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mchanical   Vibrations OP Shiphoard Equipment (Type I - Environmental and  Type II - 
NIG§TU-lG7-1 (§IlIr§) 
Internally Excited) 

Command. 
1. Standard was approved 1 Nay 1974 for use  by the Naval Ship Systeme 

Naval Ship Engineering  Center, Department of the Navy, Center  Building,  Prince  George's 
Center, I lya t t sv i l l c ,  Maryland 20782. 

2. Roeomendad corrcxt ions ,   addi t ions ,  or de le t ions  sliould be addressed to Commander, 
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equipment  including machinery.. 
The purpose of t h i s   s t a n d a r d  is to  e s t ab l i sh   r equ i r emen t s  for vi i r ra t ions  of Plaval 

found t o  s a t i s f a c t o r i l y   p e r f o r m  its functions  aboard  ship: 
Shiphoard  equipment  which  conforms to   t he   r equ i r emen t s   o f  HIL-STD-lG7 is qenera l ly  

t h e  shock requirements  of MIL-S-301 wi th  little d i f f i c u l t y .  
Equipment   designed  and  tes ted  in   accordance w i t h  type I of :lIL-STD-167 qene ra l ly   pas ses  

t o  expe r i ence   f a i lu re s   i nduced  by v i b r a t i o n   i n   s h i p b o a r d   s e r v i c e .  
Equipment €or which  compliance  with PlIL-STD-167 is n o t   s p e c i f i e d  or i s  waived i s  l i k e l y  

iii 
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tlIL-STD-167-1(SHIPS) 
1 Nay 1974 

1. SCOPE 

1.1 Scope. This   s tandard  covers   the  requirements   of   Naval   equipment   including 
machinery as r e g a r d s   b o t h   i n t e r n a l l y   e x c i t e d   v i b r a t i o n s   a n d   e x t e r n a l l y  imposed v i b r a t i o n s .  

items, and   cer ta in   un ique   des igns  it may b e   n e c e s s a r y   t o   d e v i a t e  from t h i s   s t a n d a r d .   I n  
I n  some special   machinery,   equipment,  or i n s t a l l a t i o n s ,   s u c h  as antennas,   large  machinery 

t h o s e   c a s e s ,   s p e c i a l   m o d i f i c a t i o n s   s h a l l   b e   s u b j e c t  t o  approval  by t h e  command or   agency  
concerned. A l l  o t h e r   d e v i a t i o n s  from, o r  waivers of t h i s   s t a n d a r d ,   a r e   p r o h i b i t e d .  

1.2  Purpose. The p u r p o s e s   o f   t h i s   s t a n d a r d   a r e   t o   a i d  i n  the   choice   o f   and   ensure  
c o n s i s t e n c y b r a t i o n  requirements  for  equipment.  The command o r  agency  concerned  should 
require  conformance  only t o  those   s ec t ions '   o f   t h i s   s t anda rd   app l i cab le   t o   t he   equ ipmen t  

equipment   would  normally  only  refer   to   type I,  wh i l e   t hose   fo r  a d i e se l   p ropu l s ion   sys t em 
concerned i n  a pa r t i cu la r   p rocuremen t  document. ror example ,   spec i f i ca t ions   fo r  electronic 

would also r e f e r  t o  types  III, I V ,  and V of  MIL-STD-167-2. 

1 .3   Class i f ica t ion .   Mechanica l   v ibra t ions   o f   sh ipboard   equipment   a re  of t h r e e   g e n e r a l  
c a t e g o r i e s :  (a) those   o f   the   envi ronment ,   (b)   those   a r i s ing  from i n t e r n a l  e x c i t a t i o n  
(ba lance) ,   and  (c) those   a s soc ia t ed   w i th   r ec ip roca t ing   mach ine ry  and  propulsion  system  and 
shaf t ing .   Category  (c) is covered   in  HIL-STD-167-2. Categor ies  (a)  and  (b)   are   covered 
herein  and are c l a s s i f i ed   unde r   t he   fo l lowing   t ypes :  

Type I - Envi ronmen ta l   v ib ra t ion .   Th i s   t ype   app l i e s   t o  a l l  equipment  intended  for 
shipboard  use or which  must   be  capable   of   withstanding  the  environmental  

Type II - I n t e r n a l 1   e x c i t e d   v i b r a t i o n .   T h i s   t y p e   a p p l i e s  t o  a l l  r o t a t i n g  machin- 
v ib ra t ion   cond i t ions  which may be  encountered  aboard  naval  ships.  

4 m e r a t e  smooth ly   f rom  the   s tandpoin t   o f   mechanica l   su i t -  
a b i l i t y .   T h i s   d o e s  n o t  apply t o  s u i t a b i l i t y   f r o m  a no i se   s t andpo in t  
nor  does it apply t o  reciprocat ing  machinery.  

2. REFERËNCED  DOCUMENTS 

2.1 The i s s u e s   o f   t h e   f o l l o w i n g   d o c u m e n t s   i n   e f f e c t  on 
form a p a r t   o f   t h i s   s t a n d a r d  t o  t h e   e x t e n t   s p e c i f i e d   h e r e i n .  

SPECIFICATIONS 

GOVERNMENTAL 

MILITARY 
MIL-P-15024 - P l a t e s ,  Tags  and  Bands f o r  
MIL-P-15024/5 - P l a t e s ,   I d e n t i f i c a t i o n .  
MIL-M-17185 - Mounts, Res i l ien t ;   Genera l  

(Shipboard  Application).  

t h e   d a t e   o f   i n v i t a t i o n   f o r   b i d s  

I d e n t i f i c a t i o n  of Equipment. 

Spec i f i ca t ions   and  Tests f o r  

i n  connect ion  with  specif ic   procurement   funct ions  shöuld  be  obtained  f rom  the  procuring 
a c t i v i t y   o r  as d i r e c t e d  by t h e   c o n t r a c t i n g   o f f i c e r . )  

(Copies of spec i f ica t ions ,   s tandard ,   d rawings ,   and   publ ica t ions   requi red  by s u p p l i e r s  

3 .  DEFINITIONS 

3.1  Defini t ions.   For   the  purpose of t h i s   s t a n d a r d ,   t h e   f o l l o w i n g   d e f i n i t i o n s   s h a l l  
apply: 

amnlitude is t e maxlmum anoular   disulacement   of  simple tors ional   harmonic motion from t h e  
3.1.1 

Amglitude,   angular  vibratory  displacement.  
Angular   vibratory displacement  

posit ion of rest. It i s  expressed i n  degrees  o r  rad ians ,  

maximum d i s p h o f  simple  : inear  harmonic  motion  from  the  posit ion  of rest. This  i s  
also r e f e r r e d  t o  as s ingle   ampl i tude .  I t  is expres sed   i n   i nches   o r  m i l s  (0.001  inch).  

is checked a d c e s s a r y ,  a d j u s t e d   i n   o r d e r   t o   e n s u r e   t h a t -   t h e   v i b r a t i o n   o f   t h e   j o u r n a l s  
or f o r c e s   o n   t h e   b e a r i n g s ,   o r   b o t h ,  a t  a frequency  corresponding t o  ope ra t iona l   speed  are 
w i t h i n   s p e c i f i e d  limits. 

3.1.2 Am l i tude,   v ibrator   displacement .   Vibratory  displacement   ampli tu_de i s  t h e  

3.1.3  Balancin . Balancing is a procedure hy which t h e  mass d i s t r i b u t i o n   o f  a r o t o r  

1 
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seduro by whic1 t e mad4 d ï s t r i b u t i o n   o f  a r i g i d  rotor is a d l u s t e d   i n  order to  ensure   t l t a t  

on ly   one   p lane .  (Ilote: Sinrtlc-plane  balancing  can he done  on a p a i r   o f   k n i f e  edges w i t h -  
tilo r e s i d u a l  s tatie unbaloncc is t r i t h i n   s p e c i f i e d  limits and which r e q u i r e s   c o r r e c t i o n   i n  

ouf: r o t a t i o n  of the rotor b u t  is no:z more usua l ly   done   on   cen t r i fuga l   ba l anc ing   mach ines , )  

3 .1 .3 '1   Balanc in   s ing le-p lane   ( s ta t ic ) .   S inglc-v lane  (static1 ba lanc ing  is a pro- l+: 

bu which tÏ.b m d i b & a  r i g i d  rotor is a d j u s t e d  i n  order to  ensure  t h a t  the 
3.1.3.2  Dalancin , tvo-  lane  (dynamic).  Two-plane  (dynamic)  balancing is a procedure 

r e a i d u a l   u n b a l a n c e   i n  trro s p e c i f i e d   p l i n e s  is w i t h i n  specified limits. 

f l e x i b l e   r o t o r d t o - i n g  procedure that  requires unba lance   co r rec t ion   i n  more 
t h a n  two a x i a l l y   s e p a r a t e d   C o r r e c t i o n   p l a n e s .  

3.1.3.3 Balancin , nu l t i -   l ane .   Hu l t i -p l ane   ba l anc ing  as a p p l i e d  t o  t h e  ba lanc ing  of 

oscillating EjEEe- r e t a l n o  as c l o s e l y  ao   poss ib l e  tile ctynamic crlaracteristics of the 
3.1.4 Mass elastie systerx. The mas5 e l a s t i c   s y s t e m  i s  d e f i n e d  ao the e q u i v a l e n t  

ac tua l   sys tem.  T h i s  e q u i v a l e n t   s y s t e n   c o n s i s t s   o f  a series of   nasses   and moments of i n e r t i a  
i n t e r c o n n e c t e d  by l i n e a r l y   a n d   t o r s i o n a l l y   f l e x i b l e   e l e m e n t s .   A u x i l i a r y   d r i v e   e l e m e n t s  
ouch au GímShaft6,  punps,  and blowers a r e  as much a p a r t  of the n a s s   c l a s t i c   s y s t e m  as a r e  
t h e   s h a f t i n g ,   c o u p l m g s ,   a n d  masses of the main dr iva   e le r rcn ts .  

d i s f r i h u t i o n o f a r o t o r  is a d j u s t e d  t o  reduce  unbalance,  or vi l j ra t ion  due t o  unbalance, to  
a n   n e s e p t a b l e   v a l u e .   C o r r e c t i o n s   a r e   u s u a l l y  nade by add ing   ma te r i a l   t o ,  or renovinq i t  
from, the rotor. 

na tu ra l   f roqüëEEy   ana   r e l a t ive   anp l i tude   cu rve .  

3.1.5 Bfethod o€ c o r r e c t i o n .  A ne thod   o f   co r rec t ion  i s  a procedure  whereby the mass 

3.1.6 Uodo. IKde i s  the  rianner or p a t t e r n  of v ib ra t ion   and  is described by its 

3.1.7 m. A node is a p o i n t  of ze ro   v ib ra to ry   anp l i tude .  

3.1.0 Order.  Order is t h o  number of c y c l e s  of v ib ra t ion   occu r r ing   du r ing   each  
r e v o l u t i o n  O E T K Z  r e f e r e n c e   s h a f t .  

of a rotor i n c h  correction €or unbalance is nade. 
3.1.9 P lane ,   co r rec t ion .  A c o r r e c t i o n   p l a n e   i o  a p l ano   t r ansve r se  to  the s h a f t  a x i s  

i n  wh ich   t he   moun t  ancl ang e o€ unbalance is determined. 

oyatem for pu- o h a m  is cons idered  t o  tte  from 0 t o  115   percent  of  d e s i g n   f u l l  
pewar s h a f t  r.p.m. 

houever small, i n   t h o   f r e q u e n c y  of e x c i t a t i o n   c a u s e s  a decrease i n  the response of t h e  
system. (A resonance nay o c c u r   i n   a n   i n t e r n a l   p a r t   o f  the equipment, w i t h  no  outward  mani- 
f o o t a t i o n ,   i n   w h i c h  case, i f  tire equipment is e lectr ical  or e l e c t r o n i c ,  t h e  resonance may be 
da tee t cd   by   obse rv ing  some o u t p u t   f u n c t i o n   o f  t h e  equipment,  such ao vol tage  or cur ren t . )  

3.1.10 P lane ,   measu r iy .  A measuring  plane is a p l ane   t r ansve r se  t o  the shaft  a x i s  

3.1.11  Ranqe, o e r a t i n q  speed. The  opera t ing   speed   range  af a s h i p ' s  main  propulsion 

3.1.12 R€?sOni~ntX?. Resonance of a sys t em  in  forced o s c i l l a t i o n   e x i s t s  when any  change, 

of a mass elastic system, 
3.1.13 Stress, v i b r a t o r y ,   V i b r a t o r y  stress is that stress induced by the v i b r a t i o n  

p lano  OE c o r r e c t i o n   p l a n e )  i s  t h a t  amount of unbalance which is specified as t h e  naximum 
below  which  the state of unbalance is cons idered   acceptab le .  

3.1.14 Tolerance,   unbalance.  The unba lance   t o l e rance   i n  a t ransverse  plane  (measuring 

s icana l   v ibra t ion  o a mas e as t ic  s y s t e m  

t i a n   t r a n s v e r s e  t o  t h e  p m e  a x i s .  

'3.1.15 Forqu;, y ibr t tofy.  Vibra tory   to rque  is that  to rque   a s soc ia t ed  w i t h  t h e  tor- 

3.1.16 V i b r a t i o n ,   l a t e r a l .  Lateral v i b r a t i o n  is  the v i b r a t o r y   d e f l e c t i o n   i n  a direc- 

3.1.17 Vib ra t ion ,   l ong i tud ina l .   Long i tud ina l   v ib ra t ion  is t h e  v i b r a t o r y   d e f l e c t i o n  
a l o n g   t h o   p r i n c i p l e   a x i s .  

ized by  angular   osci1l 'a t Ion of t h e  mass e l a s t i c   s y s t e m   r e l a t i v e   t o  i ts  a x i s .  
3.1.10 V i b r a t i o n ,   t o r s i o n a l .  A t o r s i o n a l   v i b r a t i o n  is a v i b r a t i o n  that  is charac te r -  
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displacement  is a s i n u s o i d a l   f u n c t i o n   o f  t i m e .  
3.1.19 :impie harmonic  motion. A simple  harmonic  motion i s  a mot ion   such   t ha t   t he  

4. GENERAL REQUIREMENTS 

4.1 I d e n t i f i c a t i o n   p l a t e s .  Any shipbbard  equipment   that   has  met the   requi rements   o f  
this s t a n d a r d   s h a l l   b e  so i d e n t i f i e d  by a s e c u r e l y   a t t a c h e d   i d e n t i f i c a t i o n   p l a t e   i n   a c c o r d -  
a n c e   w i t h   t h e   f o l l o w i n g ,   w i t h   c h o i c e s   s t r i k e n   o u t a n d   b l a n k s   f i l l e d   i n :  

"This  Equipment 
Dupl ica te  Tested  under MIL-STD-167-1 Type 

With 
Without Mounts  Type t o  112" 

P-15024. Unless   o therwise   spec i f ied   in   the   ind iv idua l   equipment  s p e c i f i c a t i o n ,   i d e n t i f i -  
4 .1 .1  The i d e n t i f i c a t i o n   p l a t e s   s h a l l   b e   i n   a c c o r d a n c e   w i t h  type  A,  B, o r  C of MIL- 

ca t ion   p l a t e s   sha l l   con fo rm  to   t he   no rma l   s e rv i ce   r equ i r emen t s   o f  MIL-P-15024/5. 

5.  DETAILED REQUIREMENTS 

ment s h a l l b e s u b j e c t e d   t o  a s imula ted   envi ronmenta l   v ibra t ion   as  may be  encountered  a- 
board  naval   ships .  Unwanted s t ruc tu ra l   a r r angemen t s  on  board  ship w i l l  cause  the  ampli-  
t u d e s   o f   v i b r a t i o n  to  be  magnif ied,   and  therefore ,  many items of  equipment may be  subjected 
t o  more s e v e r e   v i b r a t i o n s   t h a n   t h o s e  imposed by n o r m a l   h u l l   v i b r a t i o n s   o r   t h e   l e v e l s  de- 

q u i e t  water i n   o r d e r  t o  achieve  repea tab le   and  r e l i a b l e   r e s u l t s ,  a c t u a l  sh ip   ope ra t ions  
s igna ted  by t h i s   s t a n d a r d .   I n  a d d i t i o n ,   w h i l e  normal   v ibra t ion  t r i a l s  a r e   c o n d u c t e d   i n  

o c c u r   i n  a l l  sea s ta tes  and   head ings   w i th   co r re spond ing ly   l a rge   i nc reases   i n   v ib ra t ion   ove r  
l ong   pe r iods   o f  time. Consequent ly ,   the   requi rements   spec i f ied   here in   account   for   these  
i n c r e a s e d   v i b r a t i o n s  by being more s t r ingent   than   the   min imal   ones   usua l ly   repor ted .   This  
s tandard   p rovides   an   ampl i tude   suf f ic ien t ly   l a rge   wi th in   the   se lec ted   f requency  r.ange t o  
o b t a i n  a reasonably  high  degree  of   confidence  that   equipment  will not   malfunct ion  during 
se rv ice   ope ra t ion .  

5.1 Type L -  Environmental   v ibrat ion.   For   type I v ibra t ion   requi rements ,   the   equip-  

5.1.1  Temporal c h a r a c t e r i s t i c s .  

o r d i n a r i l y   b e  dtn varying   f requencies   and   ampl i tudes   o f   v ibra t ion ,   poss ib ly   for  
long   per iods   o f  time during  which  the  machinery  and  equipment  must  continue t o  perform 
t h e i r   n o r m a l   f u n c t i o n .   P r i n c i p a l   c a u s e s  of s teady  state sh ipboa rd   v ib ra t ion  are (a)  propel- 
ler b lade   exc i ta t ion ,   and   (b)   unbalanced   forces  of p rope l l e r   and   sha f t ing .  The v i b r a t i o n  

cyc les   per   minute   (c .p .m.) ) .  I n  some o f   t h e  l a tes t  s u r f a c e   s h i p s ,   f r e q u e n c i e s   o f  up t o  
frequencies  encountered  aboard sh ip   vary   f rom  zero   to   approximate ly   33   her tz  (Hz)  (2000 

50 Hz (3000  c.p.m.)  have  been observed. The s e v e r i t y   o f   v i b r a t i o n  on a ship  depends upon 
the   t ype   o f   sh ip ,   and   l oca t ion  o f   equ ipmen t   w i th in   t he   sh ip ' s   s t ruc tu re .  

5.1.1.1 Stead state. A l l  machinery  and  equipment   instal led  aboard  naval   ships  w i l l  

made i n   r e l a t i v e l y   q u i e t  seas and  during  s teady  speed  operat ions.  Ilowever, sh ips   do   no t  
5.1.1.2 Transient.   Vibration  measurements for s t e a d y   s t a t e   c o n d i t i o n s  are u s u a l l y  

ope ra t e   unde r   t hese   cond i t ions   fo r  any  extended  length  of time as the  speed,  heading, and 
sea state may change. A change i n  any  one  of   these  condi t ions  such  as  sea state h a s - a  
g r e a t   e f f e c t   o n   t h e   l o n g i t u d i n a l ,   v e r t i c a l   a n d   a t h w a r t s h i p   v i b r a t i o n   l e v e l s .  The i n c r e a s e  
i n  displacement   ampli tude i s  a l m o s t   p r o p o r t i o n a l   t o  wave he ight .   Vibra t ion  levels recorded 
on a s h i p   d u r i n g   v i b r a t i o n  tr ials cannot   be compared w i t h   t h e   l e v e l s  shown i n   t a b l e  L, 
because   the   measured   da ta   g ive   v ibra t ion   leve ls   on ly  for a r e l a t i v e   q u i e t  sea condi t ion  
du r ing   t he   pe r iods  when changes i n   s p e e d  o r  head ing   a r e   no t  made. 

5.1.2 Basis  of acce t a b i l i t y .   A c c e p t a b i l i t y  w i l l  be   cont ingent  upon t h e   a b i l i t y   o f  
t h e   e q u i p m e n t p z f o r r n  :ts func t ion   du r ing   and   a f t e r   t he  tests s p e c i f i e d   i n  5.1.3.  bfinor 
damage o r   d i s t o r t i o n  w i l l  be   permi t ted   dur ing  t e s t  providing  such damage o r   d i s t o r t i o n   d o e s  
n o t   i n   a n y  way impa i r   t he   ab i l i t y   o f   t he   equ ipmen t   t o   pe r fo rm i t s  p r inc ipa l   func t ions .  
Because  of t h e  numerous types  of  equipment  covered  by  this  standard,  a de f in i t e   demarca t ion  
between major and   minor   fa i lures   cannot   be   spec i f ied .   Therefore ,   such   dec is ioñs   mus t  
necessa r i ly   be  l e f t  t o   t h e  judgement   of   the  test engineer-.   In  general  a major f a i lu re  i s  one 
which  would  cause  maloperat ion  or   malfunct ion  of   the item of   equipment   for  a long  per iod.  
N o n r e p e t i t i v e   f a i l u r e s   o f   s u c h   p a r t s   a s  vacuum tubes,  condensers,  and  wiring,  which  can  be 
eas i ly   rep lacec l  or r e p a i r e d  are genera l ly   cons idered   minor   fa i lures .  A s  s u c h ,   t h e   r e p a i r  
could  be made and  the test cont inued  with  no  penal ty   to   the  remainder   of   the   equipment .  
Sometimes t h e  c r i t i ca l  use  of  the  equipment w i l l  de te rmine   the   ca tegory  o€ f a i l u r e ;   t h a t  
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is, a f a i l u r e  o f  a p a r t   i n  a l i g h t i n g   c i r c u i t  may be cons idered   n inor .  The sara? f a i l u r e   i n  
a c o n t r o l   C i r c u i t  may be major. Thus t h e  t e s t  engineer ,  or command or agency  concerned, 
s h a l l  be r e s p o n s i b l e   f o r   s p e c i f y i n g  a major or minor   f a i lu re .  

t h o   o q u i p m c n ~ d ' i m p o s e  a 2-hour  endurance test  a t  the most damaging  amplitude  and 
frequency.  IIowever, t h i s  t e s t  d o e s   n o t   c o n s t i t u t e   a n   a c c e l e r a t e d  l i f e  test i n  t h e  sense  
that:  compliance with the   s t anda rd   wou ld   au tomat i ca l ly   i n su re   con t inuous   s a t i s f ac to ry   ope ra -  
t i o n  oE the   equipment .  

maehine e a p a b l d c - e  condt ions  s p e c i f i e d   i n  5.1.3.3. m a n s  s h a l l  b e  provided for 
5.1.3.1  Testin  machine.  Vibra t ion  tests s h a l l  be made by means of any t e s t i n g  

c o n t r o l l i n g   t h o   d i r e c t i o n   o f   v i b r a t i o n   o f  t h e  tes t ing   machine   and  for adjust ing  and  measuring 
i ts  f roquenc ie s   and   ampl i tude   o f   v ib ra t ion  t o  keep  them  within  prescr ibed limits. If t h e  
lower f r e q u e n c y   l i n i t  of 4 IIz s p e c i f i e d   i n  5 .l, 3.3.1  cannot be reached,  t h e  a v a i l a b l e  machine 
may be used  upon  approval of the command or agency  concerned,.provided khe na tura l   f requen-  
cies of  t he   equ ipmen t   i n   t r ans l a t iona l   and   rock ing  modes of vkbra t ion  do n o t  l i e  below  the 

p r o p ß r l y   c o n t r o l l e d   t r a n s i e n t   e x c i t a t i o n ,   s u c h  as bunping t h e  equipment to  see w h e t h e r  low 
lowest f r e q u e n c y   o f   t h e   a v a i l a b l e   t e s t i n g   m a c h i n e .  T h i s  may sometimes be determined by 

f requency  resonances exist. In   no  case s h a l l  a v ib ra t ion   t e s t ing   mach ine  be used  which  has 
a mininum f requency   g rea t e r   t han  10  Ilz. 

5.1.3 Tes t   rocedures .  The test  s p e c i f i e d   h e r e i n  is in tended  t o  loca te   r e sonances   o f  

5.1.3.2 Methods of   a t tachment .  

t h e   m u n t i n g  bra&hc t e s t i n g  n a c h i n e   i n  t h e   s a n e  aannef  t h a t  i t  vi11 be secured  on 
5,1.3.2.1  Shi  board  equipment. F o r   a l l  tests, t h e  equipment s h a l l  D e  secured t o  

sh ipbeard .   In  ense a l te rna te   ne thodr ;   o f   mount ing  are s p e c i f i e d ,  tests s h a l l  be made u s i n g  
each mothod sf mount ing   spec i f ied  by t h e  command or agency  concerned. For equipment  designed 
te be secured  to  a deck  and a headbrace  support ,  a v e r t i c a l  bracket s h a l l  be used to  sinu- 

e n s e n t i a l l y   t h o  sarna as the  n o t i o n  of the platform of the te s t ing   nach ine .  
lata a bulkhead. The b r a c k e t  shal l  be s u f f i c i e n t l y  rigid t o  i n s u r e  that its not ion  w i l l  be 

dosinned for uermanent o r  senmerr.1anent  at taciment t o  shm s t r u c t u r e   s h a l l  be a t t a c h e d  t o  
5.1.3.2.2  Shipboard porFsbIe and test eyuipnent .   Portable   and t e s t  equipment which is 

the i h b r a t i o n -   t e s t i n g   m a c h i n e s -   i n  t h e  same manner it is a i t a c h e d  to  tile ship.  Equipment 
which i a  net designecl for   permanent   o r   semipermanent   a t tachment   sha l l  be  secured  t o  t h e  
tes t ing   machines   by  means of s u i t a b l e   s t r a p s .  

t oo t ing   mach ines   i n   such  manñìièr t h a t  the m c t i o n  of v i b r a t i o n  w i l l  be i n   t u r n   a l o n g   e a c h  
of t h e   t t l r e o   r e c t i l i n e a r   o r i e n t a t i o n   a x e s   o f  t h e  equipment as i n s t a l l e d  on  shipboard - v e r t i -  

may bo tu rned  90 d e g r e e s   i n   t h e   h o r i z o n t a l   p l a n e   i n   o r d e r  t o  v i b r a t e  i t  i n  each of t h e  two 
ca l r  a thwar t sh ip ,   and   fo ro   and   a f t .  On a hor i zon ta l   v ib ra t ion   t e s t ing   mach ine ,   t he   equ ipmen t  

h o r i z o n t a l   o r i e n t a t i o n s .  A t  no time s h a l l  t h e  equipnent  he i n s t a l l e d   i n  any other  way than 
i ts  norma1 p o s i t i o n .  

5.1.3.2.4 Res i l ien t   mount in  s Equipment which i s  t o  be i n s t a l l e d   o n   r e s i l i e n t  mounts 
m e t i n g   t h e   r e q u ì r e m e n t s  o h '  M L  if 7185 or o n   d i s t r i b u t e d   i s o l a t i o n   m a t e r i a l  (DIN s h a l l   b e  
tsstod  without:  mounts.  Equipment wttich i n c o r p o r a t e s  other r e s i l i e n t   m o u n t i n g s   i n t e g r a l l y   i n  
the equipment box (such as e l e c t r o n i c   c a b i n e t s )   s h a l l  be i n s t a l l e d   a s   s u p p l i e d .  

s o p a r í i t e l y   i n  each of t h 6 e e  p r i n c i p a l   d i r e c t i o n s  of v i b r a t i o n .  A13 tests i n   o n e  
d i r e c t i o n  shall  bo completed  before  proceeding t o  tes t s  i n   a n o t h e r   d i r e c t i o n .  T h e  equipment 

perform its normal   func t ions ,  I f  major damage (see 5.1.2) occurs, t h e  test s h a l l  be discon- 
ohal l  bo secured  t o  the v i b r a t i o n   t a b l e  as s p e c i f i e d   i n  5.1.3.2  and s h a l l  be energized to  

d o f i c i e n c i e s ,   u n l e s s  otherwise d i r e c t e d  by t h e  command or  agency  concerned. The manu- 
t i n u e d   a n d   t h o   e n t i r e  test  s h a l l  be r epea ted   fo l lowing   r epa i r s   and   co r rec t ion   o f  

f a c t u r e r  may, at: h i s   o p t i o n ,   s u b s t i t u t e   a n   e n t i r e l y  new equipment for retest. I f  t h i s  
o p t i o n  i o  t aken ,  it s h a l l  be n o t e d   i n  the test r e p o r t   f u r n i s h e d   i n   a c c o r d a n c e  with 5.1.3.4. 

5.1.3.3.1 Ex lorator v i b r a t i o n  test .  To determine the p resence   o f   r e sonances   i n  t h e  
equipment  under w q u i p n e n t  s h m b e  secured  t o  t h e  v i b r a t i o n   t a b l e   a n d   v i b r a t e d  a t  

a n p l i t u d o  of 0,010 + 0.002 inch.  For f requencies   f rom 34 t o  50 Hz, a t ab le   ampl i tude   o f  
f requencies  from 4 112 (or lowes t   a t t a inab le   f r equency)   t o  33 Hz, a t  a t a b l e   v i b r a t o r y   s i n g l e  

d i o c r e t e   f r e q u e n c y   i n t e r v a l s  of 1 Ilz and  maintained a t  each frequency fo r  about  15 seconds. 
0.003 p l u s  zero, miñus  0.001 inch s h a l l  be used. The change i n  frequency s h a l l  be made i n  

The f r equenc ie s   and   l oca t ions  a t  which   resonances   occur   sha l l   be   no ted .  

~. 

5.1.3.2.3 O r i e n t a t i o n  for v i b r a t i o n  test. Equipment s h a l l  be i n s t a l l e d  on v i b r a t i o n  

5.1.3.3  Vibration tests;. Each o f   t h o  tests s p e c i f i e d   h e r e i n   s h a l l  be conducted 
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lowest a t t a i n a b l e  f r e q u e n M   m n  d i s c r e t e   f r e q u e n c y   i n t e r v a l s   o f  1 Hz a t  the  ampli-  
5.1.3-3.2  Variable f r e  uenc test. The  equipment s h a l l   b e   v i b r a t e d   f r o m  4 IIz (OE 

tudes  shown i n   t a b l e  I, A t  e ach   i n t eg ra l   f r equency ,   t he   v ib ra t ion   sha l l   be   ma in ta ined   fo r  
5 minutes. 

5-I.Z.3.3  Endurance test. The  equipment s h a l l   b e   v i b r a t e d   f o r  a t o t a l   p e r i o d   o f  a t  
least  2 h o u r s  a t  the   resonant   f requencies   chosen  by t h e  tes t  engineer .  If no  resonance i s  
obse rved ,   ' t h i s  test  s h a l l   b e   p e r f o r m e d  a t  50 Hz or a t  the   upper   f requency  as s p e c i f i e d   i n  
5.1.3.3.4.  The a m p l i t u d e s   o f   v i b r a t i o n   s h a l l   b e   i n   a c c o r d a n c e   w i t h   t a b l e  I and   f igure  1. 

Table 1 - Vibratory  displacement   of  
envi ronmenta l   v ibra t ion .  

Frequency  range Table   ampli tude 
( inch)  (11z) 

1 6  t o  2 5  
4 t o  15 

26 to  33 
34 t o  40 
41 t o  50 i 

0.030 + Q.006 
.O20 T .O04 
.o10 T .ao2 
.o05 T .o01  
.o03 i .o00 - .o01 

of   sh ip  need  be &only u p  through  the  f requency  range  which  includes  the maximum 
exc i t ing   f r equency   o f   t he   sh ip  tmaximum s h a f t  rpm x Nu. of propeller  blades/GO).  For 

quency  of 18 Hz, t h e   e q u i p m e n t   s h a l l   b e   v i b r a t e d   a t   o n l y   t h e  first. two ranges shown i n  
example, i f  equipment is t o   b e   i n s t a l l e d   o n  a c l a s s   o f   s h i p s  with a maximum e x c i t i n g   f r e -  

t a b l e  I. 

5.1.3.3.4 Exce t i o n .   E q u i p m e n t i n t e n d e d   f o r   i n s t a l l a t i o n   s o l e l y  on a p a r t i c u l a r   c l a s s  

t i o n  on masts, s u c h   a s   r a d a r a n t e n n ä è ä n d i a t e d  equ ipmen t ,   sha l l   be   des igned   fo r  a 
5.1.3.3.5 Endurance t es t  f o r  mast mounted  equipment.  Equipment  intended  for  installa- 

s t a t i c   l o a d   o f  2 .59   (1 .59   ove r   g rav i ty1   i n   ve r t i ca l   and   t r ansve r se   ( a thwar t sh ip   and   l ong i -  

e q u i p m e n t   s h a l l   b e   v i b r a t e d   f o r  a t o t a l   p e r i o d   o f  a t  l e a s t  2 h o u r s ,   a t   t h e   r e s o n a n t   f r e -  
t u d i n a l )   d i r e c t i o n s ,  t o  compensa te   for   the   in f luence  of rough  weather ,   In   addi t ion,   the  

quencies   chosen by t h e  t e s t  e n g i n e e r .   I f  no  resonance was obse rved ,   t h i s  test  s h a l l   b e  
performed a t  33 Hz, un les s   excep ted  by 5.1.3.3.4. The ampl i tudes   o f   v ibra t ion   sha l l   be  
i n  accordance   wi th   t ab le  II. 

Table  II - Vibratory  displacement  of  environmental  
v ib ra t ion   fo r   mas t  mounted  equipment. 

Frequency  range  Table  amplitude 
(112) 

11 - 15 
4 - 1 0  

( inch)  

0 ,100  + .o10 
.O30 T .O06 

16 - 25 .O20 T .O04 
26 - 33 .o10 .o02  

by t h e   t e s t i n g m o r a t o r y  s h a l l  i n c l u d e   d e t a i l e d  d e s c r i p t i o n s   o f  any damage or   malfunct ion-  
5.1.3.4 T e s t  r e p o r t .  The t es t  r e p o r t   t o   b e  fu rn i shed   t he  command or agency  concerned 

ing   incur red   and  at  what   s tage  i n  t h e  tests it occurred.  When possible ,   photographs of 
phys ica l  damage s h a l l   b e   i n c l u d e d .  Recommendations are d e s i r e d   a s  t o  what corrective 
measure, i f  any,  should  be  taken. A t  t h e   d i s c r e t i o n  of t h e  t es t  engineer ,  it s h a l l   a l s o  
inc lude   o the r   pe r t inen t   i n fo rma t ion ,   such  as  the   overa l l   d imens ions  of the  equipment ,  i t s  
weight ,   approximate   loca t ion   of   the  center of   g rav i ty ,   and  a ske tch   o r   photograph   of   the  
methods  used i n  mounting it on t h e  t es t  machines. 

m n t s  s h a d %  e G e c i f i e d  i n  tirhe-ement of machinen .  The l i m i t a t i o n s  set  f o r t h   h e r e i n  
5.2 T e II - I r i t e r n a l l   e x c i t e d   v i b r a t i o n ,  Type II ba lance   and   v ibra t ion   requi re -  

may also be   u sed -as  criteria on   bverhaul   to le rances ,   bu t   should   no t   cons t i tu te  a c r i t e r i o n  
f o r   t h e   n e e d   f o r   o v e r h a u l ,   t h a t  is, i f  a turbo-generator  s e t  is v i b r a t i n g   p l u s   o r  minus 
1 0  mils, it would  be  obvious t h a t   a n   o v e r h a u l  would  be in   o rde r .   I n   such   ca se ,   t he   ba l ance  
a n d   v i b r a t i o n   t o l e r a n c e s   o f   t h i s   s t a n d a r d  nay  be  used as o v e r h a u l   t o l e r a n c e s ,   b u t   i f   t h e  
turbo-generator  set is v i b r a t i n g  at  a l e v e l  1 0  percent   above   the   curve  shown on f i g u r e  2 ,  
it need  not   be removed for   overhaul ,   merely  because  the  level   exceeds  the curve value.  

5 

Provided by IHS Licensee=Orbital Sciences/6112622100 
Not for Resale, 05/17/2005 11:38:00 MDTNo reproduction or networking permitted without license from IHS

--``,,,``,,`,,``,`,``,,``````,-`-`,,`,,`,`,,`---



MIL-STD-367 -1 EN 9 9 7 9 9 3 3  0033737 3 W 

MIL-BTD~167-1(811IPS) 
1 m y  1374 

v i b r a t i o n ,  b-gwear, and n o i s e ,  The types   o f   co r rec t ion ,  as shown i n  t a b l e  III shall 
9 .2 .1   Bas~ i s   s f   accep tab i l i t y .  A 1 1  ro t a t ing   mach ine ry   sha l l  bc balanced  to   minimize 

depend  on  the  speed  of  rotation  and r c l a t ivc   d imens ions   o f   t he   ro to r .  

Table III - Types of   co r rec t ion .  

1 Type of c o r r e c t i o n  speed Rotor   c l iaractcr is  ticsA’ I (r.p.m. 1 I 
I I Single-plane o - 1000 

o - 150 
L/D 0.5 1 L / U 7  0.5  

Two-plane 1 1000 I L/D 
0.5 

150 L/U 7 0.5 
9 

Multi-plane F lex ib l e :   Unab lc   t o  

ba lanc ing  
c o r r e c t  by tvo-plane 

L’L = Lcngttl of  r o t o r  nass, e x c l u s i v e   o f   s h a f t .  
D = Uiancter  of ro tor   mass ,   exc lus ive  of s h a f t .  

limits OE vibra t ion   sha l l   conform  to   5 .2 .2 .3 .  
5.2.1.1 The limits of a l lowahlc   unbalance   s l la l l   conform  to  5 .2 .2 .2 .  I n  a d d i t i o n ,  the 

5.2.2 Frocedurs.  

5.2.2.1  Balancin methods. Except   for   machinery  opcrat ing  I~elotr  150 rpn, a l l   b a l a n c i n g  
s h a l l  be a c c o m d y - o f  balancinq  oquipmcnt  which  require:;  rotation  of  the work 
p iece .  Thio may tac either shop  or   asserhly  balancinq  type  equipment .  Thc tninimum d e t e c t a b l e  
unbalance of the  balancing  machine  used  shal l  be below t h e   r e s i d u a l   u n b a l a n c e   s p e c i f i e d   i n  
5.2.2.2, Por machinery r a t e d   a t   l a t e r   t h a n  140 r p n ,   t h e   r o t o r   i n c l u d i n q   s h a f t ,  may be 
balanced by symmetr ica l ly   suppor t ing   the   ro tor  on  two k n i f e  edges and a p p l y i n g   c o r r c c t i o n   t o  
a t t a i n  a static balance.  

tho r e s i d u a l  unbalance-inaachlancf-ction of any r o t a t i n g   p a r t   s h a l l   n o t   e x c e e d  
5.2.2.2 Dalance limits f o r   r i g i d   r o t o r s ,  When balancccl i n  accordance w i t h  5.2.2.1, 

tilo value  determined  by: 

U I r f o r  speeds i n  excess  of  1000 rpn.  4 li 

or U a T €or  speeds bctrrccn  150  and  1000 rpm. 

o r  U = 0.177W f o r  opccds bclow 150 rpm. 

4 0 0 0 ~ 7  

whcrc U = maximum a l l a r a b l e   r e s i d u a l   u n b a l a n c c  i n  oz.- inches 
(1 = weiqht  of r o t a t i n g   p a r t  i n  pounds 
W = maximun o p e r a t i n g  rpm o f   u n i t .  

r o t o r s   s h a l l  n o t r s s u l c  i n r h t i b n   a n p l i t u d c s r g e r  than   those  specified on f i g u r e  2.  
5.2.2.2.1  Dalance l i n i t s   f o r   f l e x i b l e   r o t o r s .  The  r e s i d u a l  unbalance f o r   f l c x i b l c  

ance with 5.2.2.3.3, t h c ~ i c l u a l   v i b r a t i o n   a m p l i t u d e  shall  not  exceed t h e  values  shown on 
f i g u r e  2. I n  most  machinery, the r e s i d u a l   v i b r a t i o n  t r i l l  b e   p r inc ipa l ly  a t  r o t a t i o n a l  
f r equency   ( f i r s t   o rdc r ) .   I n   t hose   ca ses ,   t ho   mcasu remcn t  nay b C  l i m i t e d   t o  the e v a l u a t i o n  
of first erder v ib ra t ion   on ly .  I n  t h e  case of  complex  nachincry,   which  include  reduction 

of v i b r a t i o n  may e x i s t .  I n  such c a s e s ,  measurements s h a l l  i n d i c a t e   t h a t  e i t h e r :  
g e a r i n g ,   i n p o l l e r o ,  or o t h e r  v i b r a t i o n  e x c i t i n g   s o u r c e s ,  i t  i o  expected t h a t   h i g h e r   o r d e r s  

9.2.2.3  Vibration test. Wien nountcd   as   spec i f ied  i n  5.2.2.3.2 and  measured i n  accord- 

(a) Tho o v e r a l l   v i b r a t i o n   v e l o c i t y  i s  l e s s   t h a n   p l u s   o r   n i n u s  0.15 inch per 

(b) The d i s p l a c e n e n t   a m p l i t u d e s   a t  a l l  p a r t   f r e q u c n c i c s   s h a l l   f a l l  belorr t h e  
second with a maximum al1or:ablc  displacement of p l u s   o r  minus 1.25 mils, 

l e v e l  of f i g u r e  2. 
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w h e t h e r   v i h r a t i o ñ ñ ì ë ã s ~ e m e n t s  may be   l imi t ed  t o  f i r s t   o r d e r  or be  extended t o  cover   h igher  
o r d e r s  (see 6 .2 ) .   I n   gene ra l ,   mach ine ry   such   a s  motors, gene ra to r s   and   s imple   ro t a t ing  
dev ices   w i th  no gears  would  have a p r i n c i p a l   v i b r a t i o n  of o n l y   f i r s t   o r d e r .  I4achinery  such 
as g e a r   d r i v e n  u n i t s ,  u n i t s   w i t h   i n t e r n a l   g e a r i n g ,   r o t a r y  pumps or  compressors,   and  fans 
a n d   b l o w e r s   w o u l d   o f t e n   h a v e   h i g h e r   o r d e r s   o f   v i b r a t i o n   i n   a d d i ! i o n   t o   t h e   f i r s t   o r d e r .  

b u n t e d  e l a s t i c a d  na tura l   f requency  less than   one-quar te r  of t h e  minimum r o t a t i o n a l  
5.2.2.3.2  Mountin . Afte r   ba l anc ing ,   t he   un i t   sha l l   be   comple t e ly   a s sembled   and  

be  determined by f i g u r e  3 b u t   i n   n o  case sha l l   t he   de f l ec t ion   exceed   one -ha I f   t he   o r ig ina l ,  
f requency  of   uni t .  To accompl i sh   t h i s ,   t he  minimum static d e f l e c t i o n  of t h e  mounting  should 

h e i g h t  of t h e  elastic element. On machinery t h a t   c a n n o t   b e  mounted as desc r ibed ,   and   a f t e r  
approval  by t h e  command o r  agency  concerned, t h e   u n i t   s h a l l   b e  mounted  on a foundat ion   the  
same as, o r  commensurate  with,   the  shipboard mounting  for  which i t  i s  intended.  

5.2.2.3.1  Order  of  vibration. The i n d i v i d u a l   e q u i p m e n t   s p e c i f i c a t i o n   s h a l l   s p e c i f y  

5.2.2.3.3  Measurements. On a l l  machinery   except   tu rb ines ,   ampl i tudes   o f   v ibra t ion  
sha l l   be   measured  on the  bear ing  housing i n  t h e   d i r e c t i o n  of maximum ampli tudes.  I n  t h e  
case of turb ines ,   ampl i tudes  of v ib ra t ion   sha l l   be   measu red  on t h e   r o t a t i n g   s h a f t   a d j a c e n t  
t o  the   bea r ings .   Ca re   sha l l   be   exe rc i sed  t o  e n s u r e   t h a t   t h e   s h a f t  i s  smooth  and  concentric. 

Amplitudes  of v i b r a t i o n  s h a l l  be   he ld   w i th in   t he  limits shown on f i g u r e  2. On c o n s t a n t  
E c c e n t r i c i t y  o f   s h a f t   o r  h igh  s p o t s  on t h e   s h a f t  may e a s i l y   r e s u l t   i n   e r r o n e o u s  readings.  

speed   un i t s ,   measurements   sha l l   be  made a t  the   ope ra t ing   speed .   In   t he   ca se  of v a r i a b l e  
speed   un i t s ,   measurements   sha l l   be  made a t  maximum speed  and a t   a l l   c r i t i c a l   s p e e d s   w i t h i n  
opera t ing   range .  

a b l e   c a l i b r a t e d   v i b r a t i o n   i n s t r u m e n t   w i t h  a s ens i t i v i ty   cons i s t en t   w i th   t he   ampl i tude   and  
f requency   spec i f ied   on   f igure  2. 

5.2.2.3.4 Instruments.   Amplitude  and  frequency  measurements  shall   be made with a s u i t -  

5.2.2.3.5  Exception.  In  the  case  of  complex  machinery items, such as assemblies  
employing  reduct ion  gears ,   the   a l lowable  ampli tudes shown on f i g u r e  2 may b e   t o o   h i g h   f o r  
proper   opera t ion   of   the   equipment .   In   such   case ,   a l lowable   ampl i tudes   based   on   manufac tur ing  
to l e rances   and   c l ea rances   and   ope ra t iona l   r equ i r emen t s  w i l l  b e   s p e c i f i e d  by t h e  command o r  
agency  concerned (see 6.21. 

6. NOTES 

6.1 Type I o f   t h i s   s t a n d a r d   s u p e r s e d e s   t h a t   p a r t   o f  MIL-T-17113 c o v e r i n g   v i b r a t i o n ,  

6.2 Attent ion  of   design  engineers  i s  c a l l e d   t o   t h e   f o l l o w i n g  items which  must  be  speci- 
f i ed   i n   t he   i nd iv idua l   equ ipmen t   p rocuremen t  document: 

( a )  Type ( s )  o f   v i b r a t i o n   r e q u i r e d  (see 1 . 2 1 .  
(b)  Whether vibrat ion  measurements   for   type II nay   be   l imi t ed   t o   t he  f i rs t  

(c) S p e c i a l  limits f o r  complex  machinery items (see 5.2.2.3.5). 
order or   extended t o  cove r   h ighe r   o rde r s  (see 5.2.2.3.1). 

6.3 The fo l lowing   documen t s   p rov ide   des ign   gu idance   and   de f in i t i ons   i n   t he   f i e ld   o f  
v i b r a t i o n :  

UNITED STATES OF AMERICA STANDARDS INSTITUTE STAElDARDS 
S1. l  - 1960,  Acoustical   Terminology  (Including  Mechanical Shock  and V i b r a t i o n ) .  
52.2 - 1959,  American  Standard  Methods f o r   t h e   S p e c i f y i n g  of C h a r a c t e r i s t i c s  

S2.5 - 1962, American Standard  Nethods  €or  Specifying  the  performance o f  

S2.7 - 1964,  American  Standard  Terminology  for  Balancing  Rotating  Hachinery. 

of  Auxiliary  Equipment  for Shock  and  Vibration  Methods. 

Vibration  Machines. 

SPECIFICATION 

MILITARY 
MIL-1.1-17185 - Mounts, Res i l ien t :   Genera l   Spec i f ica t ions   and  T e s t s  for   (Ship-  

board  Applicat ion) .  

STANDARDS 

MILITARY 
MIL-STD-740 - Airborne  and  Structureborne  Noise  Measurements  and  Acceptance 

Cr i t e r i a   o f   Sh ipboa rd  Equipment. 
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PUBLICATIONS 

NAVStIIPS 
NAVSHIPS 94323 - M a i n t a i n a b i l i t y   D e s i g n   C r i t e r i a  Handbook for   Design o f  Ship- 

NAVSIIIPS 0967-316-8010 - BUSHIPS Re l i ab i l i t y   Des ign  tlandbook ( E l e c t r o n i c s ) .  
NAVSIIIPS 0967-309-3010 - Design of Shock   and   Vibra t ion   Res is tan t   E lec t ronic  

boa rd   E lec t ron ic  Equipment. 

Equipment for   Shipboard  Use. 

farmorly c ~ ? ~ ~ - l 6 7 B [ S I I I P S ) .  The types  III, I V  and V requi rements   a re   covered  
6.4 Su o r s c d i n   T h i s   s t a n d a r d   c o v e r s   t h e   t y p e  I and II v ib ra t ion   r equ i r emen t s  

i n  MIL-STD-167-2. 

P r e p a r i n g   a c t i v i t y :  
Navy - sr1 
(Project MISC-N921) 
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Figure 1 - Type I environmental   vibration limits (graphical  
presef i tat ion  expressed i n  d i s p l a c e m e n t ,   v e l o c i t y  
and a c c e l e r a t i o n ) .  
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VIBRATION FREQUENCY - C P M  

Figure 2 - Maximum allowable vibration, type II, 
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F i g u r e  3 - Minimum s t a t i c  d e f l e c t i o n  of mount ing  for t y p e  11 v i b r a t i o n  
test. 
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