
TV
o
l.
 2

1
 N

o
. 
8
 
� 

O
c
to

b
e
r  

2
0
2
2

!"

!"#$%&'()#*(+*&,-.&/+*,01$&21*$#-1,3

!"#$%&'()%
Material Technologies and Original 

Solutions Load Rehabilitations

!"#$%&'()(%*+',-(##(

./$%&'()(%*0'##'/1))-

Foreword

T!"# $%&"'!()# *+,--./%01"0*#
(2)13-"#'($#0"4"-%5"06#2"(-17"0#
(80#52%5%$"0#18#)'%#5(2)$9#:!"#
+12$)#5(2)#1$#(#&%8%;2(5!6#'!"2"#

)!"#($5"3)$#2"-()"0#)%#)!"#)"3!8%-%;<#%+#
)!"#&()"21(-$#(80#)!"#&%)14()1%8$#)!()#
-"0#,$#)%#0""5"8#%,2#=8%'-"0;"#%+#)!"&#
)%#/"#(/-"#)%#*">5-%1)*#)!"&#)%#)!"#+,--"$)9#
?!1-"# 18# )!"# $"3%80# 5(2)6# "8)1)-"0#
*@"$1;8"0#(80#A%-4"0#B-1813(-#B($"$6*#
'!13!#'1--#/"#5,/-1$!"0#18#)!"#8">)#1$$,"#
%+#0"8)(-#01(-%;,"6#'"#'1--#52"$"8)#$%&"#
0"$1;8"0#(80#$%-4"0#3-1813(-#3($"$#,$18;#
'!()#1$#0"$321/"0#!"2"#CD1;9#EF9#

Introduction

?"#(2"#;%18;#)!2%,;!#<"(2$#%+#)2(8$1)1%8#

+2%&# "$)(/-1$!"0# 52%$)!")13# 0"8)1$)2<#
)!()# !($# (-'(<$# ,$"0# &()"21(-$# (80#
&")!%0$#%+#4(21%,$#=180$#18#(8#(8(-%;#
+%2&#)%#52%$)!")13#0"8)1$)2<#)!()#&(="$#
,$"# %+# )"3!81G,"$6# &()"21(-$6# (80#
52%3"$$"$#)!()#(2"#1832"($18;-<#3%&5,)"2.
01;1)(-#CD1;$9#H#(80#IF9

J8#)!1$#(2)13-"6#01410"0#18)%#)'%#5(2)$6#
'"#'1--#(002"$$#52(3)13(-#($5"3)$#,$"0#18#
%,2# -(/%2()%2<# (80# 52(3)13"# (3)141)1"$#
)!()# !(4"# /""8# 3%8+12&"0# 32,31(-# )%#
)"3!813(-#(80#3-1813(-#$,33"$$#CD1;9#KF9

B!%13"# %+# 3%88"3)%2$# +%2# 32%'8$#
%2# 1&5-(8)# +2(&"'%2=$L# %8-<# -%8;#
3%88"3)%2$#'1)!# )!"#%4"2(--# !"1;!)# %+#
(/%,)#HMI#%+#)!"#)%%)!#"-"&"8)#$!%,-0#
/"# %5)"0# +%26# 8"4"2# $!%2)# 3%88"3)%2$#
CD1;9#K(F9

*+(%,-.(/$01(%02%
$,%3(2/#0-(%$+(%

4,$01"$0,'2%"'3%52(%
,6%,#070'"8%2,85$0,'2%

0'%9,#:0'7%90$+;%
$#("$0'7;%"'3%520'7%

<0#/,'0"=/(#"40/2%0'%
>#,2$+($0/%3('$02$#?@

SD-V21N8-Oct2022-final.indd   26 2022-10-04   10:48 AM



w
w

w
.p

a
lm

e
rim

e
d
ia

g
ro

u
p
.c

o
m

!#

!"#$%&'()#*(+*&,-.&/+*,01$&21*$#-1,3

!"#$%&'()%
Material Technologies and Original 

Solutions Load Rehabilitations

Fig. 1
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Fig. 2 Fig. 3

Fig. 4 Fig. 4a

!"##$%"&$'(")
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Fig. 6

Fig. 8

Fig. 5

Fig. 7
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52%$)!")13#0"413"$#'1)!%,)#,85-"($(8)#
5()!'(<# 183%84"81"83"$9# ?"# '1--#
"80"(4%,2# )%# ">5-(18# !%'# )%# (55-<#
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Fig. 9

Fig. 9a
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'!"2"# !"# 3!(8;"0#
!1$#8(&"9

Y# */2(18# %8# )!"#
2,8*# "4"8# )!"89#
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'1)!# )!"12# (/1-1)1"$# )!"12# (5)1),0"$# )%#
">3!(8;"#)!"12#=8%'-"0;"#(80#(3G,12"#
8"'#=8%'-"0;"6#!(4"#(-'(<$#/""8#)!"2"#
(80#'1--#(-'(<$#/"#)!"2"9#J)#1$#3"2)(18-<#
8%)#(#-('#%2#2";,-()1%8$#)!()#3(8#32"()"#
)!1$#">5"21"83"#(/2%(09#A)1--6#1)#1$#(#0"$12"#

)!()#1$#/%28#'1)!18#,$6#(80#)!()#3(8#/"#
0"4"-%5"0# !(2&%81%,$-<# '1)!%,)# )!"#
8""0#+%2#,81G,"#3%8$)2(18)$9#R(;2(8;1(#1$#
3%8$10"2"0#%8"#%+#)!"#;2"()"$)#(80#&%$)#
18+-,"8)1(-#P,2%5"(8#&()!"&()131(8$#%+#
)!"#E^)!#3"8),2<9

_1$# &%$)# 1&5%2)(8)# '%2=# 1$#
*Y8(-<)13(-# \"3!(813$6*# 5,/-1$!"0# 18#
ET^^6#'1)!#'!13!#2()1%8(-#&"3!(813$#'($#
3%84"8)1%8(--<#/%289# J8#&()!"&()13$6#
R(;2(8;1(# 1$# 2"&"&/"2"0# +%2# !1$#
3%8)21/,)1%8$# )%# 8,&/"2# )!"%2<# (80#
+%2# /"18;# (&%8;# )!"# +%,80"2$# %+# )!"#
3(-3,-,$#%+#4(21()1%8$9#c,$)(4#@1213!-")6#
'!%$"#5()"28(-# +(&1-<# 3(&"# +2%&# )!"#
41--(;"#%+#@1213!-")#18#S"-;1,&6#'($#/%28#
18#@d2"86#'!"2"#!1$#+()!"2#2(8#)!"#5%$)#
%++13"9#_"# '($# "0,3()"0# 18#c"2&(8<#
(80# )!"8# 18#D2(83"6#'!"2"#!"#!(0#($#
)"(3!"2$#&(8<#+(&%,$#&()!"&()131(8$#
%+#)!"#)1&"9#

Fig. 10

*+$',(-,-'$%(#('./
Perturbation

System

Max global

Min global

Max local 

Min local

Lagrange- Dirichlet Theorem 
(L&D Theorem)

Stability

9 Stability is a basic concept of physics.  
9 This concept is totally applicable in 

testing control systems. It refers to the 
tendency of a system returning towards 
a state of equilibrium from where the 
system has been moved from.
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Fig. 11

Fig. 12

Fig. 13
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)!"%2"&#0"$321/"$#!%'#'"#+180#$)(/1-1)<#
18#52%$)!")13#0"413"$# CD1;$9#U#(80#U(F6#
'!"2"# )!"# 52%$)!")13# 2"!(/1-1)()1%8#
%+# )!"# (23!"$# 1$# 3%&5%$"0# %+# 4(21%,$#
&")(--13#(80#8%8.&")(--13#&()"21(-$9#J8#
)!1$#0"413"6# 180,$)21(--<#&(8,+(3),2"0#
&")(-# 3%88"3)%2$# (2"# /%80"0# )%# (#
7123%81(# +2(&"'%2=# 3%4"2"0# '1)!#
+"-0$5()!13#3"2(&13#CD1;$9#EQ#(80#EEF9#

a2%$)!")13# 2"!(/1-1)()1%8$# (2"#
3%&5-"># 0<8(&13# $<$)"&$# )!()# (3)#
'1)!18#%,2#%2(-#3(41)<#(80#(2"#&%4"0#/<#
)!"#"-"4()18;#(80#-%'"218;#&,$3-"$#%+#
)!"#)%8;,"6#3!""=$6#")39#R(;2(8;"#(80#
@1213!-")#52%5%$"0#(#)!"%2"&6#8%)#+%2#
0"8)(-#,$"6#/,)#)%#&(="#"4"2<)!18;#)!()#
'($#$"-+.52%5"--"0#'%2=#/"$)#)!2%,;!#2(1-#
$<$)"&$#&(0"#%+#&,-)15-"#&"3!(813(-#
5(2)$L# '%%06# &")(-6# '!""-$6# &%)%2$6#
(--# 3%&5-"># $<$)"&$# )!()# !(0# )%# !(4"#
$)(/1-1)<#18#)!"12#3%&5-">1)<6#2"(-1718;#(#
$)(/-"#&"3!(813(-# "G,1-1/21,&# $<$)"&#
C)!"# &()!"&()131(8# (80# 5!<$131$)#
Re(5,8%4#(-$%#0"+18"$#(#$3(-(2#+,83)1%8#
,$"0#)%#$),0<#)!"#$)(/1-1)<#%+#(#5%18)#18#
"G,1-1/21,&#18#(#0<8(&13# $<$)"&#)!()#
+1)$# )!"#$)(/1-1)<# 18# )!"#"G,1-1/21,&#%+#
(#3%&5-">#0<8(&13#$<$)"&#$,3!#($#)!"#
!%--%'.%2(-#2"!(/1-1)()"0#'1)!#52%$)!")13#
0"413"$F9

A)(/1-1)<#2"+"2$#)%#)!"#)"80"83<#%+#(#
$<$)"&#)%#2"),28#)%'(20#)!"#"G,1-1/21,&#
$)()"#+2%&#'!13!#1)#!(0#/""8#2"&%4"0#
/<#(#5"2),2/()1%8#(80#1$#(#+,80(&"8)(-#
3%83"5)# %+# 5!<$13$# +,--<# (55-13(/-"# )%#
%,2#(8(-%;#(80#01;1)(-#3%8)2%-#$<$)"&$9#
J8#)!"#01(;2(&#CD1;9#U(F6#)!"#R(;2(8;"#
.# @1213!-")# )!"%2"&# 1$# $3!"&()13(--<#
1--,$)2()"0L# $)(/1-1)<# 1$# '1)!18# (# 2(8;"#
'"# 3(8# 3%8)2%-9#[,)$10"# )!1$# $)(/1-1)<#
2(8;"6#4(21%,$# 183%84"81"83"$#$,3!#($#
32(3=$6#+2(3),2"$6#(80#">+%-1()1%8#&,$)#
/"#$)213)-<#(4%10"09#J8#0"8)(-#)"3!8%-%;<6#
&")(--13#(80#8%8.&")(--13#&()"21(-$#(2"#
,)1-17"09#B,22"8)-<6#(&%8;#8%8.&")(--13#
&()"21(-$6# 7123%81(6#(#/1%18"2)#3"2(&13#
&()"21(-6#!($#)(="8#%4"29
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!(208"$$6# !1;!# &"-)18;# )"&5"2(),2"#
(80# -%'# )!"2&(-# 3%80,3)141)<# '1)!#
/1%&"3!(813(-# (55-13()1%8$# 18#
%2)!%5"013$# (80# 0"8)1$)2<# CD1;$9# EH#
(80#EIF9#Y&"213(8#f()1%8(-#A)(80(20#
J8$)1),)"6# (8# (332"01)"0# 2"$"(23!# (80#
4(-10()1%8#3"8)2"6#">5-(18$#18#0")(1-#'!<#
7123%81(#'($#&(8,+(3),2"0#CD1;9#EI(F9

g123%81(# 1$# (# !")"2%;"8"%,$#
5%-<32<$)(--18"# 3"2(&13# '1)!# !1;!#
&"3!(813(-# $)2"8;)!9# J)$# 5!<$13(-# (80#
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Fig. 13a

Fig. 13b

Fig. 14

0("()1&',!1&$2(3,4$'1&($#-
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HX^Qh#(80#HITQhF6#)")2(;%8(-#CHITQh#)%#
EETQhF#(80#&%8%3-1813#CEETQh#)%#2%%&#
)"&5"2(),2"F9#P(3!#%+#)!"$"#(--%)2%513#
$)(;"$# !($# 01++"2"8)# &"3!(813(-# (80#
5!<$13(-#3!(2(3)"21$)13$9

Fig. 14a

Fig. 16

Fig. 18

Fig. 15 Fig. 17

[,2# 18012"3)# 2"$)%2()1%8$# (2"#
;"8"2(--<# &%2"# &(0"# 18# )!"# +%2&#
<))21,&.$)(/1-17"0# )")2(;%8(-# Ci.:gaF9#
J8# )!"# 52"$"83"# %+# &"3!(813(-6#
)!"2&(-6#%2#3%&/18"0#$)2"$$"$6#(#5!($"#
)2(8$+%2&()1%8# )%# )!"# &%8%3-1813#

+%2&# 3(8#%33,2#'1)!# (# K.Wj# 1832"($"#
18# 32<$)(-# 4%-,&"# (80# )!"# +%2&()1%8#
%+# 18)"28(-# $)2"$$"$# %+# (# 3%&52"$$14"#
8(),2"9#J8#52%$)!")13#0"413"$6#)!1$#($5"3)#
1$#(8#(04(8)(;"#/"3(,$"#1)#-"(0$#)%#*$"-+.
2"5(12*#%+#)!"#7123%81(#/<#/-%3=18;#)!"#

5)$#"6,7-,8(6('$#
two worlds to cross, to understand, and to relate to each other

Art work by Fiorenzo Bacci – www.fi orenzobacci.it

SD-V21N8-Oct2022-final.indd   34 2022-10-04   10:48 AM



w
w

w
.p

a
lm

e
rim

e
d
ia

g
ro

u
p
.c

o
m

%)

52%5(;()1%8# %+# (8<# &132%.32(3=$6# (8#
">(&5-"#%+# )!"# $)(/1-1)<#%+# (#0<8(&13#
$<$)"&9#a!($"#)2(8$1)1%8#3(8#(-$%#%33,2#
()# 2%%&# )"&5"2(),2"# 18# )!"# 52"$"83"#
%+# &%1$),2"6# 3(,$18;# 122"4"2$1/-"#
0")"21%2()1%8# %+# 7123%81(# 52%5"2)1"$9#
J80,$)21"$# (2"# ;"(2"0# )%# &(8(;"# %2#
2")(20#'1)!#01++"2"8)#)<5"$#%+#*$)(/1-17"2$*#
)!1$#(;18;#52%3"$$9

:!"# 0"4"-%5&"8)# %+# 7123%81,&#
%>10"./($"0#)"8(31%,$#/1%18"2)#3"2(&13$#
(1&$# )%# 52%0,3"# &()"21(-$# )%# %/)(18#
&132%.#(80#&(32%.$)2,3),2"$#3(5(/-"#%+#
;1418;# )!"&# $,5"21%2#&"3!(813(-# (80#
)21/%-%;13(-#52%5"2)1"$# 3%&5(2"0#'1)!#
)!%$"#,$"0#(#+"'#0"3(0"$#(;%#CD1;$9#EI/#
(80#EKF9#?!()#!($#/""8#0"$321/"0#/"+%2"#

&(="$#1)#5%$$1/-"#)%#&(8(;"#&")!%0$6#
&()"21(-$6# (80# )"3!81G,"$# )!()# (2"#
1801$5"8$(/-"#:%0(<#18#)!"#3%%2018()"0#
&(8(;"&"8)# %+# 01;1)(-# BY@.BY\#
)"3!8%-%;1"$6#&(=18;#1)#5%$$1/-"#)%#&%4"#
+2%&#)!"#&")($)(/1-1)<#%+#)!"#7123%81(#)%#
)!"#$)(/1-1)<#%+#)!"#52%$)!")13#0"413"#($#(#
'!%-"#3-1813(--<#(80#)"3!813(--<9

g123%81(# &1--18;# 3(8# )(="# 5-(3"#
18#)!"#*$%+)*#%2# *!(20*# +%2&6#)!"#&%$)#
'10"-<#,$"0#/"18;#)!"#*$%+)*#+%2&6#($#1)#
1$#&(8(;"(/-"#/<#)!"#,$,(-#BY@.BY\#
&1--18;# &(3!18"$# (4(1-(/-"# 18# 0"8)(-#
-(/%2()%21"$9# A)()".%+.)!".(2)# 01$5%$"0#
%+#(8(-%;#(80#01;1)(-#$<$)"&$9#Y8(-%;#1$#
;%4"28"0#/<#%,2#/2(18$#C(-;%21)!&#(3)18;#
)!2%,;!#!,&(8#=8%'-"0;"6#$"8$1)141)<#

(80# &(8,(-# 0">)"21)<F6# '!1-"# 01;1)(-#
0"-";()"$#0"$1;8#(80#">"3,)14"#5!($"$#
)%# )!"# &()!"&()13(-# &(8(;"&"8)# %+#
$5"31(-# 52%;2(&$# )!()# ;%4"28# BY@# .#
BY\#&(3!18"$9

A183"#%,2#52%+"$$1%8#1$#3(--"0#,5%8#
)%# &(="# *,81G,"# %8".%++# 51"3"$6*#
)!"# 3%&/18"0# (8(-%;# (80# 01;1)(-#
(22(8;"&"8)# "8(/-"#,$# )%# (33%&5-1$!#
'!()#1$#0"$321/"0#/"-%'L

Y8(-%;M@1;1)(-L# )'%# )"2&$6# )'%#
'%2-0$6#)%#32%$$#18)"25"8")2()"6#5,)#18#
2"-()1%89#CD1;9#EK(F9

P$)(/-1$!"0# )2(01)1%8(-# (8(-%;#
=8%'-"0;"# 3%,5-"0# '1)!# 01;1)(-#

Fig. 19

Fig. 20

Fig. 18a Volumetric Calibration  Translumination  +  L&D Theorem

Advantages of a pre-planned maintenance based on the vibrations are evident and numerous

Level one Diagnostic 
Technique
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(/2($14"6# (0!"$14"# (80# "2%$14"# '"(2#
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">3"--"8)# )21/%-%;13(-# 52%5"2)1"$6#
19"96# '"(2# 2"$1$)(83"# CD1;9# EI/F9# Y$#
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(/2($14"#3,))"2$#'1)!#$3(-"0#;2(18#
$17"F

I9# a%-1$!"0#'1)!#2,//"2$
K9# @1(&%80#5%-1$!"0#'1)!#+"-)$#(80#

01(&%80#5($)"$

[,2# 0"413"$# $!%,-0# 52"$"8)#
)!"&$"-4"$# '1)!# (8# ">3"--"8)# G,(-1)<#
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'1--# ;14"# )!"# 52%$)!")13# 0"413"# (# 4"2<#
-%'#(/2($14"8"$$#*)21/%-%;13(-#3(5(31)<*#
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(80#3,/136# 3%83"2818;# )!"#,$,(-#;-($$#
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)!"12#(/2($14"#3(5(31)<#%4"2#)1&"6#'!1-"#
)!1$#1$#8%)#)!"#3($"#'1)!#&()"21(-$#&(0"#
%+#5%-<32<$)(--18"#7123%81(#CD1;9#E^(F9

J)#1$#'"--#=8%'8#!%'#)!"#3%"++131"8)#
%+# +213)1%8M(/2($1%86# '1)!# 3-1813(-#
)"$)$# %8# 8(),2(-# 0"8)1)1%8# %55%$"0M
(8)(;%81$)13#)%#7123%81(#+2(&"'%2=$#%2#
%)!"2#5%23"-(18$6#0"5%$"$#18#+(4%,2#%+#
5%-<32<$)(--18"#7123%81(#/%)!#02<#(80#'")#
/<#$(-14(9

Y/%,)# /1%18"2)# 3"2(&13# &()"21(-$#
$,3!# ($# 7123%81(6# '!()# !($# /""8#
0"$321/"0# (--%'$# )!"# 3%&/18"0# ,$"#
%+# 18+%2&()1%8# +2%&# 18)2(%2(-# %5)13(-#
2"(0"2$# (80# ">)2(%2(-# (04(83"0# +(31(-#
(8(-<$1$#$<$)"&$#)%#(3!1"4"#(#/(-(83"#%+#
1801410,(-#!(2&%813#18)";2()1%89#

B-1813(-# 52%3"0,2"$# (80# (8(-%;.
01;1)(-# )"3!81G,"$# (--%'# )!"# +1;,2"$b#
2"$,-)$#)%#/"#%/)(18"0#'1)!#&")!%0$#)!()#
,$"#'!()#1$#0"$321/"0#/<#)!"#R(;2(8;".
@1213!-")# )!"%2"&6# '!13!# '"# '1--#
(8(-<7"9#Y;(18#'1)!18#$(10#)!"%2"&6#(#
+,80(&"8)(-#($5"3)#%+#)!"$"#&()"21(-$#1$#
)%#=""5#)!"#5"2),2/()1%8$#*18#(#=8%'8#

Fig. 21

Fig. 22

Fig. 23

Fig. 24
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01++"2"8)# 0"8)(-# "-"&"8)$# 3(8# /"#
">)2,0"0#/<#&1--18;6#+2%&#$18;-"#)"")!#)%#
/210;"$#,5#)%#"8)12"#(23!"$9#A,3!#'(+"2$#
3(8#/"#&1--"0#$"4"2(-# )1&"$#,8)1-# )!"<#
(2"#+,--<#,)1-17"09#@,218;#)!"$"#52%3"$$"$6#
'"#'1--#!(4"#'(+"2$#'1)!# )!"#52"$"83"#
%+#"&5)<#(2"($#(80#*;(5$9*#A,3!#'(+"2$6#
,8-1="#)!"12# 181)1(-#$)()"6#'1--#01$$15()"#
41/2()1%8$#,83%8)2%--(/-<9#:%#(4%10#)!1$#
52%/-"&6#J#!(4"#/""8#52"5(218;#'(+"2$#
'1)!# (552%521()"# 41/2()1%8# 0(&5"2$#
52%5"2-<# 3(--"0#A!%3=#Y/$%2/"2$# CD1;9#
HEF9

A!%3=#Y/$%2/"2$#(2"#0"413"$#0"$1;8"0#
)%#(/$%2/#(80#0(&5"8#$!%3=#1&5,-$"$9#
:!"<#0%#)!1$#/<#3%84"2)18;#)!"#=18")13#
"8"2;<#%+#)!"#A!%3=#18)%#(8%)!"2#+%2&#
%+# "8"2;<# C)<513(--<# !"()F# )!()# 1$# )!"8#
01$$15()"09#\%$)# $!%3=# (/$%2/"2$# (2"#
*(#+%2&#%+#0($!5%)6*#)!()#1$6#(#0(&5"2#
)!()#2"$1$)$#&%)1%8#/<#41$3%,$#+213)1%89#Y#
0(&5"0#'(4"#1$#(#'(4"#'!%$"#(&5-1),0"#
%+#%$31--()1%8#0"32"($"$#%4"2#)1&"6#;%18;#
)%#7"2%#'1)!#(8#">5%8"8)1(-#$18,$%10(-#
0"3%&5%$1)1%8N#1)#1$#(8#%$31--()18;#$18"#
'(4"#18#'!13!#)!"#(&5-1),0"#%+#)!"#5"(=#
0"32"($"$#+2%&#(8#181)1(-#&(>1&,&#)%#
7"2%#()#(8#">5%8"8)1(-#2()"9

Y8# (0(5)14"# /($"# 1$%-()1%8# $<$)"&#
183-,0"$# (# !"()# $18=6# 18# %,2# 3($"#
2"$18%,$6# 0"$1;8"0# )%# &181&17"# )!"#
41/2()1%8#)2(8$+"22"0#0,218;#)!"#BY\#

Fig. 25

Fig. 26

Fig. 27

Fig. 28

Vibrations are mechanical 
oscillations around an equilibrium 

point. Their unit of measure is 
the "hertz” which indicates the 

frequency of periodic oscillations 
in a single second.

In recent years a diff erent and very 
advanced technology has been 
developed, which is based on MEMS 
sensors. Accelerometers equipped with 

Rotating machines are divided into various categories (see 
ISO 2372)

The "overall RMS" level represents the overall vibratory 
energy in a certain range of frequency

The ratio of average from peak 
to peak to-peak and rms level 
depends on the type of signal
Crest factor = peak level / rms level

• The central frequency of the 
fi lters is proportional to the 
rotation frequency

• The simultaneous acquisition 
of the tachimetric and 
vibration signalsare essential

• As the rotational speed changes it is possible to measure 
the level of the corresponding harmonics ( orders)

this technology such as the “fast 
tracer” are today one of the most 
important innovations in the fi eld of 
nanotechnology. And these sensors 
are already widely used in airbags, 
electrical appliances, fi eld transducers, 
cell phones, video game consoles etc.
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Fig. 29

Fig. 30

Fig. 31
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Vibrations and their 
measurement
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5(0$#CD1;$9#EQ#(80#HIF6#(#2"(01-<#(4(1-(/-"#
(04(83"0# )"3!8%-%;<# '1)!# 4"2<# !1;!#
41/2()1%8.(/$%2/18;#3(5(31)<9#:!"#+1;,2"#
$!%'$# )!"#&1--18;# /<# !(80.+2""# !(80#
&1--18;#'1)!%,)#)!"#$1-13%8"#;"-#!"()$18=#

Fundamental frequency =60HZ

• The analysis spectral is normalized in respect to the 
rotational frequency of the principal dispositivo
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Fig. 32

(80# 3%8)2%--"0# &1--18;# ,$18;# )!"#
$1-13%8"#;"-#!"()$18=N#8%)"#)!"#01++"2"8)#
(&5-1),0"#%+#)!"#'(4"$#2"3%20"0#/<#)!"#
51"7%"-"3)213# 41/2%&")"2# )2(8$0,3"29#
:!"#$,/$"G,"8)#5%$).$18)"218;#+181$!18;#
$)(;"$# 184%-4"# 2%)(2<# 3,))"2$# )!()#
*18"41)(/-<*# 52%0,3"# )!"#!(2&+,-# (80#
0(8;"2%,$#5!"8%&"8%8#%+#41/2()1%8$6#
19"96# 180,3"0# &"3!(813(-# %$31--()1%8$#
CA""#5!%)%F9

\<# $<$)"&()13$# 184%-4"$# )!"# ,$"6#
"4"8# ()# )!1$# $)(;"6# %+# ,81G,"# (80#
1801410,(-# 41/2()1%8# 01$$15()%2$#&(0"#
%+#)'%.3%&5%8"8)#$1-13%8"#%+#&"01,&#
TWM^W#A!%2"#!(208"$$6#(#&,-)1.5,25%$"#
&()"21(-# ,$"0# 18# )!"# -(/%2()%2<# +%2#
4(21%,$# (55-13()1%8$9# :!"# %/)(18"0#
2"$,-)$# %+# 01$$15()1%8# %+# !(2&+,-#
41/2()1%8$#(2"#"410"8)#'!"8#&"($,2"0#
'1)!# )!"# 5(2)13,-(2# 18$)2,&"8)$#
0"$321/"0#(80#(2"#(-$%#3-"(2-<#5"23"14"0#
/<#)!"#$"8$1)141)<#%+#%,2#+18;"2$#CD1;$9#HX#
)%#HUF9

?1)!#'!()#!($#/""8#0"$321/"06#'"#
3(8#2%,)18"-<#%/)(18#52%$)!")13#0"413"$#
%+# ;%%0# %5)13(-.-,&18%,$# G,(-1)<# +2""#
%+# $)2,3),2(-# 1&5"2+"3)1%8$9# @"413"$#
)!()#3(8#">5-%1)#)!"12#">3"--"8)#5!<$13(-.
&"3!(813(-# 2"$1$)(83"# )%# (/2($1%86#
3%&52"$$14"# (80# +-">,2(-# $)2"8;)!9#
@"413"$# )!()6# )!(8=$# )%# )!"# ,$"# %+#
Q9I#&&6#Q9W#&&6#(80#E#&&#;2(0,(-#
)!13=8"$$"$# (0"G,()"-<# 0"$1;8"0# (80#
+(/213()"06#;14"#)!"#5%$$1/1-1)<#)%#+18(-17"#
/<#(#-(<"218;#%+#;-($$.3"2(&13#)!"#7123%81(#
$)2,3),2"9

:!"#5!<$13(-1)<#%+#)!"#g2[H#$)2,3),2"#
1$#">5-%1)"0#)%#"8$,2"#)!"#52%)"3)1%8#%+#
)!"#;-($$.3"2(&13#0,218;#(--#+,83)1%8(-#
5()!$6#%+#52%)2,$14"6#3(818"#;,10(83"6#
21;!)#(80#-"+)#-()"2(-1)<6#;%18;#)%#+18(-17"#
)!"#0"413"$#/<#3%&5-")18;#)!"#$!(5"$#(80#
-(<"218;#'1)!#$5"31+13#;-($$.3"2(&13$#'1)!#
!1;!#("$)!")13#4(-,"9#A!%'8#(2"# $%&"#
0")(1-$#%+#)!"#+"-0$5()!13#;-($$.3"2(&13$6#
&(0"#18#3%8e,83)1%8#'1)!#5%-<32<$)(--18"#
7123%81(9# :!"# *)2(8$1--,&18()1%8#
)!2%,;!.-1;!)# )"$)*# CD1;9# H^F# (--%'$# ,$#
)%#4"21+<# )!"#2"-()1%8$!15#/")'""8#)!"#
&($$"$# %+# ("$)!")13# 4"8""2# (80# )!"#
7123%81(#$,/$)2,3),2"6#01++"2"8)#&()"21(-$#
18# 01++"2"8)# 5%2)1%8$# (80# (8()%&1"$#
%5)1&(--<#18)";2()"09#D,2)!"2&%2"6#$%&"#
*0""5*#-(<"218;#(22(8;"&"8)$#/($"0#%8#
$5"31+13#-('$#%+#%5)13(-#5!<$13$#(--%'#,$#
)%#%/)(18#)!2%,;!#0"+18"0#5(2(&")"2$#
%+#2"+2(3)1%86#2"+-"3)1%8#(80#(/$%25)1%8#
2"$,-)$#4"2<#$1&1-(2#)%#8(),2(-#)"")!#+%2#
8(),2(-.-%%=18;# 18)";2()1%8# "4"8# 18#
3%&5-">#0"8)%.$="-")(-#$)2,3),2"$9

Conclusion

J8# )!1$#&%8%;2(5!6# '"# !(4"# )21"0# )%#
"&5!($17"#)!"#1&5%2)(83"#%+#+-(8=18;#
)!"#8"3"$$(2<#(2)1$)13.32"()14"#=8%'-"0;"#
(80#$=1--$# CD1;9#IQF#'1)!#)!"#3!"&13(-.
5!<$13(-# (80#&"3!(813(-# ,$"# $=1--$# %+#
)!"# &()"21(-$# ,$"06# $)2"$$18;# !%'6# ()#
"(3!# $)(;"6# '"#&,$)# 5(<# ())"8)1%8# )%#
$)2,3),2(-#$)2"$$"$9

m"<#$)"5$#(2"#&1--18;6#+181$!18;#(80#
5%-1$!18;6#'!13!#&,$)# /"# 3(221"0# %,)#

(80#3%8)2%--"0#'1)!#)!"#!"-5#%+#$5"31(-#
41/2()1%8#(/$%2/"2$9#S%)!#18#)!"#BY\#
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)!"#,$"#%+#$,1)(/-"#)%%-$6#$%&"#$)(80(206#
&(0"#%+#$1-13%8"#;"-6#%)!"2$#1801410,(--<#
&(0"#'1)!#3,$)%&(2<#-(/%2()%2<#$1-13%8"#
()#TWM^W#A!%2"9

?!()# !($# /""8# 0"$321/"0#
,80"2$3%2"$# !%'# )!"# !,&(8# ($5"3)#
%+# 52%$)!")13# 0"8)1$)2<# 1$# 18"$3(5(/-"#
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(80# ,82"5"()(/-"N# '"# !(4"# )21"0# )%#
(2;,"#!%'#)!"<#(2"#&(0"#'1)!#$31"8)1+13#
=8%'-"0;"# (80# (2)1$)13# $"8$1)141)<6# ($#
)!1$#1$#)!"#/"(,)<#%+#/"18;#3(--"0#,5%8#
)%#2"$)%2"#'!()#)!"#5()1"8)#8""0$9

D1;,2"# IH# $!%'$# (# 5()1"8)# '1)!#
%,)3%&"$# %+# 3!"1-%;8()%5(-()%$3!1$1$9#
B!"1-%;8()%5(-()%$3!1$1$# C5(2)1(-# %2#
3%&5-")"F# 2"$,-)$# +2%&# 01$%20"2$# %+#
"&/2<%813#0"4"-%5&"8)9#:!1$#-(3"2()1%8#
&(<# 184%-4"# %8-<# )!"# -156# )!"#&(>1--(#
'1)!#)!"#-15#%2#)!"#-156#&(>1--(#(80#5(-()"#
C2(2"-<#%8-<# )!"#5(-()"F9#:!"#3(,$"$#%+#
)!1$# -(3"2()1%8# 3(8# /"# "80%;"8%,$#
C3%8;"81)(-F# %2# ">%;"8%,$# C"9;96# 412(-#
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,81-()"2(-#(80#/1-()"2(-#)"(2$9#:2"()&"8)#
%+#3!"1-%;8()%5(-()%$3!1$1$#2"G,12"$6#($#
(# 2,-"6# )!"# $<8"2;1$)13# 3%.5(2)1315()1%8#
%+#%2)!%0%8)13.$,2;13(-# )2"()&"8)#(80#
&%$)-<# )(="$# 5-(3"# '1)!18# $5"31(-17"0#
+(31-1)1"$#C$5"31(-17"0#3-1813$6#,814"2$1)<#
3-1813$F9#?"#+18(-17"0#)!"#3%&5-">#3($"#
18# )!"# 1&(;"# 18# g123%MB"2(&13# gaA#
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