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Analysis of Sound Power Level of Construction Equipment Loader
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Abstract This study analyzes the current state of noise from loaders that are often used on construction
sites and in factories. As a study method, statistical analysis was conducted on sound levels from 327
loaders sold since 2008 after production in Korea or from import. Results show the noise levels of
loaders produced when the noise management standard was stepwise-enhanced tend to be lower. In
terms of the relation between engine power and noise, as engine power output increased, noise rose by
1.4 to 2.5 dB(A). With a change in engine type to Tier4, noise was reduced by up to 2.8 to 4.3 dB(A).
In the group of large loaders at over 225 kW, the noise of made-in-Korea loaders and that of wheel
loaders was low at 3.4 dB(A) and 2.4 dB(A), respectively.
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Table 1. Number of measurements (Loader).

Engine Power (kW) =P
Model | Engine Wheel Track
year Grade
<55 | 25 | 2300 | 555 | Zoas| 2500
2008 Tier 2 28 43 12 6 2 0
2009 Tier 2 3 3 0 0 0 1
2010 Tier 3 1 9 1 0 0 0
2011 Tier 3 2 7 3 0 2 0
2012 Tier 3 0 11 1 0 2 0
2013 Tier 3 4 3 0 1 2 0
2014 Tier 3 0 11 4 0 1 0
Tier 3 0 19 4 2 1 0
2015
Tier 4f | 10 5 2 0 1 0
2333; Tier 4f | 44 | 45 21 | 5| 4 1
ALL 296 31
2.2 SSOd SFUY
221 ASEHE I8 24 7182
A471A S3relEd S AT AA7IA &
ST A @R TA] 2020-558)00 HAE 71A
g9 2700wt AASKETE 274 GA] AR B
kW) 1 &2 AdHold, AX M(Fan) 7Hs 24
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o ZAsiglt. 26 48 244 54 PHe 4A 9
mE 493 4 - 74 £ 488 Pislo] BRI,
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o] A} HYL B WS 9 AT 208 24
Ao 29 mEL A - 5 A4 24 422 S5
A =Holglon, AX RE= AFAS BHIE 8km/h
AEFL 4km/he] SET B o5, FAREE ol
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Fig. 1. Measurement of the sound power level
(a)Loaderwheel(skid)(b)LoaderTrack(skid)(c)Wheel Loader
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Table 2. Change of construction equipment noise
management standard.

A= AT I AAVA AT BAA AY
717K2008~2014.2)7 78714 A@e7]|E DA
7170} ST AT 3 HRE B9 ASTEAA AR
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Table 4. Comparison of the noise of the loaders

produced in the same period according to
Wheel Track each step of construction equipment noise
Grade | < 55¢P 225¢P | < 55¢P 225¢P management standard.
55 <225 <500 55 <225 <500
Stage 1 4 " " P " " Wheel Loader Sound Power Level (dB(A))
14 02.14 104|85+11*logP|85+11*logP| 106| 87+11*logP | 87+11*logP Grade = 55¢p 225¢P
Stage 11 " M N " 55 <225 <500
18.10.01 101|85+11*logP|82+11*logP|103| 87+11*logP | 84+11*logP 1053 1053 1086
Stage 1|11 lo) +11410gP|82+11*l0gP| 103]84+11*10gP)| 84+11*l0gP T B9 (63) a7
20°.10.01 5 s s s Stage 1 100.9 103.5 107.9
) (37) (42) (20)
Stage 1T 98.9 99.4 107.5
(N) (14) (14) (2)
Stage III 97.6 101.1 105.3
3. ) ® (14) ©
3.1 20 A3k g I AZE2[7|E Hw

20089 ©]F 20229 397kA] = A&t E $=9]=|o]
o 2o 32709 SPHYHEPWLS AT 2
T AL2%9] M 93.0~119.0 dBAE RAEQC
™, 103.6+4.1 dB(A)9] Bt 7= Aoz Yyt
tKTable 3).

Table 3. Status of sound power level by production year.

Year(N)

Loader Sound Power Level (dB(A))

1Range Mean+2SD 3GM 50th

2008(91) 95~113 105.3+3.56 105.3 106.0
2009(6) 101~118 105.2+6.61 105.0 102.5

2010(12) 98~111 103.3+3.55 103.3 103.0
2011(14) 101~114 104.9£3.58 104.9 104.5
2012(14) 101~114 106.9+3.31 106.9 107.5
2013(10) 101~117 105.9£4.30 105.8 105.5
2014(17) 100~119 105.1£5.03 104.9 104.0
2015(44) 99~109 103.2+2.63 103.1 103.0
2016(24) 98~109 103.6+3.02 103.5 103.0
2017(19) 95~109 102.4+3.86 102.3 103.0
2018(11) 96~107 100.4+3.77 100.3 100.0
2019(18) 96~109 100.2+4.40 100.1 98.5
2020(19) 96~108 100.1+3.44 100.1 99.0
2021(22) 93~109 101.9+4.14 101.8 102.5
2022(6) 97~103 99.5+£2.58 99.5 99.0

Total(327) 93~119 103.6+4.12 103.6 103.0

'Range: minimum and maximum, “SD: standard deviation,
>GM: Geometric mean.
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AZHAA 7|70l A 2o B ASE 2 &
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kW 23ho g o] 519t &2 wE Hd &
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Uehgow, 448714 &8 A9 194 AI719
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Table 5. Status of Loader sound power level depending on engine power(kW).

Engine Wheel-Loader Sound Power Level (dB(A))

Power (P=kW) 1Range Mean=+2SD 3GM p-value post-hoc 5th 25th 50th 75th 95th
O\?fzt;l@ 93.0-119.0  103.6£4.2  103.5 (Fffg'gi 4 97.0 1010 1030 1070  110.0
Ip<55
N 93.0-109.0  101.243.4  101.2 b ¢ 958 990 101.0 1040  107.0

b)

5(5N<:f1’5$32)25 96.0-1180  103.943.9  103.8 2001 a c 970 1010 1030 1060  110.0
925 <p (F=50.820)
e 1020-119.0  107.6+3.1  107.6 a b 1025 1060 1070  109.0  113.6

1 . P .
Range minimum ZlHd maximum,

7} thekstA Agato] Hok. T3t APAT A}t ZrjofA
s £2F A-ALZ0] 7FE 7]ogo] Eohe AT
A7} QlgleH(6], 2 dAFolME Xl &0l A
of uA FFE AHEIt

g 2HE A4 71AAE BE7EC] 2A 299
F7IEE 3 IFLSER o] EAE HAlSGd
(Table 5). A4 £42 SPSS package (SPSS
Inc,USA, Ver.12)& o]&5to], Azd+t, Fa-Fd, 7|
stgd, U5 71654 S AEsHlth &8 Al
2 59| ¥ ASE HEE ANOVAEAREA),
t-test& o]-8to] E4513Tt.

2o v g A7 &l wet ASEE BT 2
3}, 55 kW olste] 2r]9] F9= 101.2+3.4 dB(A), 55
~225kW o|5H= 103.9+3.9dB(A), 225 kW 23} 2
o= 107.6£3.1dB(A) YERgTh 2H9] 7 &3]
Z7FPEA 28 A% 271= 26 3.0 dBQY) A= &
7¥ehe Aoz BEAEQILh A &3y A% A
Lt EA-oz 9ust A3E HATHp0.01).

2o A= A7 EY gt e A2 FE &
A3t A3}, 55kW oJsh= 100.9+2.5 dB(A) 55~225
kW oJgl= 105.5+2.5 dB(A), 225 kW 23 A EE
7+ 110.0%1.4 dB(A) YERgTh 269 A &3o] &
7FetAA 157 A% 371 9F 4.5 dB(A) B= 37t
She 202 BAESItHTable 6).

P Az Feo] w2 ASEE vugt A3t
55 kW o} 717152 4&5% # &o|7F 0.3 dB(A) F=
2 T o] wE Zolz} wlnlstA e, 55~
225 kW oJ5lo] 717182 AL HH 1.7 dB(A), 225
kW 23} 7171 2.4 dB(A) A=A 2E7F A557 =
A bt o, 789 7171 dig7E AxAe A8
v g9l 10 % F=2I 31 o Fxrt B0} g5 glo]

g 23 & AE4o] ety A= Gk
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23D: standard deviation, *GM: Geometric mean,

Table 6. Status of Loader sound power level
depending on engine power(kW).

Engine Crawler-Loader Sound Power Level (dB(A))
Power (P=kW) 'Range Mean=+2SD 3GM
(;it;ll) 97.0-111.0  103.543.72 103.0
(I;\SZ) 97.0-1060  100.9%25 100.0
55&51352)25 102.0-110.0  105.5%2.5 105.0
2(21\?;)[’ 109.0-11.0  110.0+1.4 110.0

2
'Range: minimum and maximum, “SD: standard deviation,
3GM: Geometric mean,

3.3 T YA ME AT gt

SEuEte] 4474 A2 HiETEAs Aol ok
Tier1(2004)oll4 @A Tierdf (2015)°] A|FHIL o
H AX |8 Z2 Stage V AlFE IFL QUTHTIL

20 vyl E8kwW)ol WE Ak st 24 2
e 2 ETIONA XS] FA(Tier2, Tier3, Tierdf)
o wet AEFot AGE HIE BASITHTable 7).

55 kw olstol A 2zl FATF AFEXOl= Tier2=
103.443.3 dB(A), Tier3E 101.942.3 dB(A), Tierdf=
99.612.9 dB(A)E UEFFTE Tier2 WZoNA Tierdf
Arloz HAEHA 3.8dBA) A== Zo= Uehdth

55~225 kW mgte] 1&EeA <zl FA7F Ak 2}
o= Tier2&x 105.7+3.5dB(A), Tier3= 104.5+3.5
dB(A), Tierdf= 101.4+3.4 dB(A)Z Tier2olA TierdfZ
HAEHA &STE 4.3 dB(A) A% = ATHp0.01).

225kW &3 IF9 AR FAF AFE Aole
Tier2= 109.2+2.5 dB(A), Tier3: 108.5+4.2 dB(A),
Tierdf= 106.4+2.1 dB(A)E Tier20olA Tierdf= ®
AEHEA AFEE 2.8 dB(A) A4 HATHp<0.05). ==}
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A B Aol A el P4 Wt mEt Ak Fhol R2EE F 1§02 Wro] A5 E vudt 23}, =
FolotA BigdchE AL ERlstqrt. Ul BAAIES] B ASEE 105.1 dB(A), =] ABAHA]
Az Fol 7MY & AF2 55 ~ 225kWE 43dB(A) 2 106.4 dBAZE YErth =9] AJAkgo] = AJ4k
Aol H Aoz EAEI. wi7|7kAE M| 9 AFEY B 1.3 dBA) oMY =A Ve =W g4t
3 AAE dzlo] ARHoz Ag A AFE vepd  AE9] HFHA-F)E 95~109 dB(A) YEREL, =
Ao yepgon, TAA U 82 AF F7H 9 £YAEE 93~ 119dBA) WS A5k HYE UE
Ql A7t Eog Aoz ARECHS, 9. Wrh ASE B SR A9 50 %] AgEE A

Table 7. Status of excavator sound power level
depending on engine type.

Wheel-Loader Sound Power Level (dB(A))

'Range “Mean+SD p-value pﬁ)os:
P <55

Total (N295) 93:07109:0 101.243.4 -

“Tier2 (N=29) 95.0-109.0  103.4+3.3 c
B _ 5 p<0.01

Tier3 (N=18) 98.0-106.0  101.9+2.3 (1554  ©
9Tierd (N=48) 93.0-106.0  99.6+2.9 a b
55¢ P <225

rotal (N=153) 96.0-118.0  103.943.9 -
9Tier2 (N=48) 99.0-118.0  105.7%3.5 f
s _ 5 - p<0.01

Tier3 (N=55) 99.0-117.0  104.5%3.5 (F220.762) f
Tier4(N=50)  96.0-108.0  101.4+3.4 d e
P { 225

rotallNo4g)  1020-119.0  107.6%3.1 -
9Tier2 (N=12) 106.0-113.0 109.2+2.5 i
B - _ p<0.05 _
Tier3 (N=13) 102.0-119.0 108.5+4.2 (F=4.376)

"Tierd (N=23) 102.0-109.0 106.4%2.1 g
1Rangei minimum and maximum,’GM: Geometric mean
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Fig. 2. Status of sound power level depending on the

area of production (domestic - overseas)
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Table 8. Sales ratio and sound power level by output
depending on the area of production.

unit:dB(A)
Origin
Engine -
Domestic oversea
Power T - T -
(W) LM Ratio LM. Ratio
dB(A) (%) dB(4) %)
<55 102.3 23.6 102.5 37.4
55<P=<225 104.9 55.5 106.6 49.2
225<P 107.0 20.9 110.4 13.4
L.M.: Logarithmic Mean
4. 48
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4 58S Yal £3o] B2 &Y S AMESHHA
WEEE Ad0] B 425 F7MIR 208 4Tt

3) B9 5 HAlo] e &Sk MW v ET
A=y 22 £3 7oA &% Zol& 55 kW o]s}
£ 0.3dBAE AJ%E o7} ululshA Yrehsal, 55~
225 kW oJsk= 1.7 dB(A), 225 kW %231} BEj9] 4 8%
L 24dBA)E AEE U7} 4257 A YERdth
A=d Zo7t A= T2 dF vido] 124 &
skl AHet o E ofgt FHA olFstr] sk
AMElE FRHIEolA WA ol ATt 2R F3 HE

S olEsl] s AXY EHS =A AMgstedl 7]

=

7
A

234

U5k Ao Az,

4) QA Aol Tier2 — Tier3 — TierdfZ 3HAZ
HARHA A AR 74 EEE 55kWe 3.8
dB(A). 55~225 kW o|stollA= 4.3 dB(A), 225 kW =
ol A= 2.8dB(A) AHE AR Uehydth wi7|7kA
TAIE AT 7171 AA W0l & Aoz BUHE
Ql BIE 7L AR I

5) =W AR £AAE w2 AT v|w F3 2
o v FL U AF A% B 105.1dBA),
=9] A& 106.4 dB(A)CE = AlEo] 1.3 dB(A) 2
AoF Yttt £ f2 2y - 9] AT Hd &
2T 2 &9 55kW ol 7]7152 Fol7t gigle,
55 ~225 kW 7171 = A4 AlF 104.9 dBAE =
9] AAIE Bt 1.7 dB(A) RA EA=H. &9 225
kW 2=l dy2es S AAAE AT Bt
°] 107.0 dB(A)Z &Y AFHTt 3.4 dBA) WA &4
=Holth &, &8o] 32 Ay 2r9] AL Iy - g
Ao M2 A Aol glolou, &8o] w2 o
3 2o U A AEo] Y ARES &S W

o Hee vepit.

AHINA % 2E9] 280 B AT Ae GF 3
ARBOIA] ARk 2847 9 oA Hoke R

At 71A A" Al 712 Am= Ego] ZHetH.
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