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Research on fast integration system for measuring inertial
parameters of powertrain

Wen Jingjing, Deng Dan, Tang Hailiang, Wu Bin

(School of Astronautics , Northwestern Polytechnical University ,Xi'an 710072 ,China)

Abstract: Aiming at the problem that precision, efficiency, security and cost could not be balanced with existing inertial parameters
measurement methods of powertrain, a fast integration system for measuring inertial parameters was designed. All the inertial parameters
can be measured by this system in one installation and less than 90 min. A small sloping angle method was proposed to ensure the
measurement security of products in comparison with traditional vertical, side lying and suspensory installation method. The actual
measurement results of standard specimen show that the relative error of mass measurement is 0. 024% , the maximum absolute error of
centroid measurement is —0.2 mm, the maximum relative error of moment of inertia measurement is 0.91% , the maximum deviation of
orientation angles of principal inertia axis is —1.79°. The comparisons with 4 common measurement methods show that the measurement
precision is improved significantly, the efficiency and security is higher, and the cost is moderate. This system can easily be applied in
real application and adapted in multiple products’ inertia parameters measurement.
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Fig. 1 3D model of measurement device
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Fig.2 The schematic diagram of base package
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Fig.3 Establishment of coordinate systems
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Fig.4 The schematic diagram of sensors installation
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Fig.5 Measurement principle of centroid in height

direction
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Fig.6 Measurement principle of torsional

pendulum method
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Fig.7 The angles between axes of spindle coordinate

and the axis of torsion bar
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Fig.8 The schematic diagram of six measurement positions
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Table 1 The six positions used to measure moment

and product of inertia
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Table 2 Comparison of theoretical inertia parameters and actual measurement inertia parameters of standard specimen
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Table 3 The actual measurement data of inertia parameters of powertrain
Bt frf/mm SRR (kg - m®) BERY (kg - m®)  ERESHHE (kg - m®) LRI AL/ ()
X§ v oozZb 1 f S 1L L L L X vz

28 Pil/kg

8.58 71.59 93.93
S 383.27  243.47309.53204.6913.31533.36837.133 5.577 1.764 0.574 11.32  30.06 37.27 71.63 18. 41 91.20
85.89 89.90 4.11

5.2 HAMBENER LA A FREE- =22k A b (- = SRR M b
T 10 FF 7 % S B 3h F7 SR AT Sz, 90 min  ATER FEXTIERS B I ACRkR & A A 4 ANy

Z W EDSE A IR 2 3 R, AT a e AT R BARINGR 4 ~T7 BN SR A NI XS LR L

FRPEREE /N A T ALk e Rk, Bz SRR AR BIIRA SO 145,791

1 AR SRR R A I 4 ~7 FPRCa RN 2 AT 0L, AR SCRITE 2 B — A AL

LRGN RER R Uy P A7 S BT, O LA 2

A& L A ASAS Oy T BAT W R AR
P x4 WERBEXLL
Table 4 Comparison of measurement precision
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Fig. 10 The actual measurement diagram of powertrain AR E fiL-
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Table 5 Comparison of measurement efficiency
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Table 6 Comparison of measurement security

A5 vk TRVEBFE FHNA AP
Bk T R LA 13 5 R R 1o 0 11 L 5 s ) 7 s e #5 #
Plas ik ERE =5 i RS /s EXTpE Al [
PR E - =Bk SLSZ ARSI DA 5 T T BHAEL AR A LA 3k B8 52 (248 3 4 155 D12 000 <7 % {iS
AR AE - = 2k R R AR T A5 R AR 1o 0 11 L 5 s i o7 e e #5 +H
RERL LR e, O] B 2 e VAR FE I [

RT AT
Table 7 Comparison of cost

I 712 ABFE FENE HAPAL
e £ ik PRSI I B A B KAt i LA it oA
DIRAYINES K&C ik & , MIMS Btk SHA R 5 [
PR - = 2Rk WHLBEA, O B A BRI ik
AR AE (i - =LA =ARARIN X oA
KELG ARSI S i — R H

RBHES BB S HR LT ], KA HOR,2013(7)
6 % it 25-29.

B T ISR SRR AT
D ST TR 20T . AR RGEAEE T HAB R 20
OTEA DU R DDA B A K i s A — Ik
IO S MR R A
sk IR0 I 45 AR 25 4 BES Se/)N BH G AR R
AN RS TARGE RIS, R ST B I LB D o, A6 DR IE I o
H BER RIS , ARAIE T a2 e s A S o e
2090 RS0 ], 58 6 A1 0, 72 A, 5
MEAET IR EBRAEASHE L ZRGEHET,
WS 5T RERTAMABESEETE 5, RIS T R
IFRRCR . 2 1 6 R S B L B R 75 i0F — D4R
A

B3

(1] Rk, 8K, RO, 3T B 4k iR 48 ) s i)

(2]

(3]

REN Y L,ZHOU H,SHU Y. Research and identification
of rigid body inertial parameters of vehicle powertrain
based on mass line method[ J].
2013(7) : 25-29.

LU SH W, FENG H H, ZUO ZH X, et al.

Automobile Technology,

NVH
optimization of vehicle powertrain[ C]. Proceedings of the
FISITA 2012 World Automotive Congress.
Berlin Heidelberg,2013.:141-149.

T RSO, TRIERE, . SRR B 4 1A 5 e 4
— A RGBT [T]. R R A, 2012,
33(7) :1634-1640.

WANG CH,TANG W Y,ZHANG X L,et al. Design of

Springer

mass property integration measurement system for large
size non-rotating hodies[ J]. Chinese Journal of Scientific

Instrument ,2012,33(7) :1634-1640.



2 it 45 B ) BB S KR — A R ST T 359

[4]

(5]

(6]

(7]

(8]

(9]

(10]

[11]

SRAREL, 5 R WA A, 2. Bl B B Bt A
ZRBORI S HTFE [T ], WIABL#4R,2009,27 (1)
81-86.

ZHANG J H,BI F R, HU CH L,et al. Investigation on
the test bed
powertrain[ J]. Transactions of CSICE,2009,27(1) :81-
86.

K6 NEE, Tk, ST TR BN
WES ORI )], ARHLHL,2016(3) :59-61.
XIA G L,LIU CH L., WANG H Q. Experimental study on

of mass-inertia  characteristics  for

rigid body parameters of powertrain base on mass line
method[ J]. Construction Machinery,2016(3) :59-61.

W bR, B2 S ) SR S B B [T ]
IS 244 - T 24 ,2015,36(6) :99-103.

ZENG F L, GE P Y. The identification of inertial
parameters of the bus powertrain [ J |]. Journal of
Zhengzhou University ; Engineering Science ,2015,36(6) :
99-103.

FGRRE, 2 . BT K&C IR B I3
TR RS AT AV LT ], KB AR 24,
2015,29(6) .:467-472.

LI F, ZHU T J, JIANG Q W, et al.

measurement research on inertia parameters of vehicle

The accurate

powertrain based on K&C test rig[ J]. Journal of test and
measurement technology,2015,29(6) :467-472.
FRUKE, T 42, 9800, 5. I BUHES RO il &
BEPES TSR] AL iR, 2014,
45(6) :1-6.

GUO K H,DING J Q,XU N, et al. Kinematic analysis
and calculation of inertial

automobile parameters

measuring device [ J ]. Transactions of The Chinese
Society of Agricultural Machinery,2014,45(6) :1-6.
FESOR, R B, T, A RS B
BHESHOX EmE W kK LT]. R LR
2010,23(2),119-125.

SHANGGUAN W B, HE L Y, TIAN Z L, et al.
Development of an equipment for measuring the center of
gravity and the moments of inertia of automotive
powertrain[ J]. Journal of Vibration Engineering, 2010,
23(2) :119-125.

JE IR . R T = A Bl g A A T 2
LI]. BRI ,2013(7) 14043,

TANG X F. Measurement of inertia parameters of
powertrain rigid body based on trifilar torsional pendulum
method[ J]. Shanghai Auto,2013(7) :40-43.

OKUMA M,HEYLEN W,SAS P. Identification of rigid
of 3-D structure by MCK

body properties frame

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Proceedings of the 25"
Modal 2001 .

identification method [ C ].
International ~ Seminar on
1217-1223.

BUTSUEN T,O0KUMA M,NAGAMATSU A. Application

of direct system identification method for engine rigid

Analysis,

body mount system[ R]. SAWE Technical Paper Series ,
1986.

IR, T 4 4x, BE UK, AF. R R S HO & T
FELI] RZRE R AR, 2014,34(5) :152-
160.

GUO K H,DING J Q,XUE B, et al. Inertial parameters
measuring:review| J |. Journal of Chang’ an University:
Natural Science Edition,2014,34(5) :152-160.
BETEAR , SO, XA AT 5 5 A Sl B Y
ZEorirl )] 5 55441, 2009,29(5) 1 76-78.
HUANG D D, WU B, LIU J P. Error analysis for
measurement of missile’ s movement inertia with torsion
pendulum[ J]. Journal of Projectiles, Rockets, Missiles
and Guidance,2009,29(5) :76-78.

HAN L F, TANG W Y,LIU Y M, et al. Evaluation of
measurement uncertainty based on grey system theory for
small samples from an unknown distribution[ J]. Science
china Technological ,2013,56(6) :1517-1524.

SR, B ORI WA 2 B ) i = 2 42
ARG ke (], TR J5%,2007,24(7)
59-65.

SU CH Q, LV ZH H.
identification method with trifilar torsional pendulum for
rigid-body [ J ].
Engineering Mechanics,2007 ,24(7) :59-65.

WP, XB i, ST AT AL B R SR 1
el B 2 B AT 5T [T ). PLBORE 5 5 £0R, 2015,
34(12) .1891-1895.

CHEN P,DENG G F, WU H Y. Research on integrated

Improvement of experimental

inertia properties of large-scale

measuring device of mass property parameters for aircraft
model [ J].
Aerospace Engineering,2015,34(12) :1891-1895.

ANSARI M Z,NIRALA A K. Assessment of bio-activity

using the methods of inertia moment and absolute value of

Mechanical Science and Technology for

the differences[ J]. Optik-International Journal for Light
and Electron Optics,2013,124(6) :512-516.

WRRE AR, TR, A AR, SF. R R SAL T i o 0 3K
ARG HARZEHT[T]. AR 2241, 2009,30(4)
862-866.

YAO G N,WEI ] H,ZHAO X L,et al. Design and error
analysis of high accuracy inspecting system for measuring
the centroid and centroidal deviation of bullets [ J].

Chinese Journal of Scientific Instrument, 2009,30 (4 ) :



360 & A x ¥ $38 &
862-866. Wen Jingjing received his B. Sc. and M. Sc. degrees from

[20]  #yiciH, St sALREFOE R[], s Northwestern Polytechnical University in 2013 and 2016,
55274 ,2006,26 (3 ) :126-128. respectively. Now, he is a Ph. D. candidate in Northwestern
QIAN Y B, WU B. Study on the measuring method of Polytechnical University. His main research interests include
missiles quality and centroid[ J]. Journal of Projectiles, mass property measurement technique, test technology of
Rockets, Missiles and Guidance,2006,26(3) :126-128. mechanical environment.

[21] 2, it Tl HLas Nz 3h2r S50 58 1R 25 AT R CGEIRAE# ), 53 5 e 1987 450
SEEBESE L] AU AR 2 i, 2014, 35 (10) 1998 AEAEPY AL Tolk K2 i b A -2
2192-2199. B, BN PEAE Tl R~ Bl o A2 0
LI R, QU X H. Study on calibration uncertainty robot FEEWFIE T 10 R BT R AR AR 27 3R
kinematic parameters[ J]. Chinese Journal of Scientific B ARN g5 7 N
Instrument, 2014 ,35(10) :2192-2199. E-mail :1915321940@ qq. com

G Wu Bin ( Corresponding author ) received his B.Sc. and

iR AR, 70 7E 2013 4FF1 2016 4R T4
LTl R AR A2 A A AR 207, B
[E | N A B s 2 0 T L )
BRI R T2 R B HAR
E-mail : wjj1990@ mail. nwpu. edu. cn

M. Sc. degrees from Northwestern Polytechnical University in
2013 and 2016, respectively. Now, he is an associate professor
and master tutor in Northwestern Polytechnical University. His
main research interests include mass property measurement

technique, test technology of mechanical environment.



