Uux. I'. 1. TEPCKOB.

K BOMNPOCY Ob YPABHOBEWIVBAHWM
THATYHHO-KPUBOLIUIIHOIO MEXAHU3MA
YBGOPOUYHDBIX MALIWH.

Beejpenue.

HecmoTpa Ha TO, 4TO TEOPHS IIATYHHO-KPHBOUIMIIHOTO MEXaHU3MA
BooOwme B Hacrodulee BpeMs pa3paboTaHa AOCTATOYHO NOAPOGHO, MPHU-
ME@HEHHE €€ K CeJbCKO-XO3fCTBEHHBIM MalUMHAM A0 CHX NOpP CTpajaer
HEeKOTOpPOH HeonpeneeHHOCThIO.

Jloka3aTenbCTBOM 3TOH HEOMPEJAENEHHOCTH HANp. MOXKET CAYXKHTHb
TOT (PaKT, 4TO NPH OMPEeNeJEeHMH CHJ WHEPIIMH HEKOTOphHIe aBTOPHI pac-
npeneadioT Maccy IIATYyHA: HA TOJOBKY HOXA —2/; U Ha Mmajen KpH-
BOMIKMHA — !/; MacCChl; Ipyrue XKe pacnpenensiorT C yIYeTOM MNOJOXKEHUS
UeHTpa TAKEeCTH.

Kpome TOro, uaorja MO:XKHO BCTPETHUTb YTBEpPXAEHHE O TOM, 4YTO
nPH NOMOILM JABYX NPOTHBOBECOB MOXHO (TEOPETHYECKH) MOJHOCTHIO
VPABHOBECUTb IIATYHHO-KPUBOILUHMHBIA MEXaHH3M. ‘

Hacrosmas pa6ora uMeeT LeJbI0 BHECTH SICHOCTb B JEJO NPHJO-
XKeHHUA OOLMX BLIBOJOB MEXaHMKHM K WATYHHO-KPHUBOUIMIHOMY Mexa-
HH3MYy yO6OpOYHBIX C. ¥. MAalUHH H KPOME TOrO BHISICHHTH KOHKPETHO,
KAKAX BEJHWYHMH AOCTHralOT CHJbB HHEPUHMHM B 3THX MallHHAX.

I. KKHEMATUKA LIHATYHHO-KPUBOIIUITHOIO MEXAHU3MA.

A. IlaTys.

PaccMOTpuM 1LATYHHO-KPHUBOIIKMNHBIA MEXaHM3M B HEKOTOPLIH MO-
Ment ero apuwicenus (¢ur. Ne 1), Korza KpHBOLIMI COCTaBASIET C FOPH-
30HTAJAbHOH JIMHHEH yroJ

g el G o vt

rjae » yraoBas CKOPDOCTb KPHBOWMNE, KOTOpasi, BOOGILE roBops, Me-
HAETCA B HEKOTOPHIX Npeaenax; HO Mbl ee GyjaeM B JaJjbHefmeM CYH-
TaTh 1OCTOSHHOKH. [Ipn 3rom, ecau 7 — 4uca0 OGOPOTOB KPHBOLIMM-
HOTO Ba/a, TO YI/IOBA9 CKOPOCTH onpexensercss Gypmyaoit

w:z——.............(Q)
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B paccMatpuBaeMblii MOMEHT DIaTyH COCTaB/SIET C FOPU3OHTAMABIO
yroan Y. 3aBUCHMOCTh 3TOF0 Yyraa OT Yrjia ¢ OfpeAessercs U3 CaeAylo-

mWUX coobpaxeHuii:
C OAHOH cTOpoOBl M3 Tp-kKa ABA,

AAl - lSrl d{,
¢ Apyro#t cropoust u3 yerhipexyroashuka AO, OA4,
AA;=a-+}rSny.

CaenoBaTtenbHO

ISnd=a-}rSny
WiIu i

 Stia) == (l—{r—lr;_lﬂp MO T e S
BBozas oTHOUIEHHS
’ st gl e MR

r e 7

MOJNYYHUM

St vRA-Sng) . e i VS 9e)

Bosbmem Ha waryHe AB kakyio Hubyab NPOH3BOJABHYIO TOYXy N,
JeXAamyl0 Ha pacCTOfHUM X OT naJjbia kpusomuna A. Koopaneath
37T0# NPOU3BONBLHONH TOUKH OYAYT ONPEANATHCA 3aBHCHUMOCTSAMIU

x=uCosy—rCoso
:(l—»u)Sn'}:

MM, UCKJAIOhAs OTCIOAA yroJa ¢ npu nomouu (3a),
NOJY4NM } \

x=ulV1—x(k+Sngp)?—rCoso
2l IR SN e ol e

T. K. BTOPpO# 4/JI€H NoJi KOpHEM OuYeHb MaJa MO CPABHEHUIO C eAuHuLElH
a UMEHHO HE IMpEeBhIILALT:

aas kocuaox = 0,13

U anas cHonossidanoxk — 0,20, ;
TO Mbl C AOCTATOYHOH JJIsl MPAKTHKH TOYHOCTBIO (¢ oMIHOKCH Menbie 1%)
MOXeM MNPUMEHUTb NPUOJIHKEHHYIO (POPMYJY IJs  U3BJCYEHHS KBal-

paTHOTO KOpHR: }/] —§ ~1— -;-6. Torza

2 A2 A2k2 : A2
VI—REFSngp=1— - (ktSng)t=1————ikSng— Sn‘.
A Tak Kak
R g ¢
Sn e Cos2¢
TO
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Toraa ypaBuenust ABHXeHHs 11060 TOYKH laTyHa OyAyT HMETb BU/:

A2 b2 22 : A2
Xe=g 1~—-»—-—-~--~—-——A2kSngo+~—C082<p)-—rCosgo
2 Bl 4
2=l BB BIOE i o e iy st it D)

[lpuanmas Bo BHHMaHWe Bupaxenue (1) u aupdepenuupys popmy.in
(5a) mo Bpemeny, HalfileM ypaBHEHHS CKOPOCTH M060H TOYKH IaTyHa.

dx A2 |

T el B ECd e S T) anaJ

dt U{ ( 2 2 oes

Zj ——w(l—ll);&cosf? - . . . . . . ° ° . 9 . . (7)

B csoio ouepenn, auddepentupys (7) no BPeMEHH, HalaeM ypaBHe-
s yCKOpeHus /060 TOYKH LIATyHA:

Zif —_ (0)2.[u ()\2 k Sn ©— A2 COS 2 CP)+ I’COS (P]
2
.ggw—:__w?(l—u)}.Sncp P g PR SRS U e .(8)

B uwactaocTH, ecan ueHTp THkecTH IwaTyHa pacnoJoXKeH Ha JUHHU
AB (xoTOpyio Mbl B JAanbHEHIeM OyaemM Has3biBaThb OCbHIO LIATYHA) HA
PacCTORHHMM § OT nNanbla KPHBOWIKIE, TO 3aKOH MABHXKEHHS LEHTPa
TAXECTH 1ATYyHA ONPEAeNUTCS YpPaBHEHHUAMH:

X, sls (b N S Tl iR ek 7 Con e
> 3
R =B iBaRy S D i e o i T

~

© ALY
tvm o

32
rsw-—s(chsq-{——"Q—an@)J

e

v, =0(l-=-8) Cosp . ", . . ;

w

Jiu=0*[rCos¢ s (A kSne—22Cos 2 )|

s

Vs e g i S ¥ 12 W T B e i R Sy . (8a)

ek U U

Popuyant (58), (7a), (8a) morau 6B MOJHOCTBIO XapaKTepHU30BaTh
ABHKCHHE IIATYHA TOJNbKO B TOM CJyyae, ecad Obl WIATYH ABHraJCH
NOCTYNaTenpHO. HO Tak KK IWATYH HMEET CJI0KHOE IBHKEHHE, KOTO-
poe MOxeT ObiTh, COTVIACHO 3aKOHAM TEOPETHYECKOH MeXaHHWKH, pa3-
J0XKEHO HA NOCTynareJbHOE M BpallaTenbHOE, TO B N06aBACHHE K Bhi-
WEYKasaHHBIM (OPMY/IAM HYXHO /[aTh 3aKOH BPAallATeNbHOIO ABHIKE-
HUA 1WaTyHa.

Ouesnano (u3 dopmyas 3a) yroa ¢ usmeHsercss mno 3aKOHY:

Yrmarean kit L 8uq) - v i b 0 @)
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VraoBasi CKOpPOCTh Haiizercs aAnddepenuuponannem popuyis (9)
e Ao Cos g
dt V1—M(k+FSne)
H3pnexast npuGaHKEHHO KOpEHb KBaJApPATHBIHA, TOJAYUHM
1 A2 k2

A2
o P o
g g e e Tk s RS 7

+k2k8nq+%—}i—C032cp.

Torna ‘
d¢ A2 k2 A2 A2 g
~f —)rwCos¢|l +——-+A2kSn — ——Cos2%|. (10
Y —ruCosy |14 HikSnp o — - Cos2e . (10
Judppepenuupya (10) noayuum yrzaoBoe yCKOpEHUe IaTyHa
d2y AMpa . ]
=hro?2| 2k Cos2¢0—(1-}- — A2 A2Sn2¢)Sne | . (11
=he p— (12— i S Sng) Sng . (1)

B. KpuBomunm

KpuBOIIKI, KAaK yXe OTMeYanoCh, HMEET PaBHOMEDHOE BpallaTe/b-
HOE JBHXEHHE C YrJOBGH CKODOCTHIO ®, MPHYEM ypaBHEHHUH, Xapakre-
pH3yIOIIME 3aKOH IBHKEHMs Nalbllda KPUBOWIMINA, MOTyT OHTBH MONY-
yeHn M3 COOTBETCTBYIOUIUX YPABHEHHH A1d JM0G0H TOUKM LIATYHA NYTEM
MOJACTAHOBKH B HHX U = 0.

Toraa \
x=—rCos¢
z=r(k+Sng)=a-+rSne. . . . . .(12)
Ei—fr-:wrSnug
at
dEzZ:erOS@ b . (13)
i = w?r Cos ¢
a’t
2
L MRS  EE 5. £h4)
di? '

Ecap UeHTp TAXKECTH KpuBOWIKMNA Haxoautca Ha aunud 04 (oCh
KPHBOLIWNA) HA PACCTOSIHWM ¢ OT OCH BpauleHus Kpusowwna (B CTO-
pOHY Manblla), TO YPaBHEHMS, XaPAKTEPHUIYIOIIHE [BHKEHHE LEHTpPA Td-
HKECTH KpUBOWIMNA, MOryT ObiTb moayuens us (12, 13, 14) nyrem ym-



HOXEHHA MX HA OTHOIEHHe - (PacCTOAHHE @ NPHU STOM OCTaeTca 0e3
( £

H3MEHEHHR).

x, ——z:zCoso

kp i
b iag :

ka———a—resn?. . . . ] . . . . -(123)

vy, =weSng

vy, =0ezCose . . . v e secee . (13a)

j;:p:m’aCosap

j;p:::-—(»?ssna? A AT R e .
C. Hox.

Hox cosepiiaer npaMoanHeHOe BO3BPATHO-NOCTYNAAbHOE JIBHXKEHIE,
H NICTOMY MOJIHOE MPEIACTABJEHHE O ero ABHXKEHHH NOJYYUM, 32MEHHB
B dopmyaax Aasa a0060H TOuxH HIaTyHa u uepes [: '

A R2 A A
: i }\kSn@—{—~~:i—C032;5)

X, =r (HA“—- AR
2D G e e S e Sl e

— Cos
A 2 4

\

f()ﬁzo}r(Sn?——lkCOSf‘? -—g—Sano)
Pomml) e e e R P R R e
Ji=0?r(Cose-+1kSnec—xrCos2q)
DR G R e et v e e A s w e s CRT)

II. MHEPUUSI MACC KPHUBOIUUITHO-LLATYHHOIO MEXAHU3MA.

Kak yxe panbuie oTMeuanoCh, TEOPETHYECKAss MEXaHWKA paspeliaer
B LeJfX YNPOILIEeHHs pacCMaTPUBaTh CJONHOE ABHKEHHE KakKoi aubo
¢uryps kak Gbl COCTABAEHHBIM M3 ABYX: 1) MOCTynaTesbHOTO, NPHU YeM
HEHTP TXKECTH ABMUTaeTcsi 10 TOMY XK€ 3aKOHY, 4TO M B AeiCTBHTENb-
HOCTH, U 2) BpalaTeJbHOrO — OKOJIO LEHTPA THKECTH.

C nMHAMHYECKOH CTOPOHH MNOCTYNATENbHOE ABHMEHHE XapaKTepHO
TE€M, UTO I/l HEro Maccy Tena MOXHO CUHTAaTb COCPEJOTOYEHHOH B
HEHTpEe TAXKECTH; MO3TOMY, €C/IM 72— Macca NOCTYNAaTeJbHO JBHXKYIeE-
rocs Téaa, TO NPOEKUMH CHJI HMHEPUUH HA OCH KOODAMHAT MOTYT OBITh
onpeneneHsl 1o opmyaam

[x:_’né‘zxu‘

dt?

a2,
gz_ngn.....“..aa

a MOMEHT 3THX CHJ OTHOCHTEJbHO Haya/ja KOOP/MHAT, €C/JH CYUTATh
NOJOXKHTEJbHEIMY — NIDOTHB YaCOBOH CTpeaKn no gopmy.e:

Mo me g N e

u
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BpawarenbHoe ABHMEHHE B CBOIO OuY€pelb, 6Aaroiaps CBOEH Hepas-
HOMEpPHOCTH, Oyjaer oOycnaBiMBaTh MOSBAEHHE HMHEPUMOHHOA MAapH,
MOMEHT KOTODOH ONpenenseTcs 3aBHCHMOCTHIO:

dﬂ
o == — Mgy 717‘2 LN

TAE pp— PAAMYC HHEPUHH T€Ja OTHOCHTEJNBHO LEHTPA THAKECTH.
[Toabsysce dopmynamu 18, 19, 20 onpenenum HHEPUUIO 3JEMEHTORB
KPHBOUIHNHO-IATYHHOIO MEXaHU3Ma,

A. Kpusommun.
Cunbl nuHepuuu

zp—‘:—-m’(p(ﬁeCosrp

[ cam Wieane . U )
MowMeHT CHI UHEePUUH
M =—m,,[(@+<)Sngo?: Cos s —(—eCosg)(— vtz Sn )]

[Tocae coorsercTByOmUX npeoGpasoBaHHil MOJAYUHM
Magh =—m_a0?eCose .". . ... . .(22)

MomeHT MHepUMH napbl KPUBOLIMNA PaBeH HYJA0, T. K. BPalleHHE
ero paBHOMEPHOE.

B. Ho x.
CHabl uHepuuu
[i=—m o*r(Cos¢—-+1kSne—AiCos2c)
Z:O"""'".""'5"""(23)
MoMeHT CHa MHEpUHH paBeH HYJ0, T. K. [y NPOXOAUT 4epe3 Hayaslo
KOOpPAUWHAT.

MomeHT HHEPpUMOHHOH napul TakKXKe pasBeH HYJ0, T. K. JBHIKEHHE
HOXa NOCTyNaTeabHOe,

C. llatyH.
Cunbl HHEpUUU

e B &l 3
"=—m,0*r | Cos¢+— (L £Snec—1rCos29) |
L [ J
, l—s
]z’,’l:nzmo>-r——7-~5n;a. o el T e
MoMeHT Cu/l MHepLuH .

[—s

My =—m, r (k- Sng)o? ’{COS ¢+ —;— (A £Sno—A Cos2g)| —

j
Lol A Lok

— r ‘ : I8
=M. wir ll Tgan){—-r!LCos'g—— ?( : Sy —A kSnfp—%—ZCos?f‘o)} }
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[Tocae COOTBETCTBYIOLHX NpecOpa3soBaHuil MOAYYHM:

M?n:—--mm = (02r2{kCOS?———j—[KkCochp—(%_{_
-+ }\gz —~7~+—g—7~5n2<p)5n(9]} « s e R
# MoMeHT HHepPUHOHHOH mapH

D. Becr Mmexaunusm.

CkaaasiBass CHJAB HHEPUHH BCEX YacTeH MIATYHHO-KPUBOWHIIHOIO
MEXAHH3Ma, MOJYYHUM

=P [ Te= —o?r [ (mxp Z 4 ma

l—ls ) Cos o+ (mﬂ—}-mw i—)

r

(Coscp—{—)\kSnc‘s—KCos?c?)} S
i

[xp+111t+ I = »? (m,{p..e_._{._‘mm »lm—.) S (28
»

l"— IS'_PHQ

S
)a Cosg—mu—

MltH—MllH+MIlH+MaH n. :"’"")2"{ (mrcpf"'l'"mm
r

2 b2 2
[mkcosch—-(l-{—if—x2+—§—msnz@)5n¢“. . (29)
¥ S 2
rA€ e — PAaZMyC MHEPIUH LIATYHA OTHOCHTEJNLHO MNajblia KPHBOLIMAA.

CpaBHuBasg nNGCAyYeHHbIE BBIPAXEHHS, XapaKTePU3YIOWHE HHEPUHUIO
MacC BCero IMAaTyHHO-KPUBOUIMMHOIO MaxaHusMa B IeJ0M C opmynamu
(14), (17) n (11), MokHO cAenaTb CJAEAYIOUHH BBIBOJ.

,[1pH OnpeJe/seHHH CHJ MHEPIUUH BeChb LIATYHHO-KPUBOLUUTHBIH Me-
XaHM3M MOXHO 3aMEHHUTb JBYMS MacCaMu:

a) neppasi Macca COCpPeJOTOYEHa Ha Majblle KPHUBOWIMNA U pPABHO-
MEPHO BpAallaeTcs OKOJO OCH KPHUBOIIMMHOIO Baja; €€ BeJHYHHA Oonpe-

- 3 §<iy
JeJFeTCsl CYMMOH }im"‘P e W - -7],
6) BTOpasi Macca COCPENOTOYEHA HA rOJOBKE HOXXAa M HMEET NpPAMO-
JHHEHHOE BO3BPATHO-NOCTYNATE/IbHOE JBHXXEHHE, BeJIMUMHA 3TOH MacCChl

pasﬂa{ m, 3?1—}— m, }”.

Jigaue roBopsa: Npu ONPEJEJEHHH CHJI HHEPIHH IWATYHHO-KPHBO-
HIMMHOTO MEXaHM3Ma MOXHO MacCy LIaTyHa CYWTaTh pacnpeueaeHHoH
HA MaJei KPUBOIWIKNA U F0JIOBKY HOX8 OOpPaTHO NPOMOPUUOHANBHO pac-
CTOSHHSM LEHTPA TAXECTH IIaTyHa OT 3THX TOYEK.
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TAE % — KO3((PUUHEHT CKOJBXKEHHS KOJ/eCa; N0 AaHHHM HCHBTAHAN KO-
seGaerca B npenenax 0,95 — 0,84

B cpexnem vn— 0,94
V — noctynarenbHas CKOPOCTb MalIHHBI B MTD. B CeK.
(ans nomaau V=11 mmp|cex)

D — 1uamerp x040BOro Ko.eca.

2. lNonoxenne LEHTPa TAKECTH WIATYHA ONpPeLeaseTCs nyTeM Hazo-
XK EHMs [IAaTYHa HA OCTpPHE.

3. Ilonoxenne nEHTpAa TsKECTH KPHBOWIMNA ONpeseaseTcs nyTem
TMOJABEIIMBAHHA B HECKONbKHX PAa3JHYHBIX MOJOXKEHHUAX.

4. MOMeHT wWHEpUMH INATyHA ONpPEAeNsieTCs NMYyTeM [OLBEIHBAHUS
Ha NpPH3MY BTYJKOH Maibua kpuBowuna; ecan G, — BeC waTyHa B K2p.

m, — ero macca

n—4YHC/I0 MOJHHX KaYaHHil B CEKYHAY
h — paccTosiune OT OCTPHA MPH3MBI 1O
UEHTPa THAXKECTU WIATyHa, TO

MOMEHT HHEPLMH INATYHA OTHOCHTENBHO OCTPHSA ONpENeNHTCH 1Mo (op-
myJse

5 358
ocm*:._“‘~ Rk et s (31)
42 p2
A MOMEHT HHEPDUHH OTHOCHTEJBbHO ueHTpa TAXEeCTH
Gozeocm——mwhg S RD iy s .(32_).

3arTem onpeaeasaeTcs MOMEHT MHEPUHUH OTHOCHTENbHO OCH MaJjabla KpH-

BOIIHITIA: I

; Bl Ba-$ o n e e

[lepexonss HemocpeACTBEHHO K OMNpENEJEHHIO CHJ HMHEPUHH M HX
MOMECHTOB, B Le/9X HauboJee HArMGAHOIO CPABHEHHS UX BENAHUUHBI B
Pa3IHYHEIX THMAX YOOPOUHBIX MAIlHH, MOACYET MPOHU3BOLUTCS, HCXOAS
H3 NpPENnOJ0XKEHHs, YTO MAcCa KPHBOWHIA PABHA HYJI0. ITO NPEANO-
J0XeHHe OGyieT naBaThb HeGO/BIIYIO OWHOKY, T. K. KPHBOLIAI, CKOHCT-
PYHDOBaHHBIH NO COOOpaXEHUNM NPOYHOCTH, OyIeT UMETb HE3HAYHTE/b-
Hbi€ pasMephl M BeC. B A€ACTBHTENBHOCTH ke KPUBOWIKMW 6O/BIINH-
CTBAa MallMH 06OJ/iee W/ MEHEE YPABHOBELIGHB M NOTOMY, €C/IH y4ecTh
HX BeC, GyeT HECKOJIbKO HEfCHO BEIPAXKEHO HCTHHHOE MOJNOXKEHHE Bemek.

Paccmarpusas gur. 2—7, rae uzo6paxens rpaQuuUecKH CHJAL HHEp-
UMM H HX MOMEHTHl M/ HEYDPAaBHOBEIIEHHBIX KPUBOMIHKMHBIX MEXaHHU3-
MOB, Mbl BHJHM, YTO OHH JOCTHIalOT PasMEpoOB, NOKA3aHHKX Ha Tab-
JHue 2.
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Tabauna Ne 2.
MakcumanbHas BeJHYHHA CHJI HHEPUMH B HX MOMEHTOB.

- G e

> . g

Mawwuta = = 8 4 ) »

3 g ! il e S 3

X = ] 9] e =
€| 3|35 | 5 |g8|es

o R

' Sl £ | 8§ |2 | ¢ |E2|8E
Beanawnuna ~ . & o =) $o | BS
T b L gt o g LD
CopusonTaabmas ciia uRepund Ixxop . . . . |187.5 |115.2 | 88.3 | 46.3 | 45.7 | 31.4
Beprukanbnan cwaa wwepunv Iz wop . . . . .| 37.7125.7| 6.3{11.7| 83| 1.9
Moment Mun. xep um SESHRE S ¢ 8.6 1.3 1837007 4.4

W carenoBatenbHO, B NOPsiIKe NOCAEN0BATENLHOCTH, C TOUKH 3peHus
BENHUNHBI BO3HHKAIOWMUX CAJ HHEPLUUH, Mbl JO/DKHE yOOPOUHBIE MALIMHbL
pacrnoMOXUTb B psij: TPAKTOPHAsI KOCHJIKA, KOHHAA KOCHJKA, KomOaiiH,
si000rpefika, karka caMmocO6pOCKa, CHOMOBA3AJKA.

Bansinne wnHepuMM MacC KPHUBOWIMMHO-MIATYHHHIX MEXAHW3MOB Ha
MAWMHY HAET N0 CAeAYIOINM HanpasB/eHUAM.

1. Bce aneMenTH WATYHHO-KPHEOUIMIIHOTO MEXaHH3Ma MOJYUaioT A0-
MOJHATEIbHLIC HANPsKEHUS KAaK BHYTPH HMX, TAK H B COYJEHEHHSX,

Hanpumep, cuabl uwepuuu, passuBaomuecs B HOXe, NONePEMEHHO

TO CHKHMAIOT, TO pactarusaioT ero. [lompo6yem noacuurath 3TH Ha-
NPsKEHHus,

QOueBuauo k, = . ;
5

HO CH.1ia P Gyler paBHA MaKCHMalbHOMY SHAYEHHIO CHJbI HHEPLH H
onpeaensemoil no gopmyae (23), kotropoe npubAMKEHHO GyAeT PABHO

P:.—.muaﬂr.

Ecau 3a onacuoe CeYeHHEe CuUHuTaTh CeucHue, npoxoadmias uepes
NOCAEAHIO 3aKaenky, CKpenasouy CrUHKY HOXa C NATKOH, TO

Fls 4 ng
m, —=—-= "1
g .
rae —F —ceuenue COHHKH HOXA B CM2

[ — j/uHA CIMHKH B CM, CYMTas BJAEBO OT ONACHOIO ceuenusn,
8 — y/e/bHBI BEC MaTepuana CHHHKH

i — 4YHCJI0 CErMeHTOB, PACNOA0XKEHHBIX BA€BO OT ONACHOTO CEUSHHU S
g — BEC OJHOrO CErMEeHTa B K2
£ — YCKODeHHEe CH/IBl TAXKECTH.

B cBoio ouepesb, monepeunoe ceueHHe CNUHKHU noaBeprawueecs

Harpyske
Gt e (TAT GO
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TAe — G — WHPHHA CIIUHKH B CM,
G — JUaMETpP 3aKJENKH B CM,
/\ — TOJILIIUHA CNHHKH B CM.
Ceuenne F, BXojafllee B BbIpa)K€HUE MACChl HOXkA, OyJaeM CUHTATb

b A

[ToxacraBasis MOJMYUEHHBIE BBIPAXEHHS B (QOPMYJy HAMPAKEHUSA, 110-
JAYYHM:

¢ U BN Ag T 3
L AT :

[ToacuuTaHHbIE MO 3TOH (opMmyJae HaNpsAKEHHs PaspbiBad NOKA3aHLI
8 Tabauue Ne 3. :

Tabauua Ne 3.
Paapblaammue yCHiusa OT Cua HHEpUHHU B CIUHKE HOXWa.
| 4 i
Mawuga wir| & & A d no.nlﬂan ?;'e’ﬁﬁi o no:xlnoe ‘C’L'i’,ﬁi q k2
| HHH HUS
‘! }
Tpakr. kxoc. . [216.6 9.81 2.0: 0.6‘I 0.5 225 191;0.0079, 28 25!0.066 92
Konnmas , .| 180 — | 2.0, 0.6 — 145 122 — 18 16/0.066 70
Kom6aiin . .| 59.2] — 2.5 0.6 — 644 600 - 60 60{0.065 &5
Jlo6orpetika.| 88.7, — | 2.0, 0.5] — | 165{ 140 — 20 18/0.053. 25
Xarka . . .| 87.3] — 2.2) 0.5] — 167| 142 — |20.5 [18.50{0.053 23
Cnonosa3. .| 51.9, -—- 2.2i 0.5 — 215 1821 — ' 23 23 0.0ﬁli 19

Hanpsikenust noJaydaiotcsi, KaKk BHAUM, HE HAcTOAbKG OOJablUHe,
4706bl O HHX HYXHO OblIO OCOGEeHHO OECMOKOHTBCA.

Onuako, u3 dopmyant (34) BUIHO, 4TO HANPSKEHHS Pa3pbiBa B HOXKeE
VBEJMYKBAIOTCS NPAMO MPONOPUHOHANBHO KBAaApaty yrJoBOH CIOPOCTH
KPHBOILINNA, U MO3TOMY, €CAH MBI Banp. yBeAWYHJId Obl yr10BYIO .CKO-
pPOCTh KpuBOlIMNA KoMGajiHa B NaTb pas, T. e. caenasu Obl n= 1515,
TO HanpsKeHus BO3pocau Gbl B ABAaAUATH NATh pas, T. e. 10 1375 KH-
JIOTpaMM HA KB. CaHTHMETD.

2. baaromapsi MMEOWMMCA HENJOTHOCTAM B MECTdX COeAHHEHHS
3JIeMEHTOB MEXaHu3Ma APYr C APyrom, NoJayudarTcs yjapsl, eue Oonee
pa3buBaloLIHe KMEIomHecs 3a30pbl U 00yC/I0BAKBAIOIHE OBICTPHI H3HOC
BCEX IIAPHUPOB MeXaHM3Ma.

3. Tak kak npH JABHXEHHH KAaKOH YroaHO CHCTEMbl, OOLKMA UEHTP
TAXKECTH CTPEMHTCH OCTaTbCd HA MeCTE, TO OTKJOHEHHIO 3JE€MCHTOB
WATYHHO-KPHBOWMKIIHOTO MeXaHHW3Ma B OJHOM HAanpaBJe€HHH COOTBETCT-
ByeT OTKJOHEHHE OCTaJbHBIX 4aCT€H MAIUMHB B NPOTHBOICAOKHOM Ha-
npaBAeHHH. A TaK KaK KPUBOIUMMHO-IIATYHHBIH MEXaHH3M COBepluaer
C/IOKHOE BO3BPATHO-NOCTyNaTe/JbHOE JBHXKEHHE, COeJHHEeHHOoe C Bpa-
HiaTe/bHLIM, TO M BCS MalIMHA TOYHO TAKXKE COBEpIIAET KozebaTe/b-
HOE JRM)KEHHEe KaK JHHeHHOe, TaK M BpaulaTe/bHOE,

Braropaps tomy, uTo BCAKas yOOpOYHAas MallMHA TaK HJIH HHAue
JABHraeTcsi no 3eMJe, TO KosaebGaTe/bHOE JBHXKEHHUE BCeH MalUWHBI B
(1eJI0M uyepe3 UINOPH KoJeC Mepejaercs B 3eMJI0 H TaM, NPOU3BOAA
pasanuHue jgedopmaiuy, KaK ynpyrue, Tak M MJIaCTHYHBIE, 3aTyxaer.
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Besnudna xose6aHuil BCeii MaliWHB LEJAHKOM, OYeBMaHO, Oyjer 3a-
BUCETb OT BE/JHUHHB CAMOH MAIUWHLI KWW, TOYHEE TIOBOPHA, OT MACCH
MaWHHBl U OT MOMEHTa HHEDIHH 3TOH MacChl MO OTHOLIEGHHIO, HANPH-
Mep, K ueHTpy rtsaxectd. [lostomy no BesnuHMHe CHJA HEEPUHH HEJIb3d
CKa3aTbh, HACKOJBKO BpPEJHLl OHH B TOH M/M HHOH MalluHE: HEOOXOLHMO -
BCErja NpHHMMATh BO BHMMAaHHe BEC MalMHB, (DOPMY OpraH€oB cClenJe-
HUSl C I[OYBOH, pacnpeje/ieHusi Beca MO OTHOWIEHHUIO K TOYKAM OMOPH
HoT. XA :

JIo cHx Dop 3TH BOMNPOCH €Ue HE H3yueHbl HACTOJNbLKO JALTAJIbHO,
4TOOH MOKHO ObLIO BONPOC O XapakTepe Ko/eGaHus MallHHW pasol-
path TeopeTHyeckd. Bo BCAKOM ciayyae 1oKa MOXHO OTMETHUTh, YTO KO-
aebaTtesbHOE JABHXEHUWE MAaWIWHB OyueT Tem 6oabue: 1) uem 6oabiie
CH/IBI HMHEPUHH [ATYHHO KPHUBOIUMMHBIX MEXaHM3MOB H HX MOMEHTHI,
2) ueM MeHble OOWIMi BEC MawHHBL, 3) yeMm 6JHXKe PacCHOJIOKEHb APYr
K JpYyry TOUKH OMOpHl, 4) 4eM MEHblle y MAalUHE ONMOPHHEIX TOYEK.

" Bce atu axkTopnl fBAAIOTCS NPHUYMHON TOro, uTo Haunbosee Bpel-
HBIME OKAa3bIBAIOTCA, NMPAKTHYECKH, BAHSIHHUS MHEPUVHA MAcCC B KOCHJKAX,
3aTeM—XaTKax H Joborpeikax.

B xom0ajinax m CHONMOBfA3a/KaX OHM OYEHb MaJO BAHAIOT HAa paboTy
BCEH MaUIUHBI.

IV. YPABHOBEIIVBAHMUE.

3anauya ypaBHOBEIINBaHHS] HHEPUHUOHHBIX CHJ H MOMEHTOB, OUYEBHHO,
JIOJ/KHA 3aK/I0YaThCsl B TOM, YTOOBI MOJYydYalOLHeCsd B IIATYHHO-KPHBO-
LWIMNHOM MEXaHW3Me CHJ/Ibl HHEPIMH W MOMEHTHl YHHYTOXHTb HJH B XYI-
meM Cayuyae YMEHBIIUTH HX HACTONbKO, 4TOOB NPAKTHYECKH HX MEH-
crBue Opli0 He 0COGeHHO BpejgHo. [TocMOTpHM, HACKOJbLKO 3TO BO3-
MOXHO B YCJOBHAX YyOOpPOUHBIX MAUiWH CYLUIECTBYIOUUX THROB.

A. [TonHoe ypaBHOBEUW HMBaHHUeE,

[lonnoe ypaBHOBELINBAHKE BCEX CHI MHEPLUUH U UX MOMEHTOB G0 Gbl
BO3MOXHO TOJbKO MPH OJHOBPEMEHHOM HaJHYHH CJIENYIOUIUX VCAOBHY,
HENOCPEACTBEHHO BLITEKAIOLIWX K3 ypaBHeHHH 27, 28, 29:

mmil-—%-mnzo R e
e l—s :
Mo dienagiea Lo O )
4 [
P SRR s RN ST SR .
M3 (36) umeewm
[
B0 e T e
S

Ho Macca HOXa m. ¥ aauua wartyHa / 10 CYWeCTBY MOJOXKHTENb-
Hbl, Mmy— ToXe. CaeqoBaTeNbHO JAJ% TOro, YyToOBl NpaBas yacTb Guija
TIO/IOXKHUTEIbHA, HEOOXOAUMO, YTOOK S OHIJIO OTPHUATEALHO, HHAYe Io-
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BOPA, UEHTP TSKECTH IIATYHA JNO/DKEH HAXOAUTHCH HE MEXAY TOUYKaMH
A n B, a 3a toukoir A (cm dur. Ne 8).
Touno Taxxe u3s (37)

m =—-—— —

Kp o l w
Moacrasaas cwoaa (39), noayuum:

m,{p:—f—(—l—-—l)mﬂ. s e A
e S

3/7ech TOYHO TaKXe & JOMKHO OLITh OTPHULATENbLHO, TAK KAK OTPH-
LATEJbHO S, @ OCTAJbHBIE BEJHYMHLI MO CYIIECTBY MOJOXHTeJAbBb. Ta-
KHMM 0OpasoM, UEHTP THKECTH KPMBOWIHMNA AOMKEH ObITh MO OTHOLUe-
HHIO K DaJbLy KPHBOWIHUMNA C MPOTHUBONOJNOXHOH CTOPOHBI OCH KPHBO-
wunaoro Bana (cM. éur. Ne 8).

Ecau 661 MBI CyMeand OCYIIECTBHTH npaktuuecku ycaosua (39) u (40),
TO Mbl 3THM CaMblM YHHYTOXHJIM OLI MOJHOCTHIO CHJbl HHEPIHUH, HO
npu 3TOM, 6/;arofaps OTPHUATE/JbHOMY S, HHKOMM 05pa3’oM He MOMKET
ocyuiecTBuThCA (38), MHAYEe rOBOPSA, HE MOTYT HCYE3HYTb MOMEHTHI CHJI
MHEPUUH.

Hao6opor, npu noJo0KHTEIbHOM S pAlMOHAJBbHBIM KOHCTPYHPOBa-
HHEM LIaTYHA MOXHO Obln0 OBl OCYIECTBUTH yc/a0BHE (38) ¥ yHHUYTO-
JKUTh MOMEHTHl;, 3aTO 3THM CaMbIM Mbl cJenaqu Obl HEBO3MOXHLIM YHH-
YTOXEHHE CHUJ HBEepIHH.

CaenoBiaTelbHO—INPH MOMOLIM OJHHX NPOTHBOBECOB YHHYTOXHUTH
OJIHOBPEMEHHO W CHMJILl HHEPUUH H HX MOMEHTHI—HEBO3MOXHO.

[TocMoTpuM, KaKHe MAacChl JOJKHB HMEThb MIATYH H KPHUBOLIUM A5
TOr0, 4TOOB! MOJHOCTHIO YPABHOBECHTH CHJLI HHEPIUH.

B kauecTBe npumepa BO3bMeM TPAaKTOPHYIO kKocuaky Mak-Kopmux

Jiupuur.
Ecau B3aTh

s =—20,100 4
e=—r=—0,0375x
TO
m —— ,*,_&9__%9_ 0,494 e 4,594 _’ff. cex-
: —0,100 Z
Bec G, = 45,0 xe.
' m,, = — AL i )0,494 — ~ 5,088 b
. 0,0375 \— 0,100 a

Bec G, =900 xe.

Takum o6GpasoM, Ajsi MOJHOrO YPABHOBEIIWBAHMS CHJ HHEDUHU B
TPAKTOPHON KOCHJKE INATYH M KPHBOLIMT NOJYYalOTCs HACTO/bKO TPO-
MO3AKHMH, 4TO O KOHCTPYKTHBHOM O(DOPMJEHHH HX H TOBOPHUTH JAaXe
HEe NpUueTcH.
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Tem He MeHee C TeOpeTHUYECKOH TOUKH 3PEHHS HAC HHTEPECyeT BO-
npoc O TOM, KaKOH e BeJHYHHBLI NPH TAKOM YPAaBHOBEIIHBAHHH XOCTH-
raeT MOMEHT HHEPLUOHHHIX CHJ.

JIass 2TOro HaM HYXHO 3HATh PaAMyC HMHEPLUMH MacChl IIATYHA NO
OTHOIIEHHIO K na/jbly KpHBowuna. Tak Kak ero Mol He OyJZeM 3HAThb
A0 Tex TNop, NoKa He CKOHCTPYHPYeM TAaKOH IIaTyH, TO AJs ynpolue-
HHf 3a7ayd MNpPeANOJIOKHM, YTO BCH MAcca MIATyHA COCPENOTOYeHA B
ero LEeHTPEe TAXKECTH; TOraa OYEBHAHO

p,=1|5|=0,100 4.

Ha c¢urype Ne 9 nokasano rpaguyeckd H3MEHEHHE MOMEHTa CHJ
HWHEPUHUH 32 OJMH OGOPOT KPHBOILKMA.

BEIXOAHT, YTO YpPAaBHOBECHB CHJABI HHEPUHH, MBI MOJYYHM MOMEHT
HACTOJAbKO OOJbIIOH, YTO TPYAHO CKas3aTh, YTO Jy4ule: OOJbIIHE CHJH
MHEepUMH H MaJeHbKU{i MOMEHT HJH, Ha060pOT, OTCYTCTBHE CHJ HHEp-
UM H OYeHb 6O/BLIOH MOMEHT.

Mrtak, nosHoe ypaBHOBELINBAHHE CHJ HHEPUHHM NPH MOMOLIH NMPOTH-
BOBECOB HEOCYIECTBUMO KaK MO KOHCTPYKTHBHHIM 3aTPYIHEHHAM, Tax
M MNOTOMY, 4TO OHO BJIEYET 3a COOOH yBeJHYEHHE MOMEHTOB 10 TaKOH
BE/NHUHHB, KOTOPAs NOYTH PABHOLEHHA C YHHYTOMXEHHBIMU CH/IAMH. :

b. YpaBHoBemuBaHHe BpauUawUIUXCsT Macc.

B Buay TOro, 4TO HEBO3MOXHO MOJHOE YyPaBHOBEILUMBAHHE KPHBO-
LIKMNHO-IIATYHHOIO MEXaHu3Ma M3 3a 60JbIIEro VBEAHYEHHST MOMEHTOB,
MOXHO TIOCTaBUTb 3aJavyy ropasio yxXe U ypPaBHOBECHTL TOJBKO CHJIBI
MHepuuu Bpawmamomuxca mace. Ciona, 04e€BHIHO, NPUAELTCS OTHECTH KPH-
BOLUMN H COOTBETCTBYIOUIYIO 4acTk wmatysa. OueBHIHO, B 3TOM cJaydae
Heo6xoAHMO 06GecrneduThb ycaAoBHe, BHITekaoouee u3 dopmyns (28):

l—s

= o L sk R R e
5 }:p r + l w ( )

OTKY/ia
e L (42)

Kp. r e s / e e T L R S
Hiu
AT e ¢

m,{p:_‘";"-*_Z""m’m SRR TS R e

T. c. nenrp TAxecTH KpUBOWMIA HOMKEH ObITh HA MPOLO/KEHHH Pa-
AMyCa KPHUBOLUIKMNA B CTOPOHY, NPOTHBONOJOKHYIO NaJblly.
[Tpu 3TOM HeypaBHOBEHIEHHBHIMH OCTAHYTCH

[COS@—{—)kan@—}\COSQﬁ;j

..f_"‘ﬁg;——}.~}—~g}\8n2ap)8n'p>i . (43).
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Hanpumep, ans xocuaxu M. K. JI. 7/, ecau 6Ll OCTaBHTb TOT ke 3KC-
HNEUTPHCHUTET, AAs1 YPABHOBEWIMBAHUA BPAlAIIHXCS MAacc HeOGXOXUMa
Macca KpPHBOILIKMA

Pl ten 0,318 : 0,930—0,420 . 0,494 — 0,72 2. cex?
. —0,009 0,930 M
HIH
pr =T 00 N2

OcraBluuecss npu sTOM HeyPAaBHOBEWICHHBIMU CHJALI MHEDLHUH W MO-
MEHT u3oOpawensl Ha ¢ur. Ne 10, U3 KOTOPOH BHIHO, 4TO BEPTHKAMb-
HBI€ CHJ/IBI WCYE€3J/IH, a4 TOPH3OHTAAbHBIE H MOMEHT—YMEHbIIHIUCE.

B. YpasnoBemunBanue B CymWeCTBYIO U MX MallHHAX.

B cymectsyiomux mamuHax OGLIYHO YPABHOBEWIMBAIOT CHJB HHEp-
UK IIATYHHO-KPHUBOIIMIIHOTO MEXaHH3Ma TOJBbKO NMPH NOMOUIM OLHOTO
NPOTHBOBECA HA KPHUBOLIHUIE, ‘

[TosToMy u roBOpHTH MPUXOAHTCA TONBKO O TOM, HACKOJBKO ypas-
HOBEIUIEHB! CHJIbI HHEPUHH Bpawamwinuxcsd macc. OTBeToM Ha 3TOT BO-
npoc CAYXHT Tabauna Ne 4.

Ta6auua Ne 4.

. %) o] o .
. Mawutasw 5 = - S 9, § :
= Q B (=W o o o
S g = % = s 0
:ﬂ: = S ow ] U::
= »S (=9 O )
w© N . = © = ©ir
\ s g - 5% 3 S
8 8= 3 oz 53 2=
\ == X - = % "t o8
e e | —0.174 | —0.143 | --0.122 | —0.073 | —0.046 | —0.032
L e e+ o+ . | —0.232 | —0.077 | +0.056 | —0.036 | —0.014 | +0.032
Ectb 18 ypaBHOBE 1M BaHKE Ha Ja Her Ja Ha Hert
Hackonbko % ypasHOBe-
LWEeHb BPalIAOLIHECH
MaCCH & R A e RN 133% 51% g 49% 30% ‘ T

M3 a10#l Tabauibl MBI BHAHM, YTO TOJbLKO OJHAa TPaKTOpHas KO-
cunka MKJL 7' umeer nporuBoBec GoJee, ueM HYXHO Aas ypaBHOBe-
IIMBAHHUS OJHHX BpaulawIUUXCca Macc npubausutenpuo Ha 1/3. Baaro-
IJapsi 3TOMY, KaK nokaspiBaeT ¢ur. Ne 11, nosBasioTcs cHOBa BepTH-
Ka/IbHBI€ CHJBl HHEPUHUH TOJNBKO C NMPOTHBOMOJOXHLIMH 3HAKAMHU.

lopusoHTanbHbIE CHAB HHEPUWHM HA COOTBETCTBYIOILYIO BENHUMHY
YMEHbINAKOTCS. :

Takum o6pasom HeoOXOAHMO NPH3HATH, YTO €CJAH MBI BOOOIIE XO-
THM YMEHBIUHUTHb CHJ/IBI MHEPUHH NPH MOMOILM NMPOTHBOBECA HA KPHBO-
uIMMe, TO €ro HYXHO KOHCTPYHPOBaTh TaK, YTOOHl YA0BAETBOPAIOCH
ypaBuenue (42). C 3Toif TOUKH 3pPEHHS NPOTHBOBECH KOHHON KOCHJKH,
JOGOTrPeHKH M JKATKH sBJSIOTCS HEJOCTATOYHBLIMH.



19

JlaibHeilniee yBeJHueHUE MPOTHBOBECA HE MOMXKET YHHYTOXHTH CHA
‘WHEPUHH, @ TONbKO MEPeBONUT FOPH30HTAJbHbEIE CH/IBI B BEPTHKAIbHbIE
M YBENMYHBAET MOMEHT W IOSTOMY MOXET CYMTATBCS MOJE3HHM TOJBKO
TOTAA, KOrAa, YYATHIBAS KOHCTPYKUHMIO NAHHOH MallMHB, MOXHO OBITH
YBEPEHHBIM B TOM, YTO BEPTHKA/NbHLIE MEHEEe ONAaCHH J/Ifl Hee, YeM ro;
'PH30HTA/bHBIE, H/H B KPalHeM Cjayyae paBHOLECHHHI.

Ucnonb3oBaHHas JauTeparypa.

[I. TopsuykuHd Cuabl MHEPUMH W HX YPaBHOBEIIMBAHHE.

A. Kpuab Hexoropeie nannbie wucnvitanus kocuaok sa ML U.C.T.C. X. A. 3
27, BecTHuk MetajnonpoMmbiiuneHnocTd 3a 1929 r.

I. J b B0oB. TpakTOopbl MX KOHCTPYKUHSI H pacuyer.

Jlopenn TexHqueckas MexaHAKa HEUSMEHSEMOW CHCTEMB.

H. leromnes. Pexyuauii annapar xatseHHbX wMaliud. KoHcuexT aexumii.
. A. Bef#ic. Kypc c.-X. MaluMHOBEAEHUS.
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SUMMARY.

To the Question of Counterbalancing the Connecting Rod-Crank
Mechanism of Harvesting Machines.

By Ing. G. D. Terskov.

1. Denoting by:

my,— the mass of the crank,
m,—1the mass of the connecting rod,
m, —the mass of the sickle knife,

o —the angular speed of the crankshaft,
r - the radius of the crank,
e —the distance from the centre of gravity of the crank to the

rotation axis,
/ —the length of the connecting rod,

s —the distance from the center of gravity of the connécting rod
to the crank pin,
a —the displacement of the crankshaft axle from the line of move-

ment of the sickle knife,
pa — the radius of inertia of the connecting rod with regard to the

crank pin.
\ r a
hoe= Frr k —
¥

¢ —the angle of the turn of the crank measurd from the right
horizontal position (the machine seen in front), : ,
we find that the value of the forces of inertia of the whole connec-
ting rod-crank mechanism are determined by the expressions:

Jx=o0p [I—( Mpp o ";‘— ﬂzw‘l.——s ) Cos P~ (m*‘—;_m”‘%)
L\ r ; \
. (27)
(Cos 9412 Sne—hCos 2 g) |
Jooe @y (mkp 2 ~=my, —l-?—) v MR (28)
\ r

Besides this, owing {o the unequality of the rotatory movement of
the connecting rod, the inertia couple will take place:

G {—s ls—pa?
My = — 02 p :(mkp e “*if"nw“‘—l'f") a Cos ® — Mu : e

7

: heg? 3
{kk‘z Cos2¢— (1 +—§—h)‘2+—{)\35”2(‘°)8"?“ e s (49)

r
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'But, w?rCosg and — w2 r Sn¢ being terms which determine the accele-
ration of the movement of the crank pin and

w2r (Coso-+ A Sn9— A Cos 2¢)

those. determining the acceleration of the movement of the sickle knife,
it appears from the formulae (27) and (28) that: :

a) when determining the forces of inertia, the whole connecting rod—
crank mechanism may be substituted by two masses;

b) the first mass is concentrated on the crank pin and rotates equ-
ably about the axle of the crankshaft and is determined by the ex-

pression .

€ [—s
[’nkp T +mm l J9

c) the second mass is concentrated on the head of the knife, has
a reciprocating movement and is determined by the expression:

[mm —51— =+ mﬂ}.

In other words, when determining the forces of inertia of the con-
necting rod—crank mechanism, the mass of the crank may be consi-
dered as distributed on the crank pin and on the head of the knife in
inverse proportion to the distances of the center of gravity of the con-
necting rod from these points. ’ . ;

2. The influence of the forces of inertia of the connecting rod-
crank mechanism upon the machine is expressed as follows:

a) All the parts of the connecting rod-crank mechanism get addi-
tional strains the value of which increases in direct proportion to the
square of the angular speed of the crank.

b) There occur impacts in the joints which increase their wear.
The whole machine performs an oscillating movement partly transmit-
ted into earth through the spurs of wheels and damped there. The
oscillating movement of the machine will increase the greater are the
forces of inertia of the connecting rod-crank mechanism and the less
is the total weight of the machine and the number of points of appli-
cation.

3. A complete counterbalancement of all forces of inertia and of
their moments would be possible - only by a simultanecus accomplish-
ment of conditions issuing immediately from (27), {28) and (29):
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But as (36) can be accomplished only with s being a negative value
and (38), on the contrary, only with s being a positive value, it is
clear that it is not possible to counterbalance the forces of inertia as
‘well as those of their movements simultaneously by means of counter-
balances.

The counterbalancing only of the forces of inertia by means of
counterweights is quite possible. It is only necessary to have on the
crank a counterweight with a mass:

m,,p::——-r—(l g )m,, gl s A

N
-

€ /]

.and on the counecting rod a counterweight with a mass:

mm:———;—- o o e (39)

In practice, however, these couuterweights happen to be very cumber-
some (being 50 kgr. each for the tractor mowing machine) and besides
‘this, there occurs a considerable increase of moments. It proves, thus,
that the counterbalancing of all forces of inertia by means of coun-
terweights cannot be put into practice owing to constructional incon-
veniences and is not effective enough owing to the increase of moments
resulting from the forces of inertia.

The counterbalancing of the rotating masses only [in other word
-of vertical forces of inertia] is quite practicable; in order to attain this
it is necessary to set on the crank a counterweight having a mass:

r l[—s

Mpp — — — R e R S . (42a)

<

If a counterweight with a mass greater than that given in the for-
‘mula (42a) is taken, it will cause a decrease of horizontal forces of
inertia and a corresponding increase of vertical forces of inertia; there-
fore, in construction of harvesting machines it is necessary to endea-
vour to fulfill the condition [42a] and to admit the farther increase of
the counterweight only in those cases when it is possible to be quite
certain that vertical forces of inertia are less ruinous for a given mac-
hine than the horizontal ones.

4. Of the existing harvesting machines the tractor mowing machine
is that where the forces of inertia reach their greatest meaning and the
horse-binder is the machine where they are of a least importance
(This being obvious from the table Ne 2). Usually, counterweights ha-
ving a mass lesser than that required for counterbalancing vertical
forces of inertia are installed and only in the Mc. Cormick Deering
tractor mowing machine (the driving one) a counterweight by 33%,
~ greater than that required by the formula (42) is installed. :
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