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Measurement and Countermeasures of Induced Electromagnetic
Field on a Rough-terrain Crane due to Medium Frequency*

by Hajime TomITA**

Abstract: The sum length of the boom, jib, and wire of a large-scale crane may reach about 1/4
of the medium frequency wavelength. Such cranes may be effective medium frequency receiving
antennas. Thus, the induced voltage at the hook of a crane located near a medium frequency
broadcasting station may become high, which may result in electric shock to workers.

To suppress hook voltage, a conductive wire is fixed along the boom of the crane and grounded
via an inductor and a variable condenser, which change the resonance frequency. Alternatively, the
height of the crane body may be changed to decrease its capacitance to alter the resonance
characteristics. A feedback circuit to cancel the induced voltage at the hook has also been proposed.

Recently, guidelines from ICNIRP and the Ministry of Internal Affairs and Communications have
been proposed to protect the human body against the bioeffects of electromagnetic fields. To
provide information to workers involved in working with cranes and to increase our understanding
of the conditions in electromagnetic environments in typical crane work, the electromagnetic field
around the hook of a rough-terrain crane in a high electric field of medium frequency was measured.
The experiments indicated a field of more than 800V/m in the vicinity of the hook. To mitigate
this high electric field on the shop floor, a parallel resonance circuit was formed between the chassis
of the crane and the ground to change the resonance characteristics, and the electric field in the
vicinity of the hook decreased to 500 V/m.
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Table 1 Installation conditions of a rough-terrain crane with a rated capacity of 50t.
ERFEESOZ 7 TL—2 7 L— 2 DRBEMA
Height of boom | Boom length Boom Jib length [m] | Jib angle [°] Wire length Hook
base [m] [m] angle [°] [m] height [m]
3 39 80 14.5 35 48.5 1
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Table 2 Resonance characteristics of the crane model made of steel wire.
T14Y8y L -2 EFILOHEIRESH
. Resonance
No Condition frequency [IMHz] Impedance
@ [Crane model made of steel wire 73.84 8QL—1°
Crane model made of steel wire of which 8.2pF °
@ was added in series at the bodywork part 98.16 40Q£13
Table 3 Frequency characteristics of a crane model with addition of the parallel resonant circuit.
7 L= ETILAOQHEIREBRINC & B BIREHHE
f T Hia Resonance
Mo Condition frequency |MHz) Impndunce_
{Crane model made of steel wire of which B2 p
@ was connected in series and a current sensor was1 92,54 OOy £—F
inserted at the bodywork part
0,47 pH was connected in parallel with 8.2 pF in i Ak} £=24°
@ Londition q pi.E2 at 92.84MHz
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Fig. 3 Current waveforms at the base of the boom
part with and without the resonance circuit.
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Fig. 4  Electric field strength distribution at the
experimental site.
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Fig. 5 Setting scene of the rough-terrain crane.
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Table 4  Dependence of total capacitance of the crane

body and inductance at resonance on crane
heigh
JL—COREFELHIRERA 4752
ADEE KN

Crane height [m] 0.5 | 0.6 | 0.7
Total capacitance of

the crane body[pF] 1750 | 1680 | 1631
Inductance at
resonance [nH] 15.9 | 16.6 | 17.1

LAREZE30~-3IMOFHTEL S/ TDLET Y b
A T7a— ML, ) AP, $kFTHEE
ENAREOBRAK EE10cm) (Fig. 6) # K o
BHCIEA L7 GEFWIEEIRETHY, DT, [Hfs
Ll &w9),

T/, EFNVEROMELER LT, WIRGHEEZE
ZB720\Z, 7 L— Y OBRTFICHESREIZEL,
INEWHIIRT A 52 5 v 2%k Lz (LT,
FIEFI LR BEAINEE ] & v 9), BEARERIZIEE
T h)A 78—k A0cme) EMABICT 7L
W (EE10mm) 2FALZ. £ V¥ 277 v ADES
M2 ke 2 fEFICT A2, T YA 7a—HE
77 VKB R OT 7 ) VAR EBRRIZ I E R ENE
E2mm, 1mmOTIVI=ZTAHEHALL, B
B TOHBEBRRIZILD 7201212, BARTEROHFEIC
F2mx10mDEM (1mme, EZOEI10mmdD 6
) ZEME, 7o M) 7a— MEOBKREO T IV
S AREESE ERICE o TESE L, 20k
EOWMBERBEZIHETALERDE IR E, T MY
78— MERIZOWTIE, 727 VRO ILFEHS.0,
E&10mm, 77 b)Y F 70— FOEFELO0cmTH 5
DT, 334pFe b, ATy V) H 70— T
DOFBAERDAEFNII335pF & & 5, BRERG I, ¥
Y=Y —ICHHl, v 7 TR0 Ho THMREIRE
LTWwWb, T TIRHEARTEZ PFHRICHEMLL TE R,
FERD 7 L — AAEERIC BT B HEAOR T ERIH L)
5R05mTH o722 eh b, BAROH LFEZ0.5, 0.6,
0.7mDFA EREL T, HIKE 77 MY F 70— M
L PR i EARERD Iz, 954kHz TIHIRT 5 A
Y0y AMEE OBRERD S L Table 4 1275,

AN EITIZEMR-200 (BBA © type8 (JI7E 1 #E
TR EFRE DR KMHE:800V/m), H typel2) AW,
e K WIREAE 2 02 L 720

— 113 —
1200
—0O— Height from the ground=0m V/v
1100H _ 0.6m
c 1000 H ——1.1m A
S; 900 | ——1.7Tm -l
< ~
ii 800 | N
2 700 v
£ eoof
] [
° 500 B
@4%-3;74
g 300}
g 200F ° _—®
oo100f ———g—8 —n0
A a8 o—o—o—0—7

30 32 34 36 38 40
Boom length{m]

* Over 800 V/m is the value indicated on the EMF meter and is inaccurat
Fig. 7 Dependence of electric field under and above
the hook on boom length.
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Table 5 Relation between inductance and hook
voltage.
1898 A BET v YERE
Inductance[ uH]| Hook voltage[Vp-pl
15.3 1.20
16.9 1.31
17.8 1.34
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Table 6 Magnetic field strength and estimated
induction current at the base of the boom.
T—LEREABRTOHERABE LIHEFES
P

Length| Without With
counter- | resonance
measure circuit

Side 1 [mA/m]| 0.8m 125 100

Side 2 [mA/m]| 0.8m 290 150

Side 3 [mA/m]| 0.6m 158 85

Side 4 [mA/m]| 0.6m 90 120

Hydraulic

cylinder partj0.3m ¢ 390 200

[mA/m]

[Estimated

induction

current at the 909 543

base of

boom [mA]
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Fig. 12 Crane model for numerical calculation based
on the finite element method (half model).
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Table 7 Physical properties for the numerical
calculation model.
RESHEET IV OESMETH

Conductivity [RelativeRelative
[S/m] permit- [permea-
tivity  |bility

Crane 5.80E+06 1 1000

model

Reinforcing 1.00E-12 3 1

late

Soil 0.007 13 1

Air 0 1 1
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Fig. 13 Relationship between medium frequency
irradiation of the crane model and hook
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