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ABSTRACT

In this study, we analyze the rattle noise of a power takeoff (PTO) driveline and develop a PTO driveline
resonance model. We measured the rattle noise of the PTO driveline on the output shaft and, by analyzing
the rattle noise in the time domain, we determine that the engine expansion stroke period matches the sound
pressure of rattle noise. This finding helped us demonstrate that the rattle noise is caused by the collision
between the PTO driving gear and the gear driven by the engine expansion stroke; the torsional vibration
caused by this collision is affected by the angular velocity fluctuation of the PTO drive shaft. By measuring
the angular velocity of the PTO drive shaft, we confirm that the angular velocity fluctuation of the engine
flywheel tends to excessively amplify the PTO drive shaft angular velocity fluctuation. We conclude that the
resonance, which occurs when the operating frequency of the engine is close to the natural frequency of the
tractor power transmission system, causes the excessive angular velocity fluctuation of the PTO drive shaft.
We performed a modal analysis of the PTO driveline resonance and, using the characteristic equation, we
show that the resonance occurs when the engine rotation speed is close to 850 rpm, which matches the
natural frequency of the PTO driveline.
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Table 1 Specification of tractor used in this study

Items Specification
Weight, kg 3,400
Rated power/speed,
. KW/rpm 75/2200
ngmne Rated torque, Nm 430
Displacement, cc 3400
Speed, rpm 540/750/1000
PTO . .
Driveline type Direct
2. PTO M EElele] 2l & &8 &4

2.1 )\|%=-||;HAI- EEHE.[
Alge] A" EEE &Y 75 kW(101 hp),
2 3H4 2200 rpm?] A WS HAEA
52 3 HE(power shuttle)e 23 T3 E
Holth. Al EFE Y FHHAIAE= A, 2

WE), AEARN, AF WS, HE TE
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2.2 PTO M=2ole eig &8 53

PTO A&l e &5 S £4& 18
19] Aol wa} FREdn w3, 54 5 S
Aol AHg-E Aule] Ade & 29 2t

T a9 FAL Az F3Addle) £511 850
o]

pmol A FHE AT Aol A P F7|(A

o M FH)% AE 280 WAE 7Y
slake] 1% 29} ol PTO W& i 817

Table 2 Specifications of equipments used for
measurement and analysis of rattle noise

Borels) Sig A uE
7w AFHS %ago}giq
a2lsly) $iste] E2E PTO %
e MLsida, Add
(modal analysis) .= PTO %

}-E

Equipment Model Specification
Signal B&K 4ch. signal analyzer
analyzer 3560 50 to 6400 line FFT
. B&K Sensitivity: 50mV/Pa
Microphone

4190 Freq.range: 1Hz~20kHz
B&K | Sensitivity: 31.0pC/g(£2%)

Accel t
cocierometer 4382 Freq.range: 0.1Hz~8.4kHz
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Fig. 1 Block diagram of rattle noise measurement

and analysis

(a) Accelerometer

(b) Microphone
Fig. 2 Location of measuring sensors installed on

the tractor
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o 7]A,
ORDER,,,, non: = dominant order
of engine
N yiinger = number of cylinder
N,y = cycle number of engine
n.-e ORD ER(]{)min,u,nt
B 60
o 7]A,

f = engine excitation frequency, Hz

n = engine speed, rpm
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o W& FaFe A7) Yste] A& A
L FIAh A Fefold o A&= W
Z ] PTO T-5%9] Zt&x WE< nEY
S

& 71°1(driven gear) Abolell ) ZH&EETt F
7}ste] B E ASo] whaysiiisl

PTO AFehdle] ZA&Es Az Zehold 7
PTO T&Fol4 FAAT A Zgjold
o] A& == mavE Y AAE AHESH
etk WS B4Rl viady Hg Al
Eeteolg9 71o] ]9k 1 mm °Juie] A
Edhold 7loo IAUHR FHom A
Akt PTO 7852 Z&=s ZEE <
I E ARt SA3AT I7™ 5(2)2 5(b)
T 747t Egbold s vy " Al
A9}, PTO T5Z0] 2HE AFHE HAH
Aolth. & 38 ZAEE Ao ALgE A

R A1
2 1 o

¢

@

Ef <l 850 rpm, 900 rpm, 1000 rpm, 1100

o AYE

2% Aolr.

p
rpm, 1300 rpm, 1400 rpm, 1500 rpm ©l Tiste] =

Q)

(a) Magnetic pick-up at
flywheel

(b) Rotary encoder at
PTO drive shaft

Fig. 5 Location of measuring sensors installed on
the tractor

Table 3 Specifications

of equipments used for

measurement and analysis of angular

velocity
Equipment Model Specification
Sampling rate :
200 kS/sec
Counter time base :
DAQ DEWE-43 102.4 MHz
Counter resolution :
32 bit
FIV COCO Input frequency range
. RESEARCH : 0.04 ~ 200 kHz
converter KAZ-723A Resolution : 6.25ns
M_agnetlc Photos 1101 Voltage output :
pick-up series 15V. peak — peak
sensor Resistance : 350ohms
Autonics Incrt?mental type
Rotary Rotation per pulse
E50S8-500-
encoder 3-T04 No.: 500
Output phase : A.B.Z
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Table 4 Property of PTO driveline components st 19 99} o] PTO &8 F9 7[R E Y
] ” SIANAT ol EHYE TF 71°l(driving gear)
) ) C, — . - -
Name kg.mm’ | Nm/rad | Nm.sec/rad ¢k 75 7]oi(driven gean? 1, 2, 3& S7F A
Flywheel 854450.0 - - HAERE o2& AgsAri
Torsional damper - 13923 0.477 7t AHALRUNESE HE&3 PTO HEe
PTO input shaft | 19841.0 | 16391.2 0.068 232 qz Zgo)d, PTO E8 X, 4719 =2 =
Drive shaft #1 3323 14117.2 0.034 o] F2o]7 6 Af-E(degree of freedom, DOF) A2~
IO e T N Yoz FHsgon, Al 1§ 155 o
Drive shaft #2 1266.2 19016.5 0.078 Mo HE2 74 ASE 2 GRS A o
Drive shaft #3 2023.6 | 66613.6 0.185 B ]_E U/w: R _':E“E] " © ;’ = 1A=
Gear (58T) 196737 | - - BE Z 8452 WS At s ddsin
Gear (55T) 23087.6 - -
Gear (51T) 10488.1 - - 43 PTO MEEl2le 25 WH4A
Output shaft 6637.3 - - 233tk PTO Asehele] &% W4 4
()3 2ol WAoo Uepd 5 e,
4.2 PTO &2 25}
PTO HEehle 17 83 o] Azl Felod, ({ot+ [al{o}+ [K1{oy={T} (3
HEY A @), 4719 PTO HFZ, PTO
2207, PTO WHEE AR Ao 48 B oA
A= vEd W¥E AA PTO FHAR HFH [J] = mass inertia moment of inertia matrix
o 2 dgd £3= PTO 7E5S Ad [C] = torsional damping coefficient matrix
4= i 1] 3]
PTO W8] -5 7]0](driving gear) Bt 715 7] [K] = torsional stiffness matrix
: =8 A2 o =
ﬂ(drlver;gear)i AgsH, AFHe2 PTO 29 {#} = angular displacement vector of each
ol dgdn components
BFste] HZo] PTO MEgelel uf EF
{T} = torque vector
PTO PTO PTO
. PTO . - . PTO PTO
Engine TI'())rsmnal input drive » PTO » drive » drive » gear output
amper shaft sl:;ft Clutch sl:;ft sl:;ft P shaft

Fig. 8 PTO driveline and block diagram
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Engine PTO drive shaft PTO gear box

Engine PTO drive shaft PTO gear box
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Fig. 9 Model of the whole PTO driveline and 6 DOF model of the PTO drivelinde

= WA Ao AL P4a [J], [C], [K] 2 9 Table 5 Property of mass moment of inertia and
B {9}, {T)}= 22 X9} 2}, torsional stiffness
Mass moment of inertia, Torsional stiffness,
; kg.mm? N.m/rad
N E=glole = sl A

4.4 PTO HS2telol 5E o4 7, 854450 5 13923

2E 4 9T PTO HAEFeiele SAHAA J; 19841.0 k; 16391.3
< 4 @S 2ol ek = lon, SEANANS Js 3323 ks 14117.2
o] g3t Alxwle]l I-fFk(eigenvalue)S A4+ Jy 19156.7 ky 19016.5
F Ak A @F Adstd de afigd af Is 1266.2 ks 66613.6
2

T #AE A (9 vErd 5 ok Js 94014 - -

E S5t AYAANEWE PE vEH A9
EAXE AT Aolx, E 62 4 DY 5O Table 6 Natural frequencies of PTO driveline
°l-8skel PTO AFeelel afr AssE AL Number Natural frequency, Hz
Aelt 1 0.0
2 26.4
det (K—\J)=0 ) 3 125.3
4 248.8
L= (5) 5 1364.0
n=1, 2, - n 6 1531.5
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Fig. 10 Frequency response function of 6-DOF PTO
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