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A b s t r a c t  
 

T h e p ap er p res ent s  t h e new  mod el  of  t orq u e met er d es ig ned  in G d y nia 
M arit ime U niv ers it y  and  R es earc h -Prod u c t ion E nt erp ris e f or M arit ime 
I nd u s t ry  “ E N AM O R ”  L t d .,  G d y nia. T h e g eneral  id ea of  meas u rement  
mak es  u s e of  t h e t ors ion ang l e meas u red  on a s h af t  s ec t ion ( 4 0 0  mm)  u s ing  
t h e p h ot o-op t ic al  t ec h niq u e. T orq u e met er u nit  is  eq u ip p ed  w it h  
Prog rammab l e L og ic  D ev ic e ( PL C )  f or c al c u l at ions ,  ex t ernal  p aramet ers  
ac q u is it ion ( ex .:  s p eed ,  t rim,  s h af t  g enerat or p ow er et c .)  and  meas u red  d at a 
s t orag e in memory . T h is  u nit  ( b earing  a s y mb ol  E T N P-8 )  h as  al s o 
p os s ib il it y  t o meas u re ins t ant aneou s  f l u c t u at ions  of  t h e t orq u e and  eng ine 
rot at ional  s p eed  as  a f u nc t ion of  t h e s h af t  rot at ion ang l e. D is p l ay ing  t ime-
h is t ories  of  t h os e p aramet ers  on t h e monit or s c reen of  an ex t ernal  PC  
c omp u t er g iv es  t h e op erat or an op p ort u nit y  t o mak e a p rel iminary  
p erf ormanc e as s es s ment  f or eac h  ind iv id u al  c y l ind er in t h e eng ine,  and  f or 
t h e d riv e s y s t em as  a w h ol e. As  an ex amp l e,  t h e anal y s is  and  p roc es s ing  of  
t h e meas u red  t orq u e and  rot at ional  s p eed  f l u c t u at ions  are p res ent ed . T h e 
meas u rement s  w ere d one on t h e t raining  s h ip  m/ s  H ory z ont  I I ,  ow ned  b y  
t h e G d y nia M arit ime U niv ers it y . 
 
K e y w o r d s :  s h ip ’ s  p rop u l s ion u nit ,  main eng ine,  t orq u e meas u rement ,  
t orq u e met er. 
 
U r zą d zen i e d o  p o m i a r u  m o m en t u   
i  p r ę d ko ś c i  o b r o t o w ej  n a  w a l e  
ś r u b y  n a p ę d o w ej  st a t ku  

 
S t r e s z c z e n i e  

 
R ef erat  p rz ed s t aw ia u rz ą d z enie d o p omiaru  moment u  i p rę d k oś c i k ą t ow ej  
na w al e ś ru b y ,  w y k orz y s t u j ą c e f ot oop t y c z ny  p omiar k ą t a s k rę c enia w ał u . 
N a p od s t aw ie mierz ony c h  c z as ó w  t rw ania z ę b ó w  i s z c z el in d w ó c h  t arc z y  
z ę b ow y c h  w y z nac z ana j es t  p rę d k oś ć  ob rot ow a,  moment  i moc  na w al e 
oraz   t eoret y c z ne z u ż y c ie p al iw a. D oł ą c z ony  d o u rz ą d z enia z ew nę t rz ny  
k omp u t er PC ,  z  od p ow ied nim op rog ramow aniem u moż l iw ia p omiar 
w art oś c i c h w il ow y c h  moment u  i p rę d k oś c i ob rot ow ej  w  f u nk c j i k ą t a 
p oł oż enia w ał u  k orb ow eg o. Pomiary  w art oś c i c h w il ow y c h  z aw ieraj ą  
inf ormac j ę  d iag nos t y c z ną  o p rac y  u k ł ad u  nap ę d ow eg o s t at k u . 
 
S ł o w a  k l u c z o w e :  ok rę t ow y  u k ł ad  nap ę d ow y ,  s il nik  nap ę d u  g ł ó w neg o,  
p omiar moment u ,  moment omierz . 
 
1 .  In t r o d u c t i o n  
 

E c o no m i sa t i o n o f  sh i p’ s m o t i o n b a ses o n sel ec t i ng  a n o pt i m a l  
rel a t i o n b et w een t h e c o st  o f  c o nsum ed  f uel  a nd  t h e o b t a i ned  
t ra nspo rt i ng  resul t .  I t s m ea sure c a n b e t h e speed  rea c h ed  b y  t h e 
sh i p,  f o r i nst a nc e.  E v a l ua t i ng  i nst a nt a neo us f uel  c o nsum pt i o n 
req ui res a c c ura t e d a t a  o n c urrent  l o a d  o f  t h e m a i n pro pul si o n 
eng i ne.  A  d ev i c e pro v i d i ng  t h o se d a t a  i s a  t o rq ue m et er.  I t s b a si c  
f unc t i o n i s c o nt i nuo us a ssessm ent  o f  l o a d  o f  t h e m a i n pro pul si o n 
eng i ne,  a nd  si g na l l i ng  w h en perm i ssi b l e pa ra m et ers h a v e b een 
ex c eed ed .  
 

P h . D.  Z b i g n i e w  S Z U C A  
 
I n  1 9 7 4  h e  g r a d u a t e d  f r om  G d a n sk  U n i v e r si t y  of  
T e c h n ol og y ,  F a c u l t y  of  S h i p  T e c h n ol og y ,  a n d  t h e n  
b e g a n  t o w or k  i n  P ol i sh  O c e a n  L i n e s i n  G d y n i a ,  f i r st   
a s a  m e m b e r  of  t h e  c om p a n y  sa i l i n g  c r e w ,  l a t e r  a s  
a  su p e r v i sor  i n  T e c h n i c a l  D e p a r t m e n t .  I n  2 0 0 0  h e  
st a r t e d  w or k i n g  i n  R e se a r c h  &  P r od u c t i on  E n t e r p r i se  
“ E N A -M O R ”  L t d  i n  G d y n i a .  I n  2 0 0 6  h e  g a i n e d  P h D  
d e g r e e  f r om  M e c h a n i c a l  E n g i n e e r i n g  F a c u l t y  a t  
G d a n sk  U n i v e r si t y  of  T e c h n ol og y .  
 
 
e-m a i l :  z b i g n i ew . s z u c a @ en a m o r . c o m . p l   

 
 
2 .  Mea su r i n g  t o r q u e a n d  r o t a t i o n a l  sp eed  

f l u c t u a t i o n s 
 

T h e g enera l  i d ea  o f  t h e t o rq ue a nd  ro t a t i o na l  speed  
m ea surem ent  m a k es use o f  t h e t o rsi o n a ng l e m ea surem ent  
ex ec ut ed  o n a  sh a f t  sec t i o n usi ng  a  ph o t o -o pt i c a l  t ec h ni q ue.  T w o  
ri ng s w i t h  m a c h i ned  t eet h  a re f i x ed  o n t h e pro pel l er sh a f t  a t  
d i st a nc e L  ( a ppro x .  4 0 0  m m ) .  T h ey  a re d esi g ned  i n suc h  a  w a y  
t h a t  t h ei r t eet h  a re i n t h e sa m e pl a ne.  T h e t eet h  o f  t h ese t w o  ri ng s 
c a n ro t a t e i n ( a nd  t h ro ug h )  a  g a p o f  a  t ra nso pt o r b a sed  m ea suri ng  
h ea d  ( F i g .  1 a ) .  T h e sh a f t  t o rsi o n,  pro po rt i o na l  t o  t h e l o a d i ng  
t o rq ue,  m a k es t h e t eet h  o f  t h e t w o  ri ng s m o v e w i t h  respec t  t o  ea c h  
o t h er,  a s i s sh o w n i n F i g .  1 b .  A t  t h e o ut put  o f  t h e m ea suri ng  h ea d  
a  rec t a ng ul a r w a v e i s o b t a i ned  w i t h  v a ri a b l e pul se-w i d t h  
m o d ul a t i o n ( F i g .  1 c ) .  

T h e t o rq ue m ea surem ent  b a ses o n m ea suri ng  t h e d i f f erenc e i n 
t h e t i m e d ura t i o n o f  t w o  suc c essi v e  pul ses,  rec o rd ed  b y  t h e 
t ra nso pt o r h ea d ,  t h a t  c o rrespo nd  t o  t h e c l ea ra nc es b et w een t h e ri ng  
t eet h .  

 

  

  
R y s.  1 .  Z a sa d a  p om i a r u  k ą t a  sk r ę c e n i a  w a ł u :  

a )  u sy t u ow a n i e  p i e r ś c i e n i  z ę b a t y c h  n a  w a l e ;   
b )  p r z e k r ó j  w  p ł a sz c z y ź n i e  p oł oż e n i a  z ę b ó w ;   
c )  p r z e b i e g  sy g n a ł u  z  f ot oop t y c z n e j  g ł ow i c y  p om i a r ow e j  

F i g .  1 .  P r i n c i p l e  of  t h e  sh a f t  t or si on  a n g l e  m e a su r e m e n t :  
a )  m e t h od  of  r i n g  f a st e n i n g  on  t h e  p r op e l l e r  sh a f t ;   
b )   c r oss se c t i on s of  t oot h e d  r i n g  p or t i on s;   
c )  t i m e -h i st or y  of  ou t p u t  si g n a l  f r om  t r a n sop t or  h e a d  
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One tooth on one ring has a narrow gap to mark a sel ec ted shaf t 
position angl e [ 1 ] .  Other shaf t position angl es are determined b y 
c ounting pul ses transmitted b y the transoptor head (F ig.  1 c ) .  W hen 
the pul se f rom the narrow gap is estimated,  the torq ue meter starts 
measuring the passing times T 1 i,  T 2 i,  T 3 i,  T 4 i (F ig.  1 c )  of  
c onsec utiv e c l earanc es b etween the teeth during a giv en numb er 
of  rev ol utions.  T he resul ts of  the time measurements are stored in 
the R A M  memory of  the torq ue meter el ec tronic  unit.  T hen,  af ter 
the measurement is c ompl eted,  the data are transmitted to the 
ex ternal  c omputer.  A c tual  v al ues of  the torq ue and rotational  
speed f l uc tuations are c omputed in the of f -l ine mode [ 2 ,  3 ] .  

A ssuming that the v al ues of  the torq ue and rotational  speed are 
c onstant during the time when the transporting head passes two 
c onsec utiv e teeth and two c l earanc es,  the instantaneous torq ue is 
determined f rom the f ormul a:  
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whil e the instantaneous rotational  speed of  the shaf t is c omputed 
f rom the f ormul a:  
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where:  

i - numb er of  teeth in one ring,  
kT  -  proportional ity c oef f ic ient resul ting f rom the nominal  

torq ue,  the amorphous el astic ity c oef f ic ient of  the 
shaf t,  the shaf t diameter,  the l ength of  the twisted 
shaf t sec tion,  and the unit sc al ing,  

kn - proportional ity c oef f ic ient resul ting f rom the unit 
sc al ing;  

αTj , i  - torq ue measurement angl es (j = 0 , 1 ) ,  
α n t , i  - rotational  speed measurement angl es (t = 0 , 1 , 2 , 3 ) ,  
TTj , i  - torq ue resul ting f rom the shaf t tension angl e,  
TTj , i p   - av erage torq ue c orrec tion resul ting f rom the 

distrib ution of  c l earanc es in the rest position.  
 
I t shoul d b e stressed here that the numb er of  points 

c orresponding to one shaf t rev ol ution during whic h the torq ue is 
measured is eq ual  to the doub l e numb er of  teeth (i)  in one disc ,  
whil e  f or the rotational  speed the numb er of  points is f our times 
as b ig as the numb er of  teeth.  T he mean v al ues of  the shaf t torq ue 
and rotational  speed are c al c ul ated as the mean v al ue of  al l  
measurements,  using f ormul as (1 )  and (2 )  f or an integer numb er of  
shaf t rev ol utions.  
 
3. R e s u l t s  o f  m e a s u r e m e n t s  o n  r e a l  o b j e c t  
 

T he measurements were done on the training ship m/ s 
Horyz ont I I  [ 4 ] ,  owned b y the G dynia M aritime U niv ersity 
(L = 5 6 m;  main engine:  4 -stroke S U L Z E R –C egiel ski 8 S 2 0 U ,  
nominal  power 1 2 8 0  kW ,  nominal  rotational  speed 1 0 0 0  
rev / min;  reduc tion gear 3 . 1 1 5 : 1 ;  propel l er shaf t diameter 1 8 0  
mm;  f our-b l ade v ariab l e pitc h propel l er D = 2 . 1 m;  numb er of  
teeth of  the torq ue meter ring 4 8 ) .  

T he torq ue f l uc tuation c urv es c omputed,  using f ormul a (1 ) ,  
f or two dif f erent l oads and shaf t rotations,  are shown in F igs 2  
and 3 .  

T he sec ond c ase c orresponds to the situation when the shaf t 
was dec oupl ed f rom the engine and the shaf t rotation was onl y 
prov oked b y the mov ing ship.  T he v al ue of  the torq ue was near 
z ero.  T he b oth presented signal s are signif ic antl y def ormed.  T he 
main sourc e of  def ormations is  an inac c urac y in manuf ac turing 

and instal l ing the toothed disc s on the shaf t,  b ut it c an al so 
inc l ude possib l e resonanc es of  f ree torsion v ib rations of  the 
propel l er shaf t,  v ib rations of  the shaf t def l ec tion,  propel l er l oad 
f l uc tuations,  etc .  T he possib il ity of  f ree resonanc es of  
mec hanic al  parts of  the torq ue meter c annot b e negl ec ted as 
wel l .  

T he two presented torq ue time-histories are simil ar to eac h 
other,  with the f irst harmonic s b eing the dominating c omponent.  
I ts most possib l e sourc e is the l ac k of  symmetry in f astening of  the 
two hal v es of  the toothed disc ,  c ut apart b ef ore the assemb l y,  on 
the shaf t.  A s is seen in F ig.  2 ,  this c omponent ex c eeds 4 0 0 %  of  the 
nominal  torq ue.  T his and other spec trum c omponents def orming 
the measurement resul ts c an b e el iminated using a method of  
spec tral  anal ysis whic h was presented in [ 1 ]  and [ 2 ] .  

 
 
 a )  

  
 b )  

  
R y s .  2 .   P u l s a c j a  m o m e n t u  n a  w a l e :   

a )  g d y  n av = 2 7 7 . 8 o b r/ m i n ,  T av =4 8 . 4 3  %  T n o m  ;   
b )  g d y  n av = 4 1 . 2 -4 3  o b r/ m i n ,  T av =-0 . 3 2  %  T n o m  

F i g .  2 .   P ro p e l l e r s h a f t  t o rq u e  f l u c t u a t i o n s :   
a )  f o r n av=2 7 7 . 8  re v / m i n ,  t o rq u e  T av=4 8 . 4 3  % T n o m  ;   
b )  f o r n av=4 1 . 2 -4 3  re v / m i n ,  T av=-0 . 3 2  % T n o m  

 
L ow-f req uenc y disturb anc e was el iminated b y using the torq ue 

c orrec tions whic h c orrespond to the distrib ution of  gaps and teeth 
of  two rings when l oad is z ero.  High-f req uenc y def ormations was 
el iminated using a f orward-b ac kward type f il ter,  whic h giv es z ero 
phase shif t due to doub l e f il tering.  

T he f il tered torq ue time-histories are marked in F ig.  3  as thic ker 
l ines.  W hat is noteworthy is torq ue f l uc tuations with the ampl itude 
of  ab out 2 . 5 %  of  the nominal  torq ue (F ig.  3 a) .  T hose f l uc tuations 
are generated b y the running engine and residual  torq ue 
f l uc tuations on the engine c rankshaf t,  whic h were not c ompl etel y 
damped.   

F igure 3 b  shows the time-history of  the instantaneous torq ue 
measured on the propel l er shaf t 5 0  sec onds af ter dec oupl ing it 
f rom the propul sion engine.  T he propel l er is rotated,  together with 
the shaf t and the gear,  b y the water f l owing down the ship’ s hul l ,  
whic h mov es b y its own inertia.  T hat is why the f l uc tuations 
c aused b y the engine in operation are missing in F ig.  4 b .  T he 
ob serv ed l ow f l uc tuations are l ikel y to b e generated b y irregul ar 
stream of  water f l owing down the propel l er and f ric tion torq ues in 
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shaft bearings. The load was approxim ately  eq u al to 0 .4 %  of the 
nom inal torq u e. 

 
 

 a )  

  
 b )  

  
R y s.  3 .   F i l t r ow a n y  p r z e b i e g  m om e n t u n a   w a l e  ś r ub y  p o uw z g l ę dn i e n i u 

n i e dok ł a dn oś c i  w y k on a n i a  i  m on t a ż u p i e r ś c i e n i :   
a )  sp r z ę g ł o si l n i k a  z a ł ą c z on e  -  R P M av= 2 7 7 . 8  r e v / m i n ;    
b )  sp r z ę g ł o w y ł ą c z on e  - R P M av≈ 4 1 -4 3  r e v / m i n  

F i g .  3 .   T or q ue  t i m e -h i st or i e s i n  c on se c ut i v e  sh a f t  r e v ol ut i on s,  t a k i n g  i n t o  
a c c oun t  c or r e c t i on s f r om  i n a c c ur a c y  of  t oot h e d  r i n g  m a c h i n i n g   
a n d a sse m b l y  a n d a f t e r  f i l t e r i n g :   
a )  t h e  M E  dr i v e  c oup l i n g  c on n e c t e d - R P M av= 2 7 7 . 8  r e v / m i n ;    
b )  t h e  c oup l i n g  di sc on n e c t e d - R P M av≈ 4 1 -4 3  r e v / m i n  

 
A  sim ilar m ethodology  of m easu rem ent data analy sis was 

applied for shaft rotational speed tim e-histories u sing form u la ( 2 ) . 
The rotational speed tim e-histories tak ing into ac c ou nt the 

c alc u lated c orrec tions are giv en in F ig. 4 . The figu re pu rposely  
preserv es the sam e sc ale of the Y -axis to better illu strate the sc ale 
of flu c tu ations of torq u e. 

The propeller shaft rotational speed flu c tu ations shown in  
F ig. 4 a resu lt from  power transm ission from  the engine to the 
propeller. 

 
 

 a )  

  
 
 

 b )  

  
R y s.  4 .   P r z e b i e g  p r ę dk oś c i  ob r ot ow e j  w a ł u ś r ub y  p o uw z g l ę dn i e n i u  

n i e dok ł a dn oś c i  w y k on a n i a  i  m on t a ż u p i e r ś c i e n i :   
a )  sp r z ę g ł o si l n i k a  z a ł ą c z on e ;   
b )  sp r z ę g ł o w y ł ą c z on e   

F i g .  4 .   T i m e -h i st or i e s of  t h e  p r op e l l e r  sh a f t  r ot a t i on a l  sp e e d a f t e r  t a k i n g   
i n t o a c c oun t  t h e  c or r e c t i on  f r om  i n a c c ur a c y  of  t oot h e d r i n g   
m a c h i n i n g  a n d a sse m b l y :   
a )  t h e  M E  dr i v e  c oup l i n g  c on n e c t e d;   
b )  t h e  c oup l i n g  di sc on n e c t e d  

 
 
4. F i n a l  c o n c l u s i o n s  
 

The presented resu lts of m easu rem ents of instantaneou s torq u e 
and rotational speed,  and the  m ethodology  of their proc essing 
c onfirm  m u c h higher m easu ring potential of the newly  dev eloped 
torq u e m eter E TN P -8 . The ship on whic h the m easu rem ents were 
done has a 4 -strok e m ediu m  speed engine and the power 
transm ission sy stem  whic h to a c onsiderable extent dam ps torq u e 
and rotational speed flu c tu ations. The analy sed tim e-histories 
rev eal basic  harm onic s c orresponding to the fu ll c y c le of engine 
operation ( 2  c rank shaft rev olu tions) . The c om ponents 
c orresponding to the operation of indiv idu al c y linders are not 
rec ognised in the analy sed spec tra.   

The experienc e gained from  nu m erou s m easu rem ents of 
operating param eters of the power transm ission sy stem ,  perform ed 
with the aid of spec ialised m easu ring instru m entation on sea-going 
c argo v essels,  allows c onc lu ding that along with ty pic al 
applic ation for c ontinu ou s m easu rem ents of m om ent and 
rotational speed,  the presented torq u e m eter c an also be u sed by  
the m easu ring staff for diagnostic  m easu rem ents. E asy  u se in the 
operating m ode „ D iagnostic s”  allows the m ac hine c rew to perform  
on-line m easu rem ents,  with their im m ediate analy sis,  data storage,  
and transm ission to the shipowner.   
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