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Abstract: A subject of investigation was conventional design of pilot operated pressure relief 
valve. Non linear mathematical model of the valve was developed. Theoretically and 
experimentally the transient response of the valve has been investigated. Using advance 
measurement equipment experimentally has been shown the opening of the main valve before the 
pilot valve, i.e. opposite of the static characteristic.
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 Equation of motion of the closing element of the pilot valve [4]
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 Equation of continuity in front of the pilot valve [4]
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 ! =  "! + #! $ %&!%' = (! $ ) $ %! $ *+,-! $ .2/ $ 01,2 + #! $ %&!%'                                     (2)

B1%+%' ! D ,1%' "#(;' ,1+($.1' ,1%' 2*#(,' 30#3%C' "! D ,1%' "#(;' ,1+($.1' ,1%' &(!,+(#' (+*"*&%' ("' ,1%' 2*#(,'

30#3%; -! D ,1%'0!.#%'("'"#(;*!.'*!',1%'2*#(,'30#3%7

 Equation of motion of the closing element of the main valve

34 $ %2&4%'2 + 54 $ (64 + &4) + 74 $ &4 $ 08,2 = 08 $ #9 + 02 $ :# ; 0" $ #4                    (3) 

B1%+%'3< – ,1%'/0--'("',1%'&#(-*!.'%#%/%!,'("',1%'/0*!'30#3%C'5<D ,1%'-2+*!.'&(!-,0!,'("',1%'/0*!'
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– ,1%'&(%""*&*%!,'("',1%'19)+()9!0/*&'"(+&%'("',1%'/0*!'30#3%C'08,2 – ,1%'2+%--$+%')+(2'0,',1%'/0*!'

30#3%C'#9 D ,1%'0+%0'("',1%'/0*!'30#3%'-%0,C'#4 D ,1%'0+%0'("',1%'&#(-*!.'%#%/%!,'("',1%'/0*!'30#3%7

 Equation for pressure drop in the resistance =808,1 = 78> $  !? + 78@ $ A !8A !8 + B8 $ % !?%'                                                  (4) 

B1%+%'78> D ,1%'#*!%0+'+%-*-,0!&%'*!',1%'(+*"*&%'=8; 78@D ,1%'#(&0#'+%-*-,0!&%'*!',1%'(+*"*&%'=8; B8 – ,1%'
*!%+,*0#'+%-*-,0!&%'*!',1%'(+*"*&%'=8;  !? – ,1%'2*#(,'(*#'"#(;7

 Equation of compressibility in the spring chamber of the main valve

 !C = #4 $ %&4%' ; DEF $ %0"%'                                                                    (5) 

B1%+%'DE D 3(#$/%'("'(*#'*!',1%'-2+*!.'&10/:%+'("',1%'/0*!'30#3%C'F D :$#F'/()$#$-'("',1%'(*#7

 Equation for pressure drop in the resistance =20",1 = 72> $  !C + 72@ $ A !2A !2 + B2 $ % !C%'                                                  (6) 

B1%+%'72> D ,1%'#*!%0+'+%-*-,0!&%'*!',1%'(+*"*&%'=2; 72@D ,1%'#(&0#'+%-*-,0!&%'*!',1%'(+*"*&%'=2; B2 – ,1%'
*!%+,*0#'+%-*-,0!&%'*!',1%'(+*"*&%'=2;  !C – ,1%'2*#(,'(*#'"#(;',1+($.1',1%'(+*"*&%'=27

 Equation of continuity in front of the valve 4 =  GH +  I +  8                                                                      (7)

;1%+%A' GH = J1 ; KK?L (I $ ) $ %I $ &I $ M2N $ 08 D"#(;' ,1+($.1 ,1%' )*+%&,*(!0#' &(!,+(#' 30#3%' V=' ;1*&1'

&#(-%-'"(+',*/%'t1; t – ,*/%C' v – "#(;'&(%""*&*%!,',1+($.1',1%')*+%&,*(!0#'&(!,+(#'30#3%;  I =
OPQ RS?RK  – "#(;'

;1*&1'%!,%+-'*!',1%'3(#$/% V0;    –  !"#$%&'#"( ")*(+# !"#,-%,"

 Flow equation through the main valve

!" = #$ % & % '( % )*+,$ % -$ % .2/ % 0 ,1                                                              (8) 

'!")"##$ .  !"#$%&'#/&"$$*/*"( #&$# !"#0-*(#,-%,"1#'( .  !"#2"- #3*-0" ")#&$# !"#0-*(#,-%,"1 ,$ .  !"#
-(+%"#&$#$%&'*(+#*(# !"#4*%& #,-%,"5

 Equation of continuity in front of the main valve

! = !" + !23 + 4( % 5-$56                                                                      (9) 

 Flow equation through outlet pipeline

01 = 789 % !1 + 7:9 % |!1| % !1 + ;9 % 5!156                                                            (10)
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)"2*2 -(/"# *(#  !"# &6 %" # 4*4"%*("1#01 .  !"# 4)"226)"# 3)&4#  !)&6+!#  !"# &6 %" # 4*4"%*("1#!1 .  !"# $%&'#
 !)&6+!# !"#&6 %" #4*4"%*("5

72#/-( 8"#2""(#&$#  !"#-8&,"#/&(2*3")- *&(9#  !"#0- !"0- */-%#0&3"%#&$#  !"#4*%& #&4")- "3#
4)"226)"#)"%*"$#,-%,"#*2#3"2/)*8"3#8:#%-)+"#2:2 "0#&$#(&(%*("-)#3*$$")"( *-%#-(3#-%+"8)-*/ ";6- *&(5#
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 ! "#$%&'(%")#(&*+%&()+,)$)*'-+")+*(#$"(.)*#(&&/#()#(-'(,)0$-0(

<!"# 268="/ # &$# *(,"2 *+- *&( '-2#

Denison 4)"226)"# )"%*"$# ,-%,"#  :4"#R4V 069
2!&'(#&(#$*+52 [>?5

<!"# 4-)-0" ")2# &$#  !"# ,-%,"# -)"@ 

 ! = 5 "" , #! = 250 
$

%%
,  & = 5.5 "" ,

 '() = 0.8 "", '(* = 0.6 "", +'() = +'(* =

1 "" , ,- = 28.5 "" , ,. = 28 "" ,

#. = 7 
$

%%
, /. = 16.5 "",  !"# 4-)-0" ")2#

&$#  !"# &*%# -)"@ 0 = 34 #1 , 2 = 890 
-3

%4
and 

5 = 1.45 6 107 8/"* and working flow is 
30 l/min5 <!"# ,-%,"# &6 %" # '-2# /&(("/ "3#
'* !#  !"#  -(A# 8:#  !"# 4*4"%*("# '* !# 3*-0" ")#

20 mm -(3#%"(+ !#1.5 m5

 

B*+5 3###B6(/ *&(-%#3*-+)-0#&$# !"#"C4")*0"( -%# "2 #2 -(3

7# $6(/ *&(-%# 3*-+)-0# &$#  !"#  "2 # 2 -(3# $&)# "C4")*0"( -%# 3" ")0*(- *&(# &$#  !"#  )-(2*"( #
)"24&(2"# *2# 2!&'(# &(# $*+5D5 B&)# )"-%# 8"!-,*&)# &$#  !"# ,-%,"# *(#  !"# 2 -(3# -2# *(# -# 2:2 "09# * # *2#

-2260"3# !- # !")"#*2#,&%60"#&$#&*%#*(#$)&( #&$# !"#,-%,"#Vo -(3#3&'(2 )"-0#4*4"%*("#'* !#)"2*2 -(/"#
rp -(3#*(") *-%#)"2*2 -(/"#Lp5 <&#*2&%- "# !"#&*%#/&04)"22*8*%* :#8" '""(  !"#4604#-(3  !"#,-%,"#-(3
$&)# )"36/*(+# 4)"226)"# 46%2- *&(# -$ ")  !"# 46049# * # *2# *(/%63"3# -# !:3)&3:(-0*/# $*% ")5 <!"#
!:3)&3:(-0*/#$*% ")#*2#/&04&2"3#&$#,&%60"#&$#&*%#Vf -(3#!*+!#*(") *-%#)"2*2 -(/"#Rf5

7#4)"226)" 2"(2&)#PS $&)#4)"226)"#0"-26)"0"( #*(#$)&( #&$# !"#,-%,"#-(3# '&#3*24%-/"0"( #
2"(2&)2#DS $&)#3*24%-/"0"( #&$# !"#4*%& #-(3# !"#0-*(#,-%,"#3*24%-/"0"( #0"-26)"0"( #-)"#86*% .
*(#- #  !"#2 -(35#7(-%&+#2*+(-%2# $)&0#  !"#2"(2&)29#  !)&6+!#-44)&4)*- "#/-8%"29#-)"#  )-(2$")#  &#  !"#

B*+5E#<!"#-(-%:F"3#,-%,"# :4"#G>H#IJ.Denison K>?
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L- -#7/;6*2* *&(#M:2 "0#'!")"#  !":#-)"#/&(,") "3#  &#3*+* -%#&("25#<!"#L- -#7/;6*2* *&(#M:2 "09#
 !)&6+!#NMO#/-8%"9# *2#/&(("/ "3#  &#  !"#/&046 ")#-(3#62*(+#24"/*-%%:#4)&+)-00"3#2&$ '-)"#  !"#
0"-26)"3#4-)-0" ")2#-)"#3*24%-:"3#*(#+)-4!*/-%#$&)05#

7#)-4*3#/%&26)"#&$# !"#3*)"/ *&(-%#/&( )&%#,-%,"#V /)"- "2 -# )-(2*"( #)"24&(2"5#P604#$%&'#q0

"( ")2# *(#  !"# *(%" # ,&%60"# V0 -(3#  !"# *(%" # 4)"226)"# p1 *2# *(/)"-2*(+5# O"/-62"# &$# !*+!# %&/-%#

)"2*2 -(/"#- # !"#&)*$*/"2#R1 -(3 R2 -%'-:2# !"#0-*(#,-%,"#$*)2 #&4"(25 <!"#24&&%#&$# !"#0-*(#,-%,"#
*2#0&,*(+#64#-(3#/&04)"22"2#&*%# ,&%60"# ! *(#  !"#24)*(+#/!-08")#&$#  !"#0-*(#,-%,"# Q$*+5RS5#<!"#
4*%& # ,-%,"# &4"(2# -$ ")# )"-/!*(+#  !"# 2" # 4)"226)"# - # * 5# 7$ ")# &4"(*(+#  !"# 4*%& # ,-%,"9# 8-%-(/"# &$#
$&)/"2# -/ *(+#  &#  !"# /%&2*(+# "%"0"( # &$#  !"# 0-*(# ,-%,"# *2# *04-*)"3# -(3#  !"# 0-*(# ,-%,"# *2# $6%%:#
&4"(*(+5 P)",*"'2 $-2 &4"(*(+ &$  !" 0-*( ,-%," 3"/)"-2"2#!*+!#4)"226)"#&,")%&-3#- #8"+*((*(+9#
 :4*/-%#$&)#3*)"/ #&4")- "3#4)"226)"#)"%*"$#,-%,"2#KD?5

####

-S #############################################################################8S
B*+5> <)-(2*"( #)"24&(2"#&$#-#4*%& #&4")- "3#4)"226)"#)"%*"$#,-%," '* !#Vo =52 cm3

<)-(2*"( #)"24&(2"2#&$# !"#4*%& #&4")- "3#4)"226)"#)"%*"$#,-%,"#'* ! ,&%60"#&$#&*%#*(#$)&( #&$# !"#

,-%,"# Vo =52 cm3 -)"# 2!&'(# &(# $*+5>5 T(# $*+5>.-#  !"# 4)"226)"# *(# $)&( # &$#  !"# ,-%,"# -(3#  !"#
3*24%-/"0"( #&$#4*%& #-(3#  !"#0-*(#,-%,"# $&)#4)"226)"#2"  *(+#&$#60 bar *2#2!&'(5#T(#$*+5#>.8# !"#
4)"226)"#*(#$)&( #&$# !"#,-%,"#-(3# !"#3*24%-/"0"( #&$#4*%& #-(3# !"#0-*(#,-%,"#$&)#4)"226)"#2"  *(+#

&$#100 bar *2#2!&'(5#
<)-(2*"( #)"24&(2"2#&$# !"#4*%& #&4")- "3#4)"226)"#)"%*"$#,-%,"#'* ! ,&%60"#&$#&*%#*(#$)&( #&$# !"#

,-%,"# Vo =480 cm3 -)"# 2!&'(# &(# $*+555 T(# $*+5U.-#  !"# 4)"226)"# *(# $)&( # &$#  !"# ,-%,"# -(3#  !"#
3*24%-/"0"( #&$#4*%& #-(3#  !"#0-*(#,-%,"# $&)#4)"226)"#2"  *(+#&$# 60 bar *2# 2!&'(5#T(# $*+5U.8#  !"#
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4)"226)"#*(#$)&( #&$# !"#,-%,"#-(3# !"#3*24%-/"0"( #&$#4*%& #-(3# !"#0-*(#,-%,"#$&)#4)"226)"#2"  *(+#
&$#100 bar *2#2!&'(5#

###

#######################-S#############################################################################8S

B*+55 <)-(2*"( #)"24&(2"#&$#-#4*%& #&4")- "3#4)"226)"#)"%*"$#,-%,"#'* !#Vo =480 cm3 

1! 2+%2-/&'+%

Y- !"0- */-%#0&3"%#&$#-#4*%& #&4")- "3#4)"226)"#)"%*"$ ,-%,"# *2#3"2/)*8"3#8:# %-)+"#2:2 "0#&$#
(&(%*("-)#3*$$")"( *-%#";6- *&(25 <!"#&8 -*("3# !"&)" */-%#)"26% 2#-)"#/&($*)0"3#8:# !"#"C4")*0"( 25#
B&%%&'*(+#  !"# )-4*3#&4"(*(+#&$#  !"#0-*(#,-%,"#8"$&)"#  !"#4*%& 9# * # *2#-,&*3"3#  !"#2:2 "0#&,")%&-3#
$)&0# !"#4)"226)"#*(/)"-2"#- # !"#8"+*((*(+5#B&)# !*2#)"-2&(#0-(:#/&04-(*"2#&$$")#-44%*/- *&(#&$#
4*%& #&4")- "3#4)"226)"#)"%*"$#,-%,"2#$&)#%&'")#$%&'29# &&5
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