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Prevention of overturning of mobile crane
(Analysis on the movement of crane slewing on the slightly inclined ground)
(Trial manufacture of outriggers for prevention from overturning)

Yutaka MAEDA*

Overturning is one of the most typical accidents of mobile cranes. Althouth cranes have been designed
under the assumption that the grounds they are working on are absolutely horizontal and firm, but the
grounds on which cranes actually work are not always on such conditions.

This report deals with at first the dynamic stability of crane. The condition for that maximum swinging
angle of the load gives the maximum falling moment is clarified that the maximum swingiing angle (6,)
should be less than 37 degrees and less than /4, where ¢ is the angle of elevation of jib top at the fulcrum
for falling down.

And the differential equations of motion for the crane slewing on the slightly inclined ground are
introduced from Lagrange’s equation and are numerically solved with digital computer. And as for the
moment of inertia of upper slewing body, it can be determined only by measuring oil pressure of slewing
motor and angular acceleration of slewing.

Finaly, two types of outrigger-floats that will prevent cranes from overturning are made by trial and
the competence of them are investigated through the experiment using 11 tonf hydrauric truck crane.

* BMAFFEE Mechanical Engineering Research Division
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Fig. 1 Crane, whose load is swinging
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Fig. 2 Critical angle for that maximum swinging
angle gives maximum moment
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slewing and oil pressure supplying to slewing
motor
B E A R & BE e — & — D HME D BIFR B

iz 2-TELT, POREEMANHEL & E, kEH

BFD AR EE & BE Bl — & — DA - A DHED

fIiE, Fig. 610 T & 9 ZITERB 2 BER2ED

bitrz, TNERANTELT 5,

G=k(P—P) 64)
ZIT RIRERTHY, PIREEBSEIC L 2 ENS 2T
LIS I BELESICHST 5,

WED2-TELT, POREAESHIHRETH S &)
Elhr s, ORCm=0, m=m=0%KAT 2L,
(mon?+5h) $=Qa 35)
T, LhECTEHSD L[ ZNLUNDES L Ei2s
75 &, LIZ3VTORIICE VBT 22K
Ll ETRKO LN, LiZE—F—FENEMEKE

— XAV L EEAEMTH L —EEE & D,

Wi, 28NN T7TERE TREERZIT, Th?
NDEBREHICB TS n, hFE2IEFLIL 200 TE
by &, EEMVIPEREESHBERICHLELT,

(70, +IJl+IU)-Ql Qo= K(P1_Po)} )
(mo%z +Ijz+lu)-Qz—Qﬂz—K(Pz—Po)
IR ERAL T LE K IZDOWTHEL &,
_(mono >+ 1)) /by — (myrep® + Ip) [ By

1/k—1/hk
K= (mofol +In) (mo%z +Ijz)
1/k1_1/ke
PRELN, Inrb
L=L+1
Qo=K(P—F)

WRETE D, LU LNEZHWTOR 5602 <

ZENTE D,
3.2.5 ERIEBOFERUZDEE

BEEl b V7 RUMEBMEE— 2 > P BN 12 HDOBEE
EBiX, IbrohoemERLIN Ty 77— %H
WTERL 72, Table 2 3R 2HBETH B,

Table 2 Specifications of the crane used in experiment
X2 ERICHFEHLZZV— DELMERE

2N FIFHE 11000 kgf
BECTEREER 8 m
BKEVTER (£v7) 20 m
CTER 3000 kef
rEEnAER (B 7E8) 3760 kgf
LESRERMAE .CMLE  BEREFOES 0.555 m
CTELME (EBRP)
(8m¥7) ke 8] L i 2.62 m
(14m> 7) BRI LRI H 443 m
ek (EBP)
(8me7) 6.53 m
(14m> 7°) 12.32 m
2Ne—7nE& (§m¥7) 3.32 m
(14mz 7’) 4.65 m




— 96—

BIsEE, FHEx 2> 7)) — R RIcEAB LK
&L el 3¢, EMARE, ¥ 7%miko LBk
HRALER D BIEF FRE, ROEREFABEE—2—D
oA - ODMESE2T—F LV a—F 25T 5 &
W BRI E - 72,

F/z, WBOGERNE, FRIOT 7 ) SO TICEIRK
PECTBEREM L -REBTRET LI LicL N
BIEBZEiICLz, DL ENERAREIZ0.0E,
0.563F X U'1.408E ICHL § 5,

HRABOREBEIZOELNEL, Y7THREZS8
m Eldm D 2@, DNFHHESIZO0 M, 0.5+,
2 P 4BN &Lz, EBRORILE Photo.

Photo. 1 State of crane slewing experiment

P AEES AR N

Table 3 Coefficients’ value from experiments

R 3 EBRILIESINLBRE

P7EE (m) I (kgm?) Iv (kgm?) Io (kgm?)
8.0 14670 41440 56110
14.0 61147 41440 102587

K=6970 (/-cm?/kgf-s?)

EFEHERROEBEE— 2> ML, OOR2HFEIN L
JICEHMENZ, ZOMEE b IR TR ER S
Wi EoleEES BT L, DY W& 2T RN
#KFE EIC#E L 726% Fig. 7 & Fig. 8I2i8iF
5, ZOPITIE, QaldliERlE—F —DMEL LFTEL
LNEZOEFRAG, FEBOMBMEL LTIk, &
L 72REH» SEtA L 2 EREMGICEDLET, 2=0,
0=0, ¢=n/2, Q=0=¢=10% L7z, B, y it n/
2TH5b,

ERAE M EE K ER HICBEY 5 HFE

6 L
4_
2.
S S B S
ESEE
Fig. 7 An example of calculated swing of load of
crane slewing on the horizontal ground
HKFHAE TR DIRNDfFEHTH
[
i
6
4.
AN FH M \
(154 0.5635) \
Jie ] /5 1) ‘
27 W
0 L 1 1 J 1 . )
0 2 4 6 (m)
EEE
Fig. 8 An example of calculated swing of load of

crane slewing on the inclined ground

TERHAE T ook OfETHl

LI EDEFTCIZQ anEXERIDFTRI S L ICEX S
2o, EREOENICLPELHE TS Z LIZRET
Hb, N2, Qab Fig. TOEBRDEELFE—TH
DL THEMABESZIT2EL TikBLES % > % =
L— b L72#EE% Fig, 91238175, Fig. 9 Tl3EH



BEBR 7 v —> DEBIKERIE

AEICNT EEEEDEMENAERL 2, Zhid
3.2.18IC L W ERE— 2> FRKAE & HALE IR
NAPBRRKTUbLIEELEIRRELDLEETH S
ZENBRZIEICL S,

Fig. 9% R 3 &, GRAEIRET LIEEEENEM
BLWTZ bbb, ZHUIESHC &Y BEEAE
SNTHIBENZDL DB KEL L B20THEHLBDb
na», Fig. 932D 1BICHOVWTRETL72DATH
N, RELICEENERICEFDITLZ LIZHETH
5rRBbhs,

(m)F
1.0l L.
-% .
RE 0.8
s :
éi 0.6 -
gd 04 A
0.2
oF TNem F s oA
.0 1 i 1 |
0 1 9 3 4 5
ERIAEE o(%)

Fig. 9 Relation between the swing of load and the
magnitude of inclination

FRALE & ERHA R FR

3.3.7IbrUH7R—1DRERE
RIZECIRMEM L TRET 2 7 v —> DEBHEAZ

BX, ESPERERICRITTEE I OWTERT A2
DDFHEIZOWTRE 2EDTE T, RETIE, HH

¢400

DERELBT 7Y TDOLT 2728, TorY)
70— FOWKEEZ DI LIZODWTHRETT 5,

3.3.1 Z7hUH7B—- bR

AETHRE LT 7)) A 79— OBREUTD
2HRSBETH B,

HFR1  BEHEBRORL S 2EBENT M)A 7
o=}, —BICIV—VEBRETHRICIEIT NI
XY 2 ATONE L, FEDCBHILICLY) AL
By LELbLND, A

AHRIL, REFICEABEDPEWTERESD 72—
FARETICHERZBZENTEBLEILERT,
RAHERIC LERS 2 &0 LHENEV7 a—
L&) 2 FRTHHATH 5, Fig, 10@13 TB
DEHESEEN0.2EN LD, OUZFL0.3EFN LD
Thb,

AR2 T M)A 70— DEMEICESD LWL
BT B3 HR,

ZOFRDTI P YA 70— R TLIR B EN
JEBRERNH LD, ZOROHERKDOT T M) &7
u— MCER0mm oML ZI2EFRETLZ LD
(Fig. 10(¢)), R < 14mm Xi313mm DA IL% 2858
BTz b o (Fig, 10@FEWE) 22 0, HilikxH
WRDOTF 7 P ) 7a— b LW TRIRDEEZFARS Z
L& L7z, WBEADOEMEREZBMLMAROT 7 MY
F7a—rERETSE, © @), @FZFNEn69%,
65%, 70%iz7% %, :

3.3.2 EBRAERUMBER

125X ¢20

285X @14
/

285X 13

T e
T

#179 $219

(a) (b)

(c) (d) (e)

Fig. 10 Forms of outrigger floats
T )7 a—FOFEK



Biffilck~72 79—+ % Photo. 2R T L5107
V=T P YSIIEYOF, TN TNEYH
Lbe7oMidl, RELCARHZE52, BUY7
FEMATEEITCOMICBITAT 7 ) TORMEELILT
B R ERICESEL 12,

Fig.11iz7 v — @D & ENFE—IL FHIKROFIT
Hb, T7 VTR H LBz W2 ABEML 7275
B, BEEKFICTR2H00ESNREEICLNKE
CELL, ZDROME—~LTHBRITHE L 2T
) ZAN—T%HEANTLE -7, ZDOEAREEIC
BREBENHETL10mm L DILTENENIEL
Twb, ZDZEdb, AHAREZERET 2011
S ELT 7 TOEYVHLERVED B LIEF
DHBMEIC LB ERAT ) P ANMFI2EETLZ &
VBB EE2 L9,

Fig. 12i3()~(e R B MRKkN 7o — Mk 3
ME—LTHETH S, ZOEBTRIBBHILRAT )

Photo. 2 State of outrigger sinking experen
T b ) FORTERDKI

WE
0 2 4 6 tonf
O T T T
10 WOHLET
it I
T 20
=
30 }
« EEIZFIC & 5 &5
40 |
50 0
mm BRIOBRER

Fig. 11 Sinking curve of float(a)
7ua—k(a)ic &k 2T

B EE K ERGLIC BT 2577

2EEIPAL IEBEZH >R e Nzt - T
Wi, ZORIZIUTEMLZARKO 77— &1,
@BBVZAODT7Ta—rDFEIUT LIS o/t E
25, L LBIEFIGALL, EBDZL—2 2N
PRl EBRENE2ZA BN ER2EIDLE, &
Kopm A B 2 LI & ) B AR L ETH B
LEbns,

0 2 4 6 8 10 tonf

o —{S%

50 PR

(e)

Fig. 12 Sinking curves of several floats
HFHE7o— MEABOL TR

3.4 ER

WHD|ENAH B L &, MNBEIBRKICKL L EE
WHRANDERE— X2 PPEL BRI, PR
LIENAENRKIE 63TELTTH ) » oERX
BERLETES7TRHEONA Y DLHGDLLUTD
ENATHILUT LV, THbBBRENMMEETIZTNT
ZOFEBEICHLT B,

)7 Vv —>DlEEEASHETENEE, 7V—2D
BEENC & 22N FOEHE 5 2 5 EBHENIZ09~06D)
RTE 2 61, ZHBBSEICOWTHOELFER L L
TS Z i & D BUEETEATTREE & B,

By 7THEX#EZ2 CREER 2T, EEANA
IRE & EEAMEE— S —OMEZFETLZ 21
&) FEBEREOEEE— 2> F 2 RDBZEDTE
%,

WEEFDOT7 M)V TORTE2FRTE2HND 70
—FRULTLIZC W7 2— FZDOWTRETDRER,
A IZFERLICIEW L OrOMIBY»H 5 Z & HBL,
BERZZDORREL—IGRDHDL I EHTER, LL,
EBROHZHELTEOFMURITAI SR EILETD
59

PIE1)~QB)% BEAry e iEic @A L CREENDEML



BEN v —r DERKENIE

BIEE %KD, WICINIE TS L WT 7 Y570
— b EFT B ED TV —DERRENEIEICIRILD
LOLEFTHIRETH %,

3.6 BEXM

(1) BMIFEEWETE 6K %$2#/ p29
) FERIL | BAERBY2RCE (B 18) 42 [355]
738 (1976)
Q) BRW, FEIEDB X HEBW¥ESHIXE (CH)
48 [425] 11 (1982)
(4) WHEE, FAKD  KRBPUBOHE L TRE
AR e E





