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ORSIONAL VIBRATION CHARACTERISTICS AND CRITICAL SPEEDS OF THE CRANKSHAFT
AND REDUCTION GEAR SYSTEM

hiect:= The purpose of this analysis was to predetermine the
location of eritical speeds, and to ascertain the vibration
characteristics of a twelve oylinder flat engine, in order
to intelligently develop its particuler design for maximum
reliable power output.

UNMAYY - The following pages contain in detail a special in-
vestigation, to determine how critical speeds originmate,with
special reference to the question, which of the many possible
':.-uomnoo speeds are really eritical. By means of a working
hypothesis described herein, the eritical speeds for a twelve
eylinder flat engine are calculated, No attempt is made to
explain the theory of torsional vibration,nor the mathematical
prineiples involved in the calculations, as the listed refer-

ences clearly cover this matter,

The driving gas foroes are taken from an aotual indicator
card, and analytical considerations give the pressures due to
mass forces. By the application of harmoniec analysis to the
gas and inertia forces, the harmonic components are determined.
The normal elastic curve of the crankshaft system is calculated
from its natural frequency, and the vector sum of the ampli-
tudes for the normml elastic curve are evaluated by the aid

of phase diagrams,

Curves showing the relative magnitude of the vibrations

produced are plotted and form the basis for the conclusions

given below.
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nelusions:=- This analysis gives definite proef of the necessity
of oareful investigation in new design. Here we have a
crankshaft system of comparative low frequency operating
at high speeds, hence the possibility of encountering one
of the harmonics of the lower order whose magnitude is

great.

The basis of the conoclusions in this analysis is the
NATURAL FREQUENCY of the crankshaft system. It 1s quite
evident that the magnitude of the third harmonic is so
great,that it would be fatal to attempt to run the engine
at this oritical speed for any length of time.

In the caloulation of the natural frequency of the
crankshaft system (see Design Report #58) an assumption,
based upon the best available experimental data, allowing
for the loosenmsss factor in the gear train, was made., This
assumption, naturally, is open for criticism as it was based
upon data from only two engines, the reduction gear of which,
ingpither case, is comparable to the type to be used in the
Continental 0-1‘30;1 engine, The reduction gear system in
one case reduced the natural frequency 50%, while in the
other, the natural frequency of the geared engine was 70% of
that for the drive of the same design.

_ A glance at table 4, page 17 of this report shows the
change in location of the oritiocal speeds with a change in

the natural frequency.
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As the orankshaft itself has only 27.8 inches of
equivalent length, in a system of 189 inches, it is
evident that any change in the orankshaft would have
little effect on the netural frequency of the system.
It is, therefore, concluded to accept the orankshafrt
as designed. The quill shart, however, having 34.3

equivalent length, lends itself to modification,

It is highly probable that, by the addition of the
flexible quill shaft, to smooth out the torque variation
to the propeller, we have reduced the natural frequency
below its safe limits,

It 1s therefore concluded, that further studies be
made on the two existing engines, from which experimental
data on the effect of reduction gears was taken; to see
if anything definite can be determined, to oloser approx-
imte the looseness factor for our reduction gearing. A
further study will also dbe made using the Ranger, a 12-
eylinder geared Vee engine with a quill drive to see what

the looseness factor was in that case.

Further study should oclose up the gap in our present
assumption of the looseness factor, and provision will be
made in the present design, to give sufficient leeway in
alteration of the quill shaft to escape dangerous oritical
speeds, if encountered, as predicted.
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‘rocedure and
Jiscussion:= EXCITING TURNING FORCES OF GAS AND MASS PRESSURES:

Torsional crankshaft vibration is caused by the periodic~
ally changing torque moments, or torque variation,acting on‘
the shaft. The moments originating in the engine have their
source in the gas pressures,and the mass forces of the re-
ciprocating parts. The mass forces of rotating parts, in so
far as thoy are centrifugal forces, have no effect on torsional
" vibrations, If they are set up by tangential accelerations,
they belong to the vibration appearances themselves, and do
not appear as disturbances. In the following calculations we
use the turning forces or torque, relative to the orcnk radius,

The first requisite in the study of the gas torsional
forces is a knowledge of the indicator diagram, which ocan
only be acourately determined by careful measurement. In
the following computations, an especially fine indiceator
diagram was used, This diagram was taken with a Farnboro
indicator equipped with a special valve, developed by the
Research Department of the Continental lotors Corparation,
A photographic copy of this diagram is shown on page
of this report and curve C-26 shows the same diagram plotted

on a P.V. scale.

At the time of recording the above card the engine was
operating at the following conditions:
Hyper #2A Single Cylinder
BOYe = =« = = = =« « » 5,500 In. Stroke = = = = = = - 5,000 In.
Connecting Rod Retio % = A = 270
IeMeEPo = = = = = = 2068.4 BOOSt = « « « « « =« =18 In,.Hg.
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n“b Ail’ r.’. - — - - —— - mo'.
Jacket Coolant temp. in. ===we.. '“0,.

Jaoket Coolant temp. out =---es 250°F,

The overturning force,or torgue wod by the single
oylinder is the tangential foroe at the erank radius due to
both the inertia and gas foroes. The gas pressures acting on
the oylinder, along the eylinder axis, are obtained at various
orank angles from the indicator diagram, while the iner¥fa
forces are caloulated from the following equationt

7, = -.0000284 Wy B¥® f/'g |
where

¥y = Inertia foree, 1lbs. -

Wy ® Heolproeating weight = 6,383 lba,

fa = Crank -id.o faotor for piston acoceleration
Ja = cos & fum FX=2

where

¢ = orank angle

R = Orank radius = 2.500 in.

L = Conneoting rod length o 7.750 in.

The resul tant foreejacting in the direotion of the
eylinder axis, is obtained by adding algebraically, the inertia
force and the gas forve,at the orank amgles oonsidered, The
torque caused by the forces asoting in the oylinder at any
instant during the eyole is osloulated from the equation:

Tz¥ R [y
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where
T = Torque lbs, inches
Py = Resultant force along eylinder axis, lbs.
R g Crank radius, inohes
Jy ® Crank angle factor for piston velooity

vy 2 :l‘ 3 =4
I sg&f-t j sns

The tabulation of the above ealoulation and the seleoted
values from the indicator diagram are given in table 1 on
page 18, . '

Curve C 27 is the tangential foroe diagram plotted to a
oonvenient soale showing its basioc period of 2 revolutions.

This tangential foxr¢e diagram is subjeoted to an harmonio
analysis, the coefficients of the harmonies being determined
mthmthuiy. In order to avoid errors it is necessary to
divide the eurve into at least 48 ordinates, because the torque
diagram for ome oylinder has a long period (2 revolutions),
while the aotual torque curve for a twelve oylinder combination
has a period of 1/6 revolution.

The periodically varying oylinder torque is made up of a
large number of harmonies of varying amplitude and frequeney.
These harmonios may be evaluated by applying Fourier's theorem,
whioh states, that any periodie curve may be resolved into a
constant termj and a fundamental sine or cosine wave, together
. with hnm;niu of two, three, four, ete. times the frequency of
the fundamen tal. Curve Oﬁalhowa_ the harmonio amalysis of the
turning effort curve of, the engine yYynder oonsideration. The
fundamen tal , or first harmonie is designated as being of the
one~half order since its frequenoy is one~half the engine speed,
the second harmonie, order No. 1, ete. ‘
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when the orankshaft 1s revolving at sudh a speed that one
of these harmonies synohronizes with $he natural frequeney,
resonance ooours and the engine 1s said to be at a eritiocal speed
of that order.
For a detailed explanation of the method of determining the

numerical value of the harmonie cocefficients, see reference No., 7
.k=£En eos rr‘.'i.(?o cos k’°+,1 008 k:l'f-..-.._
n n

+ Yn.l 008 kn.l)
% 3 £ F vy oin e, =2 ( yo sin lxg+yy sin kx4 .-

¥p-1 8in nn_,_)
Ck =) o + bf
where k = Harmonie coefficient number,

The resul ts 'or the above apnalysis are given in table U and
ourve C29 in pounds per eash square ineh of piston area,

The fundamental period of the mass tarque is one revolution
in contrast to two in 'ﬁe::mio'rquo. henoe the effeot of the mass
torque on the harmonios of the combined gas amd inertis force will
only be evident in the even hamonies, As the higher harmoniecs do
not appear in the mass torques, it follows that the harmonics of
the oombined gas and inertia forces of the higher order are not
affeoted by the mass forces. It is evident that in a study of
resonances of the higher arder, it is not necessary to oonsider the
inertia forees. However, in high speed engines with a reduction
gear, the natural frequenoy of the system is reduced; and the :
lower hamonios beeome of great importance, as they are likely to

appear in the operating range of the engine.
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NOHMAL ELESTIC CURVE OF CRANXSHALFT SYSTEM;
In order to consider the effeot of the torque on the
various oranks of the shaft, 1% is necessary to know its statio

deflection curve. This may be ocaloulated from $he natural
frequency. (See reference No. 2).

i

T

[6/.15 ' . (2267

L

The statie defleotion curve for a 1l2-oylinder, 7 bearing
orankshaft system, suoh as the Continental 0-1430-1, may be
calculated by assuming the respective masses as ooncentrated on
each orank and ocaleculating the neocessary forece %o acocelerate them.
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In design, Report No. 58 (see reference No, 8) 1,y the
moment of inertia of the crenkshaft system, 1s given in lbs,

in®, fThe frequenoy of osoillation of a torsion pendulum 1s

= G in whioh O is the torque in 1lbs. ft. per radian
* -l F |

required to deflect the torsion member, end I is the moment of
inertia of the pendulum in slug rtf It 1s necessary, therefare,

2
to express I in slug £t , whioh 1-! =5
x 2

+3715 (with counterweight)

1
R o3

The frequemey of free harmonic vibration is

CAP

ooz @ f T
f: 74.8

o

. « D% 220,900

"

+320 (without ecounterweight)

where K = torque moment necessary to produce an angle of twist of
one radian in the shaft,

X = 0L,
2

I, = 2122 x 3.42 ® 0.84
£ = 9,26 (see sketoh)

e o Kz nm,_qgg_x_ws = 8,500,000¢
L]

Where ), is the defleotion produced in orank farthest fram the
: Avr, As e
propeller with a given torque moment, ani’ete are the respeotive

defleotions of the other eranks,
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Let A = 1,000 or 100% of the defleotion
then Ay = 1,000 - W 2 1,000 - 00966
o
A, = 228034

As '-'A'-Eu.ld, + LA, )
A 99 -
» = +99034 %o“ lfagg:‘:,: 3715 .320 x

A_,: +99034 - .0228 x .6865 » 97519
Ay S 4, ;.: (LA 4208, 41545 )
= 97519 « 0228 (3718 .317 «302) = ”51.05‘
= 195118
ds = 96119 - ,0288 (1.0505 95119 x 8715) = 98110 -
As = 292019
r\g: A; -{ (Hd.-c-x.e\._-rl.h,-ox‘a‘-o-xac\s )

= +92019 - ,0828(1.403 92019 x ,32) - .02919 -
" -030

A‘:M'

The verious values used in the adove oaloulations are given
in Table g8 page No. 17 while Curve C30 shows the waluss of
plotted against the equivalent length of the erankshaft, Thie

ourve represents the normal elastio ourve of the systenm.
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go;BI;NED EFFECT OF SEVKHA.L CYLINDERS=~ORIGIN OF CRITICAL

In an engine conpoud of several oylinaors. the individual
harmonics of the different cylinders are superimposed and thelir
resultant partly neutralize and partly augnent eagh other. It is,
however, to be noted that when certain harmonies far all
oylinders fogether neutralize eaoh other, they gud not necessarily
neutralize saeh other,in their effeot as a vibration exeiter,
because the harmonio forces apply at different points on the
- system, where different vibratory defleotions prevail,

Not all critieal speeds are equally dangerous, The relative
mgm.__tudo of the vibrations produced depends upon the value
D & o, 8in ﬁ, where D, 1s the value of the turning effort
harmonie, inﬁ Z 4, sin ﬂ, is the veotar sum of the normal de-

- fleotion obtained from the normal elastie curve at each oylinder,

Oon pugu 18,19, and 80are plotted the veetor diagrams for
the harmonies of the twelve cylinder engine with the firing
order of . :
1/‘\6/‘ \a/s\exs\j\‘/a_
amd a firing interval of 60° of orank rotation.

The explanation of the”diagram is as follows: For each order
of eritical speed a phase dlagram is construeted, 360° representing
one oomplete vibration. Thus, for the one-half order oritiocal
speed (la%, hamonie), the veotars will be equally spaced around
the oircle as shown on page 18 for the lst harmonies.

For the first order (seocond hamonio) oritical speed, sinoe
one vibration is eompleted in half the time, the angles will be
doubled as shown on page 18 for the 2nd. harmonie. We notioce

that only in the oase of 12th. harmonig,addition %o the intensity
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of 12 times the value for one oylinder teakes place, It is
also apparent that after the 12¢h hamionio the diegrams repeat,
rages 18, 19, and 20 show the harmonios for the l2-oylinder
engine in veotor diegrem, in their respective phases from lst. to
12¢h, and for each harmonio the value of the expression
is determined. Here the setting of the phases of the exoiting
torsion-fa ces to the natural vibration was seleoted, that
o 8in A’, beoomes maximum, which denotes resonance.

The phase setting of the natural vibration is shown by
the dotted arrow in the veotor dlagram, amd was found by means of
sucoess ive trials.

In ourve C31 the computed values for & o, sin £, are
plotted against the harmonies. This ocurve shows olearly the
comparatively resonance defleotions for the various hu‘honloi by
oqually strong excitation and damping. We see that certain
hamonios which neutralize eaoch other in their resultants by no
means neutralize each other in the amount of work., On the other
hand, not all resonance oases can be oons idered as "i;:mm
r.p.m.'s sinoce their magnitude is slight.

In table 6, we give the ocomputation of the walues

nkE &, sin /(7 i
whioh considers the qtthront intensities of the exoitation and,
thereby, determines the demger of eri tieal r.p.m.'s within the
operating range of the engine.

Curve ¢ 32 shows the values of Dk{ &, lin/@, plotted

against the harmonies.
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gurve ¢33 and table 7 shows the smount of work dope by
the harmoniecs of a 12-oylinder V engine taken from ref. No. 3.
This table and ourves were extended from the data contained with-
in the reference article %o inoclude the lower harmonies; amnd is,

in itself, a oheok upon the work eontained in this report.
| Curve C 34 shows, on a larger soale, the eomputed value of
D, & o, sin J, for both & 12-oylinder flat engine and a 12-
oylinder 60° V engine. However, these two ourves are not
comparable as to relative magnitude from one to another.

This preliminary report is a tabulation of tB investigation
oarried on to date; and shows the neocessity of further study in
order to obtain a suffioiently close appraximation of the
natural frequancy of the oramkshars, reduection geer, and propeller
sys tem. :



TABLE NO. 1 SINGLE CYLINDER OVERTURNING FORCE
T=(Ffy;+ F)xRxL,

The values for the gas force used below were tgk.n from Farnboro
Indicator Card No. 6-12-34 No. 9, 206.4 I.M.E.P. :

(411 values are lbs.per sq.in., piston area) f, = (sin @+% sin 26)

1
A& | % :
Crernig fa= [a 7=
77} JHERTIA ExR fxk
wa 55, | e | 505 | ® 55 o
0 65,75 | =227 .2 | =220.,45 | =551 52.80| -1 0 0
15 7.84 | -=214.2 | -206,36 | =516 400.8 | X «3394| 339
30 6.2 | «176.7 | «170.,5 | =426 . 468.3 | 1170 .6395| 748
45| 4.,31 | -121.5 | =~117.19 | -2393 - 346.50| 0666 .6684| 752
60 2.7 |« 58,5 |~ 55.6 | ~139 371.7 679, 1.0065| 682
75 1.57 3.47 S5.04 12.6 242.47 | 607 1.0465 635
90 1.5 55.4 56.90 | 142.2 240.4 600} 1.0000| 600
| 105 1,57 92.4 93.97 235 242.4 607 .8853 537
1120 | 2,43 113.6 116.05 290 240.6 OOgI «7265| 436
1135 | 3.5 121.4 124.90 312.5 230.4 57 »5458 315
1150| S5.12 | 121 126.12 | 315.2 213 532| .3605| 192
|165| 6.8 | 118 124,80 | 32 193 482 .1782| 86
1180 | 8.35 | 116.6 | 124.95 | 313.5 167.6 | 419 0 0
185 | 10.2 118 128.20 | 320.5 150 ~ 375| -,1782|-66.8
l210| 11.9 | 121 132,9 | 332 146.5 | 366/ -.3605 - 132
| 225 | 15,7 | 121.4 | 135.1 338 143.3 358| -.5458 | -195.5
| 240| 16.5 | 113.6 | 130.1 | 3885 132,2 |330.5| -.7265 |~ 240
255 | 20.0 | 92.4 | 112.40 | 281 107.5 (269 |-.8853 |~ 238
:‘:0 30 i 55 .4 85.4 213.2 67. 167 .5/4.0000 <1675
285 | 40 - 3.47| 43.47 | 108.6 12.12| 30.3|-1.0465 ;31.:}’
300 | 60 1 58.3 1.7 |- 43> -51,.35 (441 [<4.0055 g%.
sl 90 |-i21s | as |2 e 181 (5% [C:6s0s|2ve.s
o U | L2V | - - ® - 91.7 P - 4
| 345 |200 |-214.2 |- 14.2 |- 35.5 209.88|-524 |~-.3394|177.6

geded »g
w2 *ued

ST # eFed
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ORD
n v T
—
1 0 0
2 -175 -66.8
3 -272 -1358
4 -254.5 «195.5
5 . =139.5 =240
6 13.2 ~-238
e 142.2 «167.5
8 208 =31 .7
9 211 141.7
| 33 113.5 274.8
18 55.4 177.6
__HARMONICS OF GA SURES NERTIA FORCES
K Ay By Cx ﬂaﬂ
o & ~149 .35 =116.57 189.4 232 deg. 2 min.
2 75.17 231.06 242.9 18 deg. 1 min,
3 1.56 =175.5 175.5 369 deg. 30 min.
4 29.08 - 85,08 89.8 341 deg. ¢ min,
5 38 .38 - 91.54 99.2 337 deg. 15 min,
6 - 39.77 - 39 .45 56.0 285 deg. 14 min,
7 36.57 - 42,61 67.08 519 deg. 22 min.
8 - 36,08 16,53 39.7 114 deg. 37 min,
9 29.77 13.51 32.66 65 deg. 35 min,
10 - 23.95 7.24 25,06 106 deg. 49 nmin,
11 19.43 1.78 19.5 B84 deg. 46 min.
18 - 15,22 - 1.68 15.3 263 deg. 42 min,
13 11.99 - 1,92 12.15 279 deg. 6 min,
14 ‘- 9,02 « 5,77 10,70 237 deg. 24 min,
| 15 7.10 5.16 8.77 54 deg. 3 min,
i 16 - B5.94 - 6,00 B.44 224 dﬂ.- 43 min,
17 3.7 5.01 6.23 36 deg. 31 min,
18 - 3.34 - 4,19 5.36 218 deg. 54 min,
19 1,08 4.00 4.14 15 deg. 7 min,
20 - l.64 2468 S.14 148 deg. o0 miny
| 81 - 0,274 300 3.01 174 deg. 47 min,
- 22 0.94 1,38 1.67 34 deg. 16 min.
23 0.01 1.08 1.06 0 deg. o 34 mil'\.
24 1.17 e 4 b
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TABLE NO.4q
CRITICAL SPEEDS AT VARIOUS FREQUENCIES
irmonic Order of
critical Speed FREQURNGE: e
Assumption | As tion | As tion | Assumpti
f = 63.7 f = 74.8 rfe f:l.ﬂl
3 Rd. 1-1/2 2700 2992 3520 _ 4060
4 2 1910 . 2840 2670 3040
5 2-1/2 1530 1795 2120 2420
7 3-1/2 1090 1270 1520 1730
9 4-1/2 850 1000 1178 1350
12 6 6s¢ | 745 880 1010
L]
TABLE NO.S
MOMENTS OF INERTIA AND PRERCENTAGE DEFLECTION
Mass No. I % Deflection
Slug Ft.2 - -
1 «3715 1.000
2 320 990
3 + 37156 «975 :
4 «3715 «951
5 «320 989
P 3716 «890
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A /. 000 o° P o l6o® | 342 | 242 | Zp0° |, 2848 [ 9848
2-¢ 990 o’ 0 ) 40° G828 | 636 | 2° 242 |.2356
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G¢ | 8% 200° |-.347 |~.304 | o* o o 340° |-342 |-.304 | 260° |-.2848 8765
/- /000 0 | 2397 | 239 | )80° o ) 70° 2397 | 239 | Zéo° |~.2848 2548
| -8 220 230° |\~ %6 |-.758 | /80° o o 30° |-76 |-.758 | 20 | 342 |.335¢
3-2 By o 350° |~.1736 |-./62 180° o o 190° | <736 |</62 | (4o° | 6428 |.0%67
| &£ | .25 170° | .17%6 | 165 | 180° o o /0° 736 | 165 | 140" | 6428|612
| S= | .22 s |76 | we |/80° | o | o |79 | .74 | .22 | 2 | .342 |.3/77 |
| &R 820 220" |~.2897 |~8% | /80° o o ‘250° |-9997 |~.8% | %o’ |-.9845 '.5’75_6'_5
ks E, S 5, + .j05 o 4,105 +.066 |
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oz 72 | & 4574 Wk A |78 8 | A WA
/L 1,000 45° | 700 |.707 | o P 2* | love |loco
| 2 990 45°  |.700 | .70 | 240" | -8 D0° | loco | .97
| 3¢ 975 45° |77 .6% |120° | .8s 20° | 1000 |.975

4-L 251 225° 3707 |.e72 | 170" | Beé 2° - |lovo |.2%
. 929 225° |70/ [~.657 | 240° | -.86 9° |joo0 |.972
| &< | 8% zz25° =720 [".622 |o ° P° | loco | .8%
| ,-# | L.ovo 125° .20 | .70]7 | /8° | o A . 2° | 1000 |looo
Lz | 9 35 lgop |7 | 6o® | Bes | 858 | 1400 | .é#28 |.636 | 90° |1aeo | 290

3-R | 975 | /35° | .77 | 6% | Z00® | -Beb | =845 | 260° 9848 %o | 90° |joc0 |.975
| 4K |28 | 215° F207 472 | 200t |-86s |-824 | B0° | 2848 | 276 | 90° |00 |.25/
| £-# .22 | 25 707/ [.65] | ¢’ Bo5 | 300* o428 028 | 90° | losw |.972
e 1 A% | 315° 70U 629 | 180" | o o0 |Zo* .34z [ 304 | 20° |iceo | 8%
=  Ex,5mA 1 +.278 o +.105 +7/.47
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Table No. ¢

Computation of the amount of work xk

D.Re 7
£4 pages
Page 21

12

m.:ig 8::2{.:{ 01, BES o! «,8ing I Dkﬂminﬂi

1 1/2 189.4 | 169.4 106 | 19,9

2 e | 242.9 | 60.9 TP

3 11/2 | 175.56 | 19.5 278 | 5,42

4 2 89.8 5,56 .066 367

5 21/2 | 99.8 | 3.96 +108 416

8 3 56 1,56 0 0

7 31/2 | 67,08 1,18 06 | o122

8 4 39.7 .62 1066 | .04

9 4 1/2 32.66 395 278 | 011

10 . 5 26,05 +260 0 0o

11 51/2 | 19.6 .61 0106 | ,0169

12 6 15,3 106 | 11.47 | 1.82

13 61/2 | 12,18 078 105 | 40073

14 ? | 10.70 0546 0 0

15 7 1/2 8.77 <039 278 0111

16 8 8,44 20329 066 +00256

17 8 1/2 6.23 .0218 .105 00226

18 0 5.36 .0165 0 0

19 9 1/2 4.14 0115 105 | ,00121

20 10 .14 .0078 .066 .000512 |

21 10 1/2-| 3.01 0088 | o278 ".o_ozéo__!

22 11 W TR e

23 s | 1.08) 0w [ 0s | o0 |
1,17  ,0020 | 11,47 0229



COMPUTATION OF THE AMOUNT OF WORK DONE BY THE

TABLE No.?9

HARMONICS OF A 12 CYLINDER

order of

De«Re. #-"7‘
24 Pages
Page 82

oritical Speed| Ex |[Dk e -:-% Zx,84n 5

1 1/8 20, 2000, 0.70 1400,

2 1 20, 500. 0.33 168,

3 1-1/2 17. 183, 1.78 320,

4 2 3,90 84.4 0.18 4.4

5 2-1/2 10. 40, 0.88 35.2
[ 3 2,55 7.10 0.00 0.00
7 3-1/2 6.20 12,60 0.88 11.30
8 4 3.90 6,10 | 0.18 1,10
® 4-1/2 3.70 4.57 1,78 8,00
10 5 2.90 2,90 0,33 0.95
11 5-1/2 2.30 1.90 0.70 1.33
12 8 1.90 1.52 8.58 11.30
13 6-1/2 1.60 0498 0,70 0.67
14 " 1.30 0.66 0.33 0.22
15 7-1/8 1.08 0.47 1.78 0.82
16 8 0.90 0.35 0.18 0,06
17 8-1/2 0.70 0.24 0.88 0.21
18 9 0.50 0.18 0,00 0.00

Note:- Part of the above table is taken from reference no.3 and
the values for the firat 6 harmonics caloulated from the
data contained within the reference artiocle.



 DeRe 02
24 Pages
Page f 83

1. "Vibration Characteristics of Airoraft Engine Crankshafts",
A.CeIl+Ce Report No., 664 by Ford L. Prescott.

2. "Vibration Problems in Engineering" by S. Timoshenko,
D. Van Nostrend Co. . '

S. "Torsional Vibration in Vertical Bngines" by A. Stieglitz
Luftfahrtforschung, July 24, 1989.

4. "Torsional Vibration of Airorsft Engine Crankshafts” by
We G. Lundquist--Aeronautical Lngineering Vol. 5, No. 3.

S."Torsional Resonance Charaoteristics of a Twelve Cylinder
1:: ;o:o = ne", British A.R.C. Report #1304 by B.C. Carter
a oS . s

6. "The Geared Marine 0il Engine" by C.H. Bradury, British
Institution of Mechanical Engineers, Proceedings 1933,
Vol. 128, Lk "

7. "Graphical & Mechanical Co uun'-. Part Two"--Exm rimental

Data, by Joseph Lipke., John Wiley & Sons, Ino.

8. Continental 0-1430-1 Engine Design Report No. 58 "Fundamen tal
‘Frequenoy of Torsional Vibretion of the Crankshaft and Re-

duction Gear System", |
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