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A Study of a Simulator for Piston-crank Mechanism
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Abstract

A lot of recent researches have shown that, in control engineering, it is quite effective to
analyze the complex mechanical systems, particulary vibrating systems, by means of the electrical
analogous method which simulates each mechanical element with equivalent electrical circuits. In
the study of such a simulator problem, however, there still remain much difficulties unsolved
such as how to deal coulomb friction, how to linearize nonlinearities etc.

Here, the author intends to analyze theoretically a 4-cycle internal combustion engine by
electrical analogous method. In this paper, coulomb friction was linearized to the equivalent
viscous friction in view of loss energy and weight of the connecting rod was divided into two

parts so as to symplify the analises, and a special generator circuit was used to trantform the
reciprocating force to the toique.

Seveveral theoretical analises showed good results as expected.
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p : Pistond] jnsi =] = 2B/ (kg or 1b)
W : Piston®] ¥4 (kg or 1b)

W, : Connecting rode] 4 (kg or 1b)
We : JBEM 23 K9 BEY FA4 (kg or Ib)
w: A=A Crank 5 (rad/sec)
s : Pistone] #{; (m or ft)

¢ : Connecting rod<]

fiE £ (rad)

¢ : Cranko] FHEffo] ¥3l HEEA (rad)
F: - EE8 et e T (kg or Ib)
W/ B 5% EE (kg or 1b)
We/ : e @i & (kg or Ib)

p: : Connecting rod2 {#3lx] = ¥ (kg or Ib)

d : Pistono] B (m or ft)
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d, : £#he] EE (m or ft)

d, : Piston pin® E& (m or ft)

g EMHEE (m/sec? or ft/sec?)
d. : Crank pin®] E&K (m or ft)

a : Pistono] JpERE (m/sec?, ft/sec?)
r: Crank & (m or ft)

S
q=—,

7 HEEER) O] KEHEIKIT (kg msec/rad, 1bftsec/rad)

c: HEER] Ktk (kgsec/m, Ibsec/ft)

v : Pistone] S (m/sec, tt/sec)
o,/ : Connecting rod®] K74 77 (kg or 16)
~ 76~



PISTON - URANK MECHANISAle GAT L e T Wt e

: FEEST RS S =B (kgn sec’, Ib {1 sect
W, oo of 2] 4

N
roo [l

r * Piston rings: R R

il (kg or 1b)

tm, ft3

E5F s 31 (kgpsm, Ih/ft)

€ Connecting rod <) el oimoor i)

(51 1)
“Al Comnecting rode] ifgr W, ol fE
2 Counecting rod< ot Aah sbp o I G0 0 gy

=

¢,
=W

Lk M
ek Comncung rod i 4 Pistonsy Cranks] [Fliete o & (Hugenel prpp s
ol rode /:;ci Plbstef sfg xia w Hinge 7o) Clearances 4] Ao %) rodsl e
LAl el filite] e o & WA w2 ga mv) gfel ¢l o w };{.f:i 4 e
Ao mjaro ] Piston pinst Crankpin 12 FATE G B2 g et i — s
LRI AT KFS o Higystsef o) o 2 R % f;n,s%.vr?i ;uMw FER () 1?' L SVa

¢t
TR MY o

P—p, cos g—F= 'y

d o~
= e () -
| ]

77
P—p, cOs ¢p+F= V:g d

a | -

SN Fs el ol gt ye o) 2 = Connecnug roas) 109 ey ¢
Piston Ringe] 4 #ivf 2 g ST ol 9% e (o m P

Fe= g (mdpe+- (W ./ +p, sin e oy

(2)% (N 4 p, & o 2y W/ Lpsia go) x50

S I A S B A e R L IR

Gralmsel ald fim et o



) MEAEAS KB R H1E
4 sin ¢>0 o] i
po>00] L (FE2Ee] AHE) W./-+psin ¢=00] 2
p— mndpg—- W,/ (,U1+—Z.—)
p:r= o8 ¢+’,¢l sin ¢ .....................................................
® p:<<O0 W./4p. sin ¢>>0 oj®
p—plﬂdpn—Wr( m+—2— )
pr= COS ¢+‘ul Sin ¢ ...................................................
® p.<0. W./+p, sing<00]d
p—ﬂlndpR-}‘Wr, (ﬂl—% )
pt= COS ¢_#l Sin ¢ ...................................................
(ii) s 2 Eo] FH4 £= BETE
o] W& ¥4 sing< 0
® p.>0 W./-L-p.sin ¢>>0

e i T R R R R R R AR

P s qS 1 sin ¢
® p.>0 W,/+p, sin $<0
P+l117fdpk“wr'( #14“2—/
De® T EE B B B S S
® p<0 W/ 4-prsin ¢§0
p+undpr+W,/ (#1"“2‘)
pr= TR G e N’/ / A
WEY EEEHEA Y MY EHRE Fo BEEe 4 giKiid g Ae= Bt
AT, KL o] AE B EED EHC TEHIL &L I ot BHMN PES 7l
AE AL BHER T U9 HANAAE AT MR FAE EEBCl B 9
omz %AW WAKHTOZE ¥+ o Aold  2¥T A4 mEN EE KA
WHEH Do 2% 2 A o= Folzta 2E o= MR EHNo2 oA He ALY
A e Az F—dok sx WHERS SEI S Koz sHEd o)+ EUR REIRD

Bitto @ MHTE 4 gomz (32) o]¥A v fst e T Ag AUl g
cSvds= SFds+ Scos(tan")ug) IP,]—%dq&
o] F& Kl o T o HIMI(1At0lE) YA H& R4S &K Fob Piston pind

il A Al Aol =

A mwEie2 ¢ e #kS Zde B

_V.
£ w,!g_/_
B 4 "

(% 3 W)



R

: L, . 8 .
-=prisin A4 ~~,}~Sm 20)

'
i

I .
LRI ROR TR i
) . P ot | I e el ol
TR bt i ¢ B é{i.\l‘}.“q‘} /Al"‘

%’1[%:‘

arm,

Uit el e Crank oping G-t Crank

Jalmee Weight 0y
Cotnecting rodel R

PRI P BT
SRR i




® HEEEAR K RE S18

= [Wc+ W ort=

Crank pm°] e g -?: p,2} Connecting rod¢] ##EByM/ro.2 YUY TR = o HA
o o2 9 e wuNe Al Hielsh = Pins} Bush 2b9] Clearancet 4 5. MBI
4 047k HAwk —7Rph tez MBHAA #HRH b HEE HEEEae 0z »d
Crank pind] 4 o114 H= o T,

W/
g

. ) :
T1=‘%Cos(tan—lﬂz)#zd: , f JJ (pecos— {g‘» Wirw'cosd) -+ (psing+ - Wera'sing)*do

Main Bearings)] 4] &= @9 £HER Wo(Connecting rode] el EEE AF)Y BE
o ©]§ &L 17 Connecting rode] 4 {dis]-& 3¢ ulowm=z ore] JFikd wel Moz [N
A dA He d T,%

T,= —%—cos(tan"‘,uz)ygds S «/(Wo— V—Z‘?rowzsinﬂ— p. sing)*+ (p, cosg— —VSV{—(’row‘2 cosé)dd

................................................................................................... (10)
utehA RIS
1 78wd0=T,+’rz 7= 1;';&}2 ......................................................... (11)

2 5+
Crank pin3} Flgwheel 4}o] 9] #h3} Crank arme] ®|-E% EpEERE (73] HERF oA &
jE#% Comprience ¥} (8 5) Fly-wheel7ha] f3A4% SEEKE H5EST 2+t

(658

N.& A

2% Briggs and Stratton Corporationd] 4 ${Fd TEEME BEHHMA /) Gasoline o7 4
il FAAA 2oz sgc (2 ah A5 BeE 2R) o AA L e dET
d¥ AT HeF Zh

W,=1.74 b

W.=21b

Wo=75. 5Ib(Crark pin, Crank arm, Balance Weight, gear, #°] §7 ¥ Flywheelo] F-#)

d=3.5"

d,=1.593"

d.=0.812"

d.=1.359"

r= 2 ".;7('”

£=9.938'"

-80-



U TS T

6 W

{1

PINK Rdi

&

9

o




® BRERFAS KB AL $18

CRANK_SHAFT s-4
e |

MASS CENTER \
s

oF OnLANE WESHT

GEAR f
PD2E
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