storage positions to obtain 

a dP/dt threshold rate of approximat~ly 20 psi/second. 

T~e manner ·in which t~e controller 22 calcolaies the rate of pressure rise 

5 in the· protected area offers several advantages. For·example, the sampling and 

averaging functions of the controller 22· "filter out" any :pressure spikes caused by 

electro-magnetic interferences or ·momentary pressure•· variations that occur in the 

protected area 12. For example, if a pressure spike 32 such as the one illustrated in the 

graph of Fig. 4 occurs, it will likely only be present during one of the 200 µSec sample 

10 periods. The controller's averaging function averages the spike with other normal 

measurements so that the spike does not cause an ·inadvertent triggering of the 

suppression equipment. 

Applicant has discovered that an averagin'g function that uses a memory 
. ' ' 

' ' 

table _28 with five positions adequately prevents inadvertent triggering of the initiators 18 

15 caused by momentary pressure fluctuations and electromagnetic disturbances. 
•,: 

However, those skilled in the art will appreciate that a memory table having a different 

number of positions may also be used without departingJrom the scope of the present 

· invention. 

The use of the ROR table 34 also contributes to the accuracy and 

20 responsiveness of the present invention. Specifically,_ by storing 5-25 of the mean 

pressure values in the ROR table and then calculating dP/dt validation values as 
' . 

described above, the detector assembly 16 can accurately detect rapid pressure 

increases ahd then quickly trigger the suppression equipment within a single mSec 

without having to validate the detected pressure rise with several additional readings. 

25 This provides a more rapid and reliable triggering of the suppression equipment so that 

deflagrations can be detected in their incipient stages and extinguished. 

The curve ~6 in Fig. 5 illustrates the d~tection of a rapid pressure 
.. 

increase in the protected a~ea 12 by the detector assembly 16 of the present invention. 

The curve initially increases gradually b.ut then begins to rise rapidly due to a rapid 

30 build-up of pressure within the protected area. At the point 38 depicted on the curve, 

the detector assembly det~cts a rate of pressure rise that exceeds the dP/dt threshold 

rate and triggers the suppression equipment. This suppresses the explosion as 

indicated by the downturn in the curve 36 after the point 38. 
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The curve:,itb in Fig. 5 illustrates the detection of a gradual pressure 

increase that does not exceed the dP/dt threshold rate but that does eventually exceed 

an absolute pressure threshold level. The curve increases gradually over time and 

rises above a warning pressure level at point 42. At this point, the detector assembly 

5 16 energizes the alarm device 24 or sends a warning signal to an operator. To prevent 

the controller 22 from energizing the alarm device and then immediately thereafter 

triggering the suppression equipment if the pressure continues to rise rapidly, the 

controller may be equipped with a delay so that the measured pressure value must 

exceed the warning level for a period of 50 mSecs, or 250 sample periods before the 

10 alarm device 24 is energized. 

15 

If the pressure in the protected area 12 continues to rise as depicted by 

the curve 40, it eventually rises above the threshold pressure level at point 44. At this 

point, the detector assembly 16 triggers the suppression equipment to suppress the 

explosion. 

When the controller 22 triggers the suppression equipment, it also 

preferably stores the measured pressure values that occurred immediately before and 

after the triggering for later analysis. 

Although the invention has been described with reference to the preferred 

embodiment illustrated in the attached drawing figures, it is noted that equivalents may 

20 be employed and substitutions made herein without departing from the scope of the 

invention as recited in the claims. Having thus described the preferred embodiment of 

the invention, what is claimed as new and desired to be protected by Letters Patent 

includes the following: 
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CLAIMS:. 
* C L M S * 

1. A method of calcµlating the ·rate at V1(h,ich a parameter rises in an 
. . ~ . . . . 

enclosed area, the method comprisjng the steps of: 
' : 

a. measuring: the paranjeter ·with ·a sensor to generate a sensor signal 

b. 

c. 

d. 

e. 

f. 

g. 

' ' 

represelitativ~ 6f the pa~meter; 
;, ,. . . . 

periodically sampling: the serisorsignal to obtain a number of successive 

sampled measurements; 

successively storing .the sampied measurements in a memory; 

averaging the stored' measurements at a pr~-determined time interval to 

obtain a mean value; 

· storing the mean vaiue ·in the memory; 

repeating !;teps (b) - (e) to obtain.and store a number of successive mean 

values in the memory; and 

calculating the rate at which the parameter rises in the enclosed area by 

comparing at least two of the mean values. 

2. The method as s~t forth in claim 1, step (g) comprising the step of· 

determining the difference between a mean .value that has been in the memory the . 

longest amount of time and a mean value that has been in the memory the shortest 

20 amount of time and dividing the difference by the number of mean values in the memory. 

25 

3. The method as set forth in claim 2, further including the step of 

comparing the calculated rate to a pre-determined threshold rate and triggering 

suppression equipment if the calculated rate exceeds the threshold rate. 

4. The method as set forth in claim 1, wherein step (b) comprises 

sampling the sensor signal approximately every 200 µSec. 

5. The method as set forth in claim 1, step (c) comprising storing the 

30 sampled measurements in a first memory table until five measurements have been 

stored. 



W000/26881 
11111111 llllil 1111111111111111 

* C L M S * 
PCTIUS99/24334 

-11-

6. The m~tHtid as set forth in claim 5, ste~ ·(d) comprising averaging the 

five stored measurements to obtain the mean measurement. 

7. The method as set forth· in claim 1, wherein approximately 5-25 of the 

5 mean values are stored in a second memory table. 

8. The method as set forth in claim 7, further including the step of 

continuously updating the second memory table after the 5-25 mean values have been 

stored by successively replacing the mean value that has been in the second memory 

1 O table the longest with the most current mean value. 

15 

9. The method as set forth in claim 1, the parameter being pressure in the 

enclosed area. 

10. The method as set forth in claim 1, the sensor comprising a pressure 

sensor. 

11. A rate of rise detector for detecting when a measured parameter in an 

enclosed area rises at an unsafe rate, the detector comprising: 

20 a sensor for measuring the parameter and generating a sensor signal 

25 

30 

representative of th~ parameter; and 

a controller operably coupled with the sensor and configured. to: periodically 

sample the sensor signal to obtain a plurality of successive sampled 

measurements; store the sampled measurements in a memory; average 

the stored measurements at pre-determined time intervals to obtain a 

series of successive mean values; store the mean values in the memory; 

and calculate the rate at which the parameter rises by comparing at least 

two of the mean values. 

12. The detector as set forth in claim 11, the controller further being 

operable to compare the calculated rate to a pre-determined threshold rate and to trigger 

suppression equipment when the calculated rate exceeds the threshold rate. 
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13. The detector as set forth in claim 11, the controller being further 

operable to calculate the rate by determining the difference between the mean value 

that has been in the memory the longest amount of time and the mean value that has 

been in the memory the shortest amount of time and dividing the difference by the 

5 number of mean values in the memory. 

10 

14. The detector as set forth in claim 11, the controller further being 

operable to sample the sensor signal approximately every 200 µSec. 

15. The detector as set forth in claim 11, the controller further being 

operable to store the sampled measurements in a first memory table until five 

measurements have been stored. 

16. The detector as set forth in claim 15, the controller further being 

15:· operable to·average the five stored ·measurements to obtain the mean values. 

20 

25 

30 

17. The detector as set forth in ·claim 11, the controller further being 

operable to store approximately 5-25 of the mean values in a second. memory table. 

18. The :detector as set forth in claim 17, the controller further being 

operable to continuously update t~e second memory table after the 5-25 mean values 

have been stored by successively replacing the mean value that has been in the second 

memory table the longest with the most current mean value. 

19. The detector as set forth in claim 11, ·the parameter being pressure 

in the enclosed· area. 

20. The detector as set forth in claim 19, the sensor comprising a pressure 

sensor. 


