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GENERAL RADIO COMPANY 

e n g i n e e r i n g  d e p a r t m e n t  

INSTRUMENT NOTES 

DYNAMIC BALANCING 

WITH PORTABLE EQUIPMENT 

This article describes a portable balancing s e t -  
up that  makes possible the dynamic balancing of a 
rotating part in its own bearings and operating under 
normal conditions. Such on-the-spot balancing is nec- 
essary when the rotating part i s  too large or the pro- 
duction volume too small to permit the instalIation of 
balancing machines. Other applications include the  
rebaIancing of parts that have been deformed i n  ship 
ping, in assembly, or during operation. PoetabIe bal- 
ancing equip~flellt is also ofteil necessary because of 
rhe prohibitive cos t  of disassembting and shipping 
the patt to be balanced. 

b The porrable balancing setup cons is t s  of four 
parts. A vibration pickup converts the  mechanical 
vibration into an electr ical  s ignal ,  and a variabIe- 
frequency filter, or analyzer, is used to select only 
the frequencies of vibration that  are of interest. An 
amplifier and meter permit the measurement of the 
amplitude of bratlon, and a stroboscope establishes 
i t s  relative phase. 

ITPE 1560-P52 
VIBRATION PICKUP 

TYPE 1531 -A STROBOIAC 
ELECTRONIC STROBOSCOPE 

* 
SEE APPENVIS 4 

The recommended equipment interconnection is 
shown in Figure I. The  vibration pickup, which can 
be magnetically or mechanically clamped t o  the 
beating housing, provides the inpuc signal ta the  ana- 
lyzer. The analyzer filters and measures t h i s  s ignal  
and provides an output ta trigger the  stroboscope 
through a transistor switch. Since a triggering signal 
is provided, any one of three standard stroboscopes 
can be  used.' A transistor switchZ i s  connected be- 
tween the  analyzer and t11e struboscopq t o  ellsure 

adequate triggering for aIl s ignal  leveIs. 
The foI1owing instructions and example de- 

scribe i n  de ta i l  the  single-plane dynamic balancing 
procedure, which  is usually adequate if the  axial 
length of the rotating patt i s  very small compared 
with its diameter. Fans and flywheels can often be 
satisfactorily balanced In a singIe plane. While i t  i s  
theoretically possible t o  perform a s ta t ic  single- 
plane balance in which an accurate weighting pro- 
cedure enables gravity to determine the heavy side,  
it i s  unlikely that this method would completely 
eliminate the unbalance. Since even a s r n ~ I l  unbal- 
ance wi l t  produce large centrifugal forces at  high 
speeds ,  i t  is preferabIe to balance the part dynnmi- 
cally at the speed at which it wilI operate. 

Objects that have simiIar axial  and radial di- 
mensions require a two-plane dynamic balance. The 
same equipment described above can be used, but 
the procedure and the calculations are more complex. 

The General Radio Type 1531-A strobot*=@) r1eectronic 
s t roboscope  t.as an internal  osc i l l a to r  and is ca l ib ra ted  in 
rpm. Thus  it can also  be used to measure the  speed of 
the rotating Fart being balanced.  If th i s  information is not  
required and if a Strobotac is not needed elsewhere in the 
plant, a lower-cost instrument, the Strohoslave, is ade- 
quate.  For speeds above 25,000 rpm, or for bat tery oper- 
ation (e. if n o  AC power is available) ,  the Type 1 5 3 8 4  
~ t r o b o t a s ' e l e c c r o n i c  stroboscope is used.  

- Figure 1. Equipment setup for dynamic balancing. ' Described in Appendix A, 



Since both the single-plane and the two-plane balance 
procedures have been we11 d e ~ c r i b e d , ~  and since the 
operation of the equipment is similar for both cases, 
the following instructions and e ~ a m p l e  ate given far 
only the single-plane ca se .  

GENERAL PROCEDURE 

The balancing p r~ceduce  cons is t s  of an ini- 
t i a l  measurement of the  amplitude and pb.ase of the 
unbalance vibration, a second measurement after a 
triaI weight is i d d e d  to the rotating part,  and cal-  
cuIations to determine how that trial weight most be 
changed in  size and location to achieve a balance. 
(The purpose of adding the tr ial  weight is to obtain 
the relationship between the unbalance weight and 
the vibracion amplitude and besween the position of 
the weight and the  observed phase of the vibration.J4 
The balance ebus obtained i s  not, of course, a perf- 
e c t  balance, but it should be a substantial  irnprove- 
ment. If a better balance is desired, the balancing 
ptocedure shouId be repeated, wi th  the instruments 
set for greater sensitivity and with a smaller trial 
weight, until the balance is within the prescribed 
l im i t s .  

DETAI'LED PROCEDURE 

If the angular position of the object under tes t  
cannot be indicated by its construction or markings, 
i t  i s  necessary to add a mark for u s e  a s  a p h a s ~  ref- 
erence. With the object so marked, and with the 
equipment connected a s  shown in Figure 1, the de- 
tailed procedcre is a s  FolIows: 

I. Set the analyzer to the 1/3-octave bandwidth 
and tune the ftequency control to  the  vijration fre- 
quency component of interest. If the speed of the 
rotating part in rpm is known, the frecuency dial  
should bc s c t  t o  t h i s  value divided by 60. (Theana- 
lyzer i s  calibrated incyc l e s  per second.) If the speed 
I s  not known, tune the frequency control until a max- 
imum amplitude is indicated on the meter. The band- 
level control shou18 always be  adjusted for an on- 
sca l e  meter deflection. The  stroboscope should now 
be flashing once per revolution of the object under 
cest, and t he  reference line on the rotating part should 
appeat "stopped" by these flashes. If more than one 
reference line is observed, the frequency control is 
set a t  a muItiple of the correct frequency, and i t s  
set t ing should be divided by the  number of referenLce 
lines that  appear. 

Thearle,  E. R., "Dynamic Balancing of Rotating Machinery 
in the Field," .A.SAiE Transactions, Val  56,  1914. Paper 
AMP-56-19. 

MacDutf 8r Curseri, Vibration C o n t ~ o I ,  McGraw-Hill Rook 
Co., Inc., New York, 1958, pp 150-156. 

2. Record the amplitude indicated on the  meter 
and note the orientation of the "stopped" reference 
line on -the rotating part. On polar graph paper plot a 
vector A with the same orientation a s  the reference 
line and with a length proportional t o  the  vibration 
Ievel measured. 

For example, if the analyzer measures 30 rnilli- 
volts and the reference l ine  has an c r i e n ~ t i o n  of 
60' above right-side horizontal, t h e  vector A should 
be plotted t o  scaIe a s  shown in Figure 2 .  

3. The object under test is stopped, and a 
trial weight is added. Familiarity wi th  t h e  mechani- 
c a l  system being tested will i n  time permit the se lec-  
tion of a triaI weight about right for the system and 
the measured vibration Ievel. Unt i l  th is  familiarity 
is achieved, the trial weight must be selected at 
random, and the balancing procedure may have t o  be 
repeated a f e w  times co reduce the vibration re within  
the specified l imits,  

4. Vhen the object under cest is rotating again, 
the only adjustment that should be made on the  ana- 
lyzer is to change the band-level control, if neces- 
sary,  t o  o h a i n  an on-scale meter deflection. The 
new arnpIitude is recorded, and the  new orientation 
of the reference line is observed. 

5. A new vector B is plotted with a length cor- 
responding to the new amplitude as shown in Figure 
3. The annle at which vector B should be drawn is 
not, however, rhe angle at  which the reference line 
on the rotating part w a s  obsetved in s t ep  4. Vector - 
B is drawn on the s ide  opposite from vector main-  
taining the same angle with respect to.vector A. In 
the example, a w e i ~ h t  of one ounce is added, the 
new level m-easused-is 25 millivolts, and the refer- 
ence Iine is obsetved "stopped" at  320' (=-40"). 
Vector B is plotted t o  scale at a n  angle of 160'. 
[GO' - ( - 4 0 ~ 1 1  = 100' and 60° + 100' = 160'. 

6. since the original measurement gave the 
vibration caused by the original unbalance, and the 

If an a b s o l u t e  measurement of the unbalance vibration is 
required, the vibration pickup and  the  ana lyzer  should f i r s t  
be calibrated wbth a vibration cal ibrator.  



second measurement gave the  vibration caused by 
the  original unbalance plus the trial weight, i t  is 

\-r now possible t o  determine t h e  vibration caused only 
by the tr ial  weight. A vector C is drawn on the graph 
paper from the end of vector A t o  the end of vector E, 
a s  shown i n  Figure 4. This vector is the  di f fer -  
ence  between X and % and reptesents  the vibration 
due only to the trial weight. In other words, if the 
same tr ial  weight had been added to a perfectly 
balanced part. the vector would have been pro- 
portional t CJ the unbalance vibration caused. 

7.  The length of vector may now be either 
measured on the graph paper or cornputed."n the ex- 
ample, the measured vector C corresponds t o  a vi- 
bration leveI of 42 rniIlivolts. 

8. The original unbalance, represented by 
vector A, can be canceled only by an equal  unbalance 
on the opposite s ide,  Since thin whole procedure 
assumes chat the vibration levels measured are pro- 
portional t o  the amount of unbaIance causing the 
vibration, the levels  plotted as vectors A and c a r e  
chus proportisna1 to the original and trial unbaI- 
aaces, respectively. T o  reduce the tr ial  vibration 
Ievel represented by vector C t o  equal- the original 
vibration leveI represented by vector A, one must 
reduce the t r i a l  weight by the ratio of the lengths of 
vectors k and C. Referring t o  Figure 5 in the example, 
the  one-ounce t r ia l  weight must be reduced by the 

I ratio of vector (30 mV) to vector C (42 mV). The 
baIance weight needed is therefore: (1 oz) (30 mV/ 

t. 42 mV) = 0.71 oz. 

Calculations are shown i n  Appendix B. 

9. T o  cancel  the unbalance, the ba!ance weight  
must be  Iocared directly opposite I t .  Agai-n referring 
t o  Figure 5 ,  one can see that the position for the 
balance weight must be an angle (b) coonter-clock- 
wise from the position of the  rriaI weigh. Angle (b) 
may be measured or c ~ m p u t e d . ~  In she example, angle 
@) is 36'. The final balance weight of 0.71 oz 
should thus be positioned 36 ocounter-clockwIse from 
the position of the tr ial  weight. If a final measure- 
ment shows that the  vibration is s t i l l  greater than 
desired, the baIancing procedure may then be re- 
peated, 

Figure 5. 

APPENDIX A 
The following l is t  includes a brief description 

of the necessary equipment and aIternate instruments 
that  may be desired in special areas. 

GENERAL RADIO TYPE 1560-P52 VIBRATION 
PICKUP 

A transducer with a nominal sensitivity of 
75 mVJg, th is  pickup has a frequency range of 2 t o  
2000 C / S  (120 to 120,000 rprn), and an acceleration 
range of 0.1 to 39,000 in/s2. 



GENERAL RADlO TYPE 1564-6 SOUND AND I 

VlBRATlON ANALYZER i, .-% 
4 i, 

A tuned voItmeter with bandwidths of I/3 and 4 r 

1/10 octave, this  battery-operated analyzer has a 4 \I, 

frequency range of 2.5 t o  25,000 c /s  (150 to 1,500,000 - 
rpm) and a voltage range of 0.3 millivolt t o  30 volts. \ 

-2 

K i e  

TRANSISTOR SWITCHING CIRCUIT 

GENERAL RADIO TYPE 1531-A STROBOTAC' 
ELECTRONIC STROBOSCOPE 

A source af extremely short-duration, bright, 
white-Iight flashes that cause a rotating object to 
appear "stopped" when rotating at the  same rate a s  
the fIashing, th i s  stroboscope has an internal oscil- 
lator that  covers a range  of 110 rpm t o  25,000 rpm 
with 1% accuracy. It can also  be triggered by an ex- 
ternal signaI (such as the signal  from the analyzer) 
to flash in synchronism with that  signal. 

NPN TRPNSISTOR 
TYPE 2 ~ 1 3 0 2  IOO tn 

I 0 
4.7 k I l  

T o  provide adequate t r igger ing of she strobo- TO TYPE 1531-6. 

scope a t  low s ignal  leveIs from the analyzer, t h e  SOVWO a VIBR~TION STROBOSCOPE INWT 

foIIowinn transistor switchina circuit should be - - 
used. The necessary components can be purchased 
a t  any radio- or electronics-parts suppIy house for 
less than  $1.50, and only a few minutes are re- 
quired to  assemble them. Figure 6. Transistor switching circuit for use wi th  Type 

1531-A strobotaem electronic stroboscope. 
I 



Alternafe Instruments 

GENERAL RADIO TYPE 1560-P54 HIGH 
SENSITIVITY VIBRATION PICKUP 

This pickup with a nominal sensitivity of 
600 rnY/g can be substituted for the Type 1560-P52 
Vibration Pickup if greater sensitivity is desired. 
The frequency range is 20 to 2500 c / s ,  and nc- 
celecation tange is 0.01 to  3900 in/s2. 

,\ fr 

GENERAL RADIO f YPE 1539-6 STROBOSLAVE 
'1 

This Iow-cost slave stroboscope can be used 
as an auxiliary source of stroboscopic light, triggered 
by a Srrabwac. The specifications are sintilar LO 
those of the Strobotac, but an external triggering 
signal is required, since there is no built-in oscillator. 

GENERAL RADIO TYPE 1538-A S T R O B O T A C ~  
ELECTRONIC STROBOSCOPE 

This high-speed stroboscope can be substi- 
tuted for the Type 1531-Alf a range of 110 to  150,000 
spm is desired. The T y p  1538-A will be required 
when the balancing system is to be completely bat- 
tery-operated. The Type 1538-P3 Battery and Charger 
wil l  then also be required. This unit uses the same 
ttansistor switching circuit as the Stroboslave. 



APPENDIX B 

The foIlowing caIculations can be used i n  the Measured: A - 30mV; B - 25  mV; (c) = 100' 
balancing procedure to determine the length of vector thus: cos (c) = (-0.17) s in  (c) = 0.98 
C, the angIe (b), and the f inal balance a-eight. The 
calculations refer to Figure 7 and the example used C = d900 + 625 - (2)(30)(25)(-0-17) 
in the text. C = 42 mV. 

25 s in  (b) = - (0.98) = 0.58 
42 

/b = (/A' + R' - 2AB cos (c) s i n  (b) 
(b) = 3G0 

A 3Q - 
FINAL B A U M C E  WEIGHT: (1 o z ) ( ~ )  = (I){-1 - 0.71 oz. 42 

Figure 7. Vectorial representation of fext problem. 

G E N E R A L  R A D I O  C O M P A N Y  
WEST CONCORD, MASSACHUSETTS, USA 
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