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A Study on the Comparison between the Theoretical and the
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"Torsional vibr: tion problems of the Diesel engine crankshalts have been studied since about
1920. Actual Liesel engine crankshalts are so different and complicated in shape and dimen-
sion, that scme empirical formulas, not the theoretical ones, are used to calculate their tor-
sional frequencics.

I[ their shapes and dimensions are very different {rom ordinary ones, these empirical formu-
las are unrcliable. It will require a lot of time anl measured records to derive their new
reliable empirical formulas. In order to eliminate their inconvenience, a theoretical formula
of any single crank throw is derived in this paper.

A table shows the influence numbers and their reciprocals for five different kinds of crank
throws. The reciprocals mean the stiffnesses. The stiffnesses ave calculated by ceneral empirical
formulas and author’s theoretical one. Except the value of one kind of crank throw, the other
theoretical values are rather nearer than any other cmpirical ones to manufacturer’s calculated
ones, which may be considered the most accurate values.

By means of applying this value to Holzer method, the calculation o{ natural {requencies
for a real shaft system ol the ahove-mentioned kind has been made. The result has shown that
the theoretically calculated values are slightly ncarer to the measured ones than the manufac-

furer’s calculated ones,



—_ 14 — A (2)

LF

SA A KT (el wek HiksE kRe]l LR Hsl Hel ATY AH7Te] Diescl
gl tigialAl Hgeh ol 1S Diesel S KLY W) fkE WIS MRHEEY 2
Eepbshe] olol A WIPENT ol T RHMiMie]l ®a, MRS Rz Abz] orE Al m-$ HEEINY
MR o] ZsiabA =9

Diesel ##] mLeb=iie] ») LM WS AL KMk 1920000 B8 MFIAH, HIE6e] B iR
o {f Holzer fif)o] ko, Geiger Byl %o Jash Wuish Yhe) (K3 viFes
FURIAAE S JLMn RS HEET 5 oA Ay

aafe) MRS B e Airel YIRARE Ik KBRS MNstz Ytk ol &9
MRS A zhaiie] ket 2oh fioke] sk BUER ERIL & o (iltkol sl 2
Z‘l°lf—‘%, ol (ko] MWHT F A= (MM E M2 RBAE @7 BAAE K g

R ol el @ FNE WAE T AR ABXLAAT Hishel v Es W8 55 Grirst

Bl BED achaike) ¢ W MIPEG N FHe TAme s Reta of MKl KT il
o) [ IRE Ok KRR Aeah [ i) T oke] &S ikt at ol o

N

2. I3 gRkel Btk
aahe Wik Hie] MEN MR Y B SR EHES BBk . o

o] o]AL YiFstm o o sty wf’/ﬁ}}é% gogle, it mukailhd Lifsks weglel &
PHECE (RO O MeE = s gfister.  webA HIihEsE AL ERE By S A
AR E o33 o] Fiffibg ot

(D W EF KRB QA= MR e SIS Wisl o weld o7 4= fmil

{i—'}_;}_ (1) %

-_JW T 3;-
J: o




(3) — 15 —

(2) mshafiie B - 2z 22971 #i08 Jez BEdd@ad 128).
(3) #2259 g Aejde fupsla, o Yialle fefiiazd oz #ifvsdl TR I
JiSide o

3. HEBRY

W S RES St dibhel glel A, el Wbk Mook dEe) R Pk meee o
o, olHe WY EARSHS KT + Aok 2 ED BEGEKE BAY #yE Fed L
g moa% wabch —fveR AIMGERE K ket dad o) ¥ 5 PERES
K b o2 ¥E HIKGEEE Kete Zol AR

o Wi A AT B aga ~2$E 28 2(e) 0 2 AEHMEY o2 Castigliano & i
e Mo B ifr 2eas myle He X £ v EEM 5 WHIRK et
K 5 oglm, ol myE ulEd MWIMEREE MR T ST
/ U z
.,/“ ‘/ r SN ! .
g = -B——*X {»
@ ¥ A”::-—-a = b fﬁ; (‘ f=l Y
ANCY ,:, e A
2

i’ l
— L &6 —x Oy
k (b) T=l
z Ra‘{ M
] |
- Z
A’/ 8_1\ )
::; (C) v T=1
] . *
z — - ~Tagy Xz A
p = ”’1/"’ i “11/ = B'?‘:{"’ "_—\/_ 0/}
? ) T=1
e =] ,l"‘ — - J’SSY
2 =" e B[
1
a7 2

BRI CNEC IS
Aold ol e ) TSk A e g




— 16— (€]

TRIER: 2ol A WS Lie BT B 1Y 2009 ol Al
jisehet,

Wy am 3 Biie) Wik FIRRES By oS Hil B4 Wify B2 niy-g o
o X-# Bo)9 B (2 200), and AlE B Mlrzoas mule 4 BEe W
MLTFE Aok Fe R MET 9, B BESE Y-l BAR 07 Rer 2 K614
e VB (19 20a), 0), (el ek shul, fkiliom Msted Ul BY MIBGHRS K
S, W RE MR Biel Mfie e s 5989 Z— e 1% ) Rez(Appen-
dis [(O)BH0E &0z L BRI Mreoa s uded B 975 X %
Sl @

(e R 4 R (1)

4. RERYS FH

@, aro i NS GAA 8 33k 2ol BUne MEfydie = Iusta o) A-S Kk
CastwhanO«l W) (Rshd, g R ), ez ol (g ) ko) A e fEHI oz e
e ), Bea)em Ml A REAshE SN GRS EstE dds ), &

LA)o 8 KIS oz




(5)

A4 7] A

el

2e Jjiom a9 39 B

9

_ Wi
d= aP
Wi= A st | 2]
pP=3
4=5E{y
de
W"‘S 2EI
_. 9 ( Madx _ oM N ax_
d=3p ) ToEl “SM< oP ) EI

4478y Bty (der) 5~ Castigliano o M-S

o= (3
dor= [ M( SN

B o) X—é'ﬂ J Bl 1’{1{\1 2o a8t s

- SENIES skshe ohgwk gk

_1 7 —

é’}+SM(—g%- %’IL .......... e )
FST( GPEI; ................................ 3

9 =1 Ts, :Lﬂ];z. Y-dife] 4

Table 1S Eiiig Bl Wifr o3, A o=, ozl IS mile =9 KEHK

Aol #iilm e m el o m s Al
Table 1

Secti-| x=0 LE | Moment(M) Torque oM | oM | oT | 8T oM | oT_
on at lasing Pez | Pay (1) 3Psz | aPsv |3Psz|Psr oTs aTzi
BC B | B->C| Ppzx Ppyx Ts+1 J: x x 0 0 0 1
| ¢ con| Paa Por o | pava |l |0 Aa\\ -
DE| D |D-E| Psz(a+tx) iPBY((Z‘{“x) ;Pj?;«sﬂ) (a+x) | (a+x) 0 r 0 1
EF | E EE-»F Prz(a+b) ”_‘?TY;H) Psy(a+b) i(a+b) —r 0 |[(a+b) —1] o0
FA| F |F>4| Poz(atbtn)| Por(atbsn) F200 0 @hl {@xb g 1y g | g

Psz=0, Per=0, Te=0203 F1
I (a) 240

A@) el (RI&3 e K& 27 aw & o zrh (Appendix

220 b W e,
R T L ) ) @
o 7] ) A
E = ifesifith: 6 4



— 18~ (6)
G = B3 M (R
Juji=Held W a9 Miifre$n e
L==z%tg 49 X-ifd) g Besde
Ji=li=T4d AFd e N)e &3 o] (il

Table 14 Bl Wk (8% Psz, Per, 283 {4MlEom Ts 5 002 B3 K(3)d
Kgsted By AT, Bl A el Y-kl ‘B4 B der & w23 2w (Appendix 1(c)
B,

ar br
Apy = *ZE,I‘ e ol ,G,jz ................................... (5)

Ji=l=] % ASaE KG) & e 2ol Wt

- RAVIX MA\NN\LLLLLY &V // 7 O ’

dy=—=% oL +Gj(l a) (5"
2L Jitkea Per=1, Psz=0, Ta+1=0% Table 1¢] fCASa K(3) e st £ire &
{73k, B el A Y—!I*IHOH BirebAl W g W) Yool 7R BA day B A5 g

v Appendix-I(d) %)

OBy = ——— 3EI (8a*+-30(+a) )+ w5 3E1 (3a*4+-b(l+a)]

+

Gj ........................ 6)
L=L=1 Ji=h=]4 A%de RE)& ch&3 o] 2}

By = 3E1(8a-+6abb+bw-+ 357 -FG] (2a°-+bl) +-GU-(l—a) ------ (6"

o 7] ¢ 4
LL=Aed 4 ¢
Ja=ct'w
=k filjie FA
w=5re]
c=w/t o wop GESR] = . @
81 dar+-Rey dsr=0 <l oz 1K) Rov 3 #(5) b (6)o.z el oo ol g gleh

JER T

Rey = BT e (7

581’

ul2}4 Table 1 ¢ A B el gk fli el = A 29714 Pov=Rpr, Tet+1=02 - {CASFAL S\
@ (KBS Bre Y Bl Rer & Bal e 475 959 an s K9 2 g



(7 - 19—

CAppendix I(e) 2],

- 3 ar , br N\ syt
aYﬁ—RBY(zEIa eld + o )—RBY Ay = e (8)
L4 K@, G), 6), 8)& fLAstd
37 ar br
wom (22 ) \aEL*GrtGr ) ©
o=\GJ, 6L T EL T Coaras PN )
357 8a+3h(1+a) )+ 557 (3 +b(l+a)]]
4 r . ar’ br
+3?;TG+G“]‘: (2a*+-bl) +- G, GJ. )
L=L=1 J,=],=]< A%d=
= (b o
%o = (Tﬁ o)
3r’ r ¢
. Getgt-e) o)

1

3 3 A’L | W 2 r’ —

5. BUEETE

gl A(A), (B), (©), (D), ()9 Table 2 & #M WEHY ada 2295 Zrgd. o4
bz 2299 MARES] e 4B A EET Bale = ket (Appendix [ 2H), ol &
ke feERR " o2 d P LEs] B A Table 34 #inshdl At

I

o}

)

£

%
M

P

iy
182
h
163 —4 1 67—~
335 —.

gl 4(A)

— 980 —J




- 20— (8)

f
%

s
e

370 ]
|

410_] 365
p—T75

g70g

’

610

oz 4«(D) 2 4(E)

ada 2z9e RMEERE CENG B 97 B kEm GET S 0E BH K
(el (BT BRI ot MesfEe R

Table 2
Type d; mm i d, mm w ¢
of P.S. Xxrpm l b a r = e mm mm
Engine mm mm mm mm | outer | inner | outer | inner
A 1,600%X275 670 334 168 310 295 275 390 142
B 6,100%x137 | 1,350 600 375 625 490 490 765 295

C [8,000%110.5| 1,350 600 375 l 800 550 220 550 220 |1,000 295
!

D [12,000x118 | 1,420 695 362.5| 700 570 72 570 72 890 306

E |23,000%115 | 1,550 730 410 800 670 72 670 260 ’ 890 370
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Table 4
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One Node Vibration

Two Node Vibration

Frequency(cpm)| Difference %

Frequency(cpm)| Difference %

Measured Values 376 0 1,017 0
Manufacturer’s Values 388.3 +3 1,053.4 +4
Theoretical Values 378 +1 696 ~—2
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a=33.0 cm t=28.0 cm
b=66.0 cm w=105.0 cm
r=80.0 cm G=8.3x10° kg/cm’
[=132.0 cm E=2.1x10" kg/cm’
4 _. i
J= ”{(55)32 22" o 87x10° om'

I=%=O.44><10s cm!

3
Iaz_fwm=w_2 71 % 10° cm'

Jo=ct'w=0.277x (28)* x 105=0.64x 10° cm'
o 135 2% 80

“”“GJ BT = 8 3%10°%0.87x 10 T2 IX10°x 2. 46X 107
=2.175%x 10" rad/kg-cm.

3
dor=-5p1, ](’ @)
_ 3% (80)° 80 .
= X5 %10 x2 46X10° T 8.3%x10°x 0. 87X 10° (135-37.5)
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_ N _378 _
N=378 cpm, o= 9.55 = 9.55 =39.6
¢=rw'=1,570 r=1cm, GJ=101 kg-cm?
I&Oésgf m mq*0 ] mqf >mqf l‘z_'gz_]qfﬁ
X 107 [ e X 107 —"
1 41, 155 6. 45 1. 0000 J 6. 45 6. 45 1 06 0. 0063
2 82,112 12. 90 0. 9932 12. 80 19.25 1. 06 0. 0204
3 82,112 12.90 0. 9728 12. 54 31.79 1. 06 0. 0337
4 82,112 12. 90 0. 9391 12.10 43. 89 1.06 0. 0466
{

5 82,112 | 12.90 0. 8925 11. 50 55.39 1.06 0. 0588
6 g 54, 963 8.63 0. 8337 7.20 62.59 0.65 0. 0407
7 54, 963 8.63 0. 7930 6. 86 69. 45 1. 06 0. 0736
8 82,112 12. 90 0.7194 9.28 78.73 1. 06 0. 0835
9 82,112 12.90 0. 6359 8.20 86. 93 1. 06 0. 0921
10 82,112 12. 90 0. 5438 7.02 93. 95 1. 06 0. 0995
11 82,112 12.90 0. 4443 5.74 99. 69 1. 06 0. 1057
12 46, 067 7.23 0. 3386 2. 45 102. 14 0. 95 0. 0972
13 41, 852 6.58 E 0.2414 1.59 . 103.73 ! 8.60 0. 8300

| | \
14 \ 13,820 2.17 |-—0.5886 —~1.28 | 102.45 3.92 0. 4030

e { IR SO ——

[

15 ’ 656, 959 103. 00 ‘ -0. 9916 |--102. 00 ‘ 0. 45 |
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N=996 cpm, =9—,Aé€:%:104' 3
¢*=rw?=10,900, r=1cm, GJ=10!" kg-cm?
ﬁzs:f m mq? 7} mqf Imq'0 ! . l;’r;nq?ﬂ
GJ
X 10° x 108 X108

1 41,155 4.48 1. 0000 4.48 4.48 1.06 0. 0475
2 82,112 8. 95 0. 9525 8.52 13. 00 1. 06 0.1377
3 82,112 8.95 0. 8148 7.28 20. 28 1. 06 0. 2150
4 82,112 8.95 0. 5998 5.37 25.65 1.06 0.2720
5 82,112 8.95 0. 3278 2.93 28. 58 1. 06 0. 3025
6 54, 963 5.99 0. 0253 0.15 28.73 0. 65 0.1870
B 7 54, 963 5.99 |—0.1617 —0.97 27.76 1.06 0. 2940
8 82,112 8.95 |—0.4557 —4.07 23.69 1. 06 0. 2510
9 82,112 8.95 !~0. 7067 —6.32 17.37 | 1.06 | 0.1840
10 82,112 | 895 |—0.8907 —7.97 9.40 1.06 0. 0998
1 82,112 8.95 |—0.9905 —8.87 0.53 1.06 0. 0056
12 46, 067 5.02 [—0.9961 —5.00 —4. 47 0.95 |[—0.0425
13 41, 852 4,57 |—0.9536 —4.35 ~—8.82 8.00 |—0.7050
14 13, 820 4 1.51 |—0.2486 —0.38 —9.20 3.92 |—0.3610

15 | 656, 959 l __7“1. 60 |+0.1124 8.06 ~1.14 )




