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Testing and Measurement Technologies to Realize “Comfort” and “Safety/Secure”
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New Experimental Method for Mechanical Analysis of NVH Issues

o BB
Hiromichi Tsuji Hiroshi Shimada

woofE
Eiji Takahashi

SR S
Satoshi Takabayashi
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Summary

The need to improve NVH performance with lightweight structures continues to

rise due to market demand. In addition, countermeasures to make NVH compatible with other
performance aspects are required. As an example of a solution, this article introduces a case study
on road noise. An experimental method to analyze the mechanisms of phenomena is necessary in
order to solve pertinent issues. The road noise phenomenon is generated by a change of random
displacement input inside the tire contact patch. Since the existing 3- or 6-directional
electromagnetic shakers have a flat surface at the tire contact patch, these shakers cannot excite
the vehicle in a manner representative of actual on-road road noise input. Therefore, this article
presents a new experimental method to measure the road noise vehicle transfer function.

Key words : Testing , Vibration, Noise, measurement, road noise
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stiffness fluid stiffness
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Displacement u,= ¢S§s [m] pressure p=¢ [N/mz]
Ground _ Velocity =
reaction force f g KSMS potential 2 ¢f gf
Modal structural é: Modal fluid é
displacement s displacement -
Modal structural ¢ Modal fluid ¢
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Modal structural — 47 Modal fluid — AT
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Modal structural =47 Modal fluid =g7
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Quantitative Measurement Method for High Frequency Noise of Electric Vehicles

Hodofm i
Shinya Tanaka
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Masaya Gotou
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Takaaki Yamanaka

)] i EV/HEV Tld., E—4 A Y N—=F R @R L= v MSEIRIEE 72 0 BEDEET L HN
MENTVD, ZNEHOREFITAMFT WA LIMAAREE LS EENISHWTEEY 22 572
O, RO WELGORKELFINT 2P LV, 22T, A 2705 T LAICE25H7— 5 2312
KO WEBHORKEAHEET AT N T ARV A7 A% L7,

Summary Electric units of EV/HEV, which are motors or inverters, are known to radiate high
frequency noise. The noise creates a strong interference field in the cabin. Because the noise
character has a high frequency and is close to a pure tone, we have difficulty measuring the
maximum sound pressure level in the field we wish to target. We therefore developed an
algorithm that can estimate the maximum sound pressure level in the field with the measurement

data of microphone arrays and a measurement system using the algorithm.

Key words : Performance, noise, measurement, sound, high frequency
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C Ty kIR, SR S S O, (TR
fCTH 5D

M-1 FEHRCRRINSEHET I
Fig. 1 Sound field model by plane wave
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Axis Ay :

Py = Siexp (- ikro) + Si'exp (ikri)

P = Siexp (-ikrncosf11) + Si’exp (ikricosf1)

P, = Siexp (-ikripcosf12) + Siexp (ikriacosfs)

Ps = Siexp (-ikriscosf13) + Si'exp (ikriscosf1s)

Axis Ay :

Py = Ssexp (-ikra) + S2’exp (ikra)

P = Ssexp (-ikracosf2) + So'exp (ikracosfa1) (2)
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Ps = Ssexp (-ikrscosfss) + Sy'exp (ikrycosfss)
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Ps = Ssexp (-ikrscosfss) + Ss'exp (ikricosfss)
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Experimental Technique for Improving Riding Comfort of Seats using Six-Degree-of-Freedom Vibration Exciter
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Summary

Recently, demand for riding comfort is expanding as destinations and high

performance increase. Therefore, in addition to evaluating conventional vehicle vibration, it is
necessary to evaluate effects on the human body in terms of vibration and pressure in the human-
vehicle interface, such as seats. We developed an experimental technique for improving the riding
comfort of seats using a six-degree-of-freedom vibration exciter to reproduce seat vibration
behavior in various running situations. In this article, we introduce the characteristics of this
experimental technique with two examples that produced improved riding comfort by measuring

the effects on actual human bodies.

Key words : Vibration, ride quality, seat, dynamic characteristic, experiment, road test,
harshness, six-degree-of-freedom vibration exciter
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New Portable 3D Measurement Equipment for Simple Measurement of Fit & Finish

w o M A iR H 2y T OH VAN o om o
Masakazu Arai Nozomi Iida Chikara Fujita Tomoyuki Usui
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Kouji Kawata Nobuhiro Mori Yutaka Satou

w = HENHE LB - FHET 29 2 CHREMRSLWMEMREZ &, e 2R CrlllsvE e 2 %,
WAETIE TV 7 MbsiEA, CAD (XH) & EY % LT 272D ICIRGHI O BEE S & E > T b, HIE
EHEJHEO LT TH . MAERICB W TIZ 7o — UV TRIREHIDS K X R Ex I\ b, 4. B%E
HMOZER,S [F#Th, ©2TH, IS, 3kIcEHl] 23> 27 MR- 70 3WITIZIREHIEE & %
FIZE L. A L7200 M 20T 50

Summary Measurement is necessary to confirm performance at the vehicle development

phase and to check quality in manufacturing plants. Recently the measurement of shapes for

comparison with the real CAD (drawing) is becoming increasingly important. At Nissan, 3D
measurement is producing significant results on the inspection side of manufacturing. This article
introduces the development of mobile 3D measurement equipment for the engineering division.

The development concept was “simple 3D measurement by anyone, anywhere.”

Key words : Testing, measurement engineering, three dimensional measurement, Fit & Finish,

shape change
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Application of Digital Human for Easy Evaluation of Driver Effort
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Summary With the widespread application of the concept of universal design to vehicles, the
realization of vehicle interior spaces that are suitable for a wider range of body sizes and reduced
workload in driving operation have become important issues. Because workload evaluation using a
digital human requires complicated motion and biometric measurement, it has been difficult to
apply to vehicle development. In this article, we introduce the technological development of a
digital human that makes it easier to evaluate parking brake operation as well as ingress and
egress motion.

Key words : Computer Application, comfort, driver behavior, modeling
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Experimental Technologies that Consider Human Characteristics for Safe-Driving HMI
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Akinari Hirao Yuka Miyashita Sawami Sugimoto
TSR TE X B B
Tomomichi Uekuri Yonosuke Miki
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Summary As the development of new IT and ITS functions progresses, there is a need to
respond to customers desire to operate various functions while driving. On the other hand, it is
also important to minimize effects on driving by minimizing those operations. It is moreover
important to maintain a balance between customer needs and safety. In this article, we present
our development of HMI that considers the human characteristics of information processing.

Key words : Human Engineering, human-machine-interface, navigation
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Developing Deeper Insight into Drivers Maneuvering Intent - To Steer or Not to Steer, that is the Question -
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Summary

This article's aim is to build a methodology to predict the evaluation of dynamic

performance. For this purpose, we attempted to reproduce a driver's manipulation, which varies
depending on the driver's intention, in a closed-loop condition. Under the hypothesis that drivers
deliberately select the terminal vehicle movement so that dexterity of driving is represented by
the degree of terminal setting, we employed a nonlinear optimization technique (optimal control
method). However, the optimal control method places strict restrictions on model complexity.
The primary reason for model limitation comes from incompatible formulation of jacking force. To
settle this problem, this article investigates the problematic part of jacking force and then inserts a
virtual mechanism for load transfer by the jacking force. This methodology expands the

applicability of closed-loop analysis.

Key words : Performance, Testing, handling, driver behavior, intention, jacking force, optimal

control
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Appendix

Ko7 OEEE TN OER) SRR (3) & LT IR
95 WERA R E AL L2 m AT R 7 B 7OV (s B AR
CIREEF ) THARTEXZEF LV EWVIFIEE L,

M Ve(t) = M- Acc(t)+ MV, (1) 0(1)

M~Vn(t) = > Fy,(Fz0, + AFz,a) - M- Ve(t)-(t)+ M- H,, 10}

MgV, ()= 3 AFz,

Zg(0=V,(0)

{Z-w(z)=2Fy,.(on,. +AFz,0;) L (A1)
Q) = w(t)

Tpou 9(8) = B Fy;(F20, + AFz,, ) Hyy = C, - 9(8) = K, - ®(0) + M - g Sin(®(0) - Hp,
D(0)=9()

Ly 6(8) = ~(M - dec(t)+ M -V, (1) (8) x Hp,, + C, -0(t)+ K, -O(2)

(1) =0()

A (AD) OEB TEX (REHTRATRER) I2&HIND

WREZHL, B8 /ST A—=F I 3TTO#D,

F-A1 EMETILOREBEH x EASTu
Table A1 Variables x and input functions u

Notation Description

X (),Y5(1),Z5(t) | C.G. position (ground coordinate)
Ve ),V (0),V,(t)| C.G. velocity (vehicle coordinate)

X| Qo0 Yaw angle, Yaw rate

D). (1) Rollangle, Rollrate
O),0(1) Pitchangle, Pitch rate
u S5(1) Front tire toe angle
Acce(t) Longitudinal(¢) acceleration

Subscript i: wheel position [ Front — FR, FL ; Rear — RR,RL ]

F-A2 BEOETILDEH
Table A2 Vehicle model constants

Notation Description Units
M, Mg Vehicle mass , Sprung mass kg
Iy I gy Ipyen|  Yaw, Roll, Pitch kg-m’
Moment of inertia
L, /L, C.G. to axle distance (&-axis) m
(LFR Sl =Lyt Lpg =1Ly, = Lr)
T Tread m
g Gravity m/s
¢ Steering ratio -
Kw, /! Kw, Spring rate at axle N/m
Cw,/ Cw, Damping ratio at axle N-s/m
Gars, /Garp,|  Stabilizer-bar roll stiffness | N - m/rad
h ! h. (he) Roll center height m
(hc: hat C.G. from A and A, )
Hpyop Pitch moment arm m

x-A3 EEETFILD/ISA—%
Table A3 Vehicle model parameters

Notation Description

K, Total roll stiffness N -m/rad
Ky =4-T% - Kw, +%-T? - Kw, + GARB, + GARB,

C, Total roll damping ratio N -m-s/rad
Cy=%4-T-Cw,+%-T*-Cw,

K, Total pitch stiffness N -m/rad
Ky=—-(Q2-L-Kw, +2-(-L,) - Kw,)

c, Total pitch damping ratio N -m-s/rad
Cy=—(2-L;-Cw,+2-(=L,)*-Cw,)

BoH oA
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Psychological Analysis to Understand Customer Thinking
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Summary

Nissan's Test Technology Department is developing new technology that actively

adopts psychological analysis. We are gaining a better understanding of customers’ deeper
psychology based on an evaluation grid method and behavioral observation law that are forms of
psychological analysis. Recently we have been developing dynamic performance technology
(driving performance) analysis of “driving pressure” based on active application of psychological
analysis. This enables the development of more attractive vehicles. This article introduces an
example in which some issues were resolved by applying psychological analysis.

Key words : Performance, psychological analysis, behavioral observation, evaluation, customer
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Fig.1 Mechanism analysis of human and vehicle
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Nissan is expanding application of its original "one-motor two-clutch hybrid system."
In 2013, Nissan developed a D-segment SUV hybrid in the front-wheel-drive vehicle classification
for the US market. In this article, we introduce a new hybrid system that is optimized for a
C-segment SUV based on the previous system. With system and vehicle efficiency improvements,
the new hybrid model achieved excellent fuel economy and good acceleration performance with a
roomy cabin space.

Summary

Key words : Power Unit, power transmission, hybrid system, hybrid vehicle, 1-motor 2-clutch
parallel hybrid system, fuel economy
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Table 1 System specification table
Engine Disp. L 2
Type - MR20DD
Max. power kW/rpm 108/6000
Max. torque Nm/rpm 207/4400
Transmission |Type - CV
Pulley ratio 2.631~0.378
Permanent magnet AC
Motor Type Synchronous motor
Max. power kW 30
Max. torque Nm 160
Battery Type Li-ion
Cell number - 56
Voltage \ 202
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Fig.3 CVT unit for hybrid vehicle
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Summary

Development of new Note aimed to achieve even better fuel consumption through

the refinement of several technologies, such as thermal efficiency improvement of the engine,
reduction of energy loss for the entire vehicle (ie., modification of battery regeneration control and
an idling stop mechanism that activates before the vehicle halts by improving the existing
mechanism), and implementation of running resistance reduction. Consequently, new Note achieves
top-level gasoline engine fuel consumption in the same class and exceeds fuel economy standard for
2020 by 20%. In this article, we explain the major technologies that were adopted in new Note.

Key words : Power Unit, spray-coated bore, energy regeneration, idling stop, stop & start, S & S

1. [ U & [

V) i OB R MIERBRIE AN OB L BET 5 R
FROLALD S BRMBEADOE LI RE > TETWD,
I L7z, HEHBE CIBREMN - COMRIE A B H 2
e L TCoOEB LM FilREs A A S ICHEBITE
5 &9 HERSICES TEBROEMICBWTL ., BN
1 COAIEDFAFEZ AT o T2 D0

AFaTlZ, HE/ —bO~AF—F Y (M1) zxf
BAAT o 72BN FEM SIS OWTHBRRGL, T2, 4

M-1 XA F—FIVIBRDEE/—h
XDIS-SYvA1=ZVJT)b— (2 b=2))
Fig. 1 Minor changed Nissan Note

DOFMTBAFE DOFE R, 20204F CER324F) WA I 4 +20%
BIER L 720

2. PEmE L

Oz > Y Y EAAOBE A L E@EMm F—~ L THL
FOVFIREOMER E LT, /ST — b LA s, B
FARBOLE, BEOT A R Y7 Ay 7R R
L7ZEHETT A R 7 A Sy 7o8IN7% EomEn i
MERRH L7z DTS, FERRHM T 5,0

21 IVIVEHKOBEMEGL (Z5—R7I1—FT1V
JDRA)

SEHERE S A VY 7k T > Y~ HRI2DDRIZ
ESRAWBEMAT. V) ¥ Ty 7 DRT IR
WM CTHDLIT—RTA—T 4 VT EERATLELD
W2 RBRTTOEA N ) v e FkET AR EDT Y o
Tarmwicky (K2, K3), fERIH L TI2%D 7 1)
7 va R EFEH S, o0 V) vy Tay 7ol
BYESMEL-Z Ty F oIS, KO
SO LRMEEDVTREC 2D BhZE o FI2EFS LT
w5,

ST = b LA PEREBAZERD /ST — b LA CHIEIBHZELT  **Nissan 55— a5

H ZE & #R No77 (2015-10) 52



M-2 =S—R7I—-T«VIREROYUYSFTOvY
Fig.2 Cylinder block with mirror bore coating

0.2mm 2.0mm
Iron liner

Spray-coated bore

Spray-coated and mirror-
finished cylinder bore

Iron liner with
crosshatched surface

*: Less 1/3 Ra value than conventional one

®-3 =Z5—R7I—T« VIBRARIRDEN
Fig. 3 Spray-coated and mirror-finished cylinder bore

22 INT— kL UHlfHSE

T = ML A Y OWFABEOLRI L HH =2 VT
DI ANV FEREDER DT o720 T 2 TIRFFZ 2084
T 5,

12HIE, 727 F 7EOBE S v PEEEOILRTH
Do PREMEETIREED S PREL S v MIRREICRATT BB, =
VY MVIPIERSREIERT 5720 MV 7 BAENEAT
Bo TDMNVYTEEIZIBEEENOREND - 72,
CVT (Continuously Variable Transmission) @ 7 — 1) It
TP oMV HIEREEYEZ DR EHSTn L
B, PRE Y MREBICRATT 20 MV 7 BEISER T 5
WS T — ) IS L ) BB 2T Cnd, 22T, B
DEREA MRS L CT 7 eVt TEEOECVT 7 —
D IEEABINT A 2 LT BREL v MR MV S BRI
L2 R ER LoD, ey MR ZILRT S L
MTEz,

2o HIZ, ZHERE (= v Vi) o2 Y U EERE
DL A% FERFICLER T AV E MR L 2235 80 L,
BEIAVFERR ST, TRIISSEESR,r Ty &
Ty TR ER S5 2 LTI T Y Y Mg E
gy ha— 3B Mvarayy 7y SHEEE BRI
L. Bfrozry 2oy bIVEINZ X 510 Y v iz
DR BZIHIT L ETRHIG L7,

INS ORI R LD FEAEEF O EATHERE % i

53 NISSAN TECHNICAL REVIEW No.77 (2015-10)

REEOD, HETIAVEPERE N0, BEOm L
EHEH L7,

2.3 BAEEIRILFDEKX

A A . JREREL A v BB T AL X R &
LNy T)ICKEEL, 208 (MAEZAVE) 274
FY YT ANy THRRM@EETHICHE) LT, Ay
t— ¥ wBREY S L AN 2 R L. R R ST
b5 (H4),

LAl Ny T OEREERHERFL DD ZOEET AV F
FWRESELZET, BRET I ESE7,

et
(L) :

1
SR T || AASRSOBBELD

NER S BILCAEEERTS
(A) g eEb e, Ay7
_____ - WCEHEELD ) k o

-4  [EEHTE

Fig.4 Regeneration control

o —> 3 o —>

EET AV FZIEREED 72010, B - B+
A= RTEZAEOBCEERE Ny T 2~ A F—
Fr VULV LTEZe TNHLDORF VI ¥ VEE
LICAEPLTRAEZ AV FEZHREIE D FEOLDA, 1
HEEOF VY A= BEBIEEERLY) P2 L TH
Lo fHL, /Ny 7 ) AN A EIREE R IR I BV T, B
W BEEY LF7GE. Ny T HEOK T2 &S
LCLEIYWTMRUENED L. ZD72D, Ny 7 VIREEICAD
Bl A NI A= DFEEIT Y MO — VS LE L 72D,

FITC, FRL — TR Ny TV IRER SBEICES
FTCELNy T )Y EHCERBLE (M5),.

-5 NyFUsvY
Fig.5 Battery sensor

SOV EMATALIEIZLN Ny T AD R
WY — U RHE L T, MEROSEEEZ MRS L
T2 ENTE, MAELILFE20%HEKEE (6),



B — b ORE IR R

SAFF TR

SAFCF TR

Battery voltage [V]

Time [s]

<A S —F xRN

Battery charging
current [A]

Time [s]

X-6 E&EIRILFOEK

Fig. 6 Increase of regeneration energy

24 FEEHRIZARUVIR YT

TAR) YT ANy FIZEBIRBENRE S SICn EXE
B728, MEROEMAZEZIC LY Y v R EIRT RIS
MAT, 7L —FIZ LB WAPICH8km/hTL Y V%
O BIERFTA Y Y7 Ay TREELE (M7),

Transmission lockup off
Re-starting a fuel injection

VSP
[km/h]

[ 8kmih | [ Okm/h |
I i

[rpm]

[ON/OFFI]

Time [s]

M-7 EER7ARUYIX YT
Fig. 7 Idling stop before vehicle halt

Fuel injection Engine rev.

BT A ) Y7 A Ny FIEfice U v sk
T 5720, ORI OZEA L & Tl OBEIZE b o
TR Z ZR L 72854 (Change of Mind : LLF CoM &
9) OFMAEMERR, @QETHICTY IV 2 HBREH S &
TEHED MV B, YIS T A LENH L, b
DOML—=FF7HRELBRILTNT Y A S L5720, 1—
FOMEMY — 2 25T L, &3 — 21205 U7z il
VAT ARETERAT) 2 EIZL D Yy TR Tl
WAL LEHEETT A R Y 7 Ay TEBEE L.

COFTHRIHEEDO K E W CoMEED L A K v ARk
= BRI T 5,

241 Change of Mind ¥—> TD:ErE

CoM¥ — % X8IZ/RTo THDCOMY — X IZBWT,
WEDAY —FTld, =Y VA= v Frz
VIEXICROAFEL ) LT DL EFLIpAEDRV

O, TV UNPEEELTEETT TR T REFOM
BNH D, FORE, FHIRENZ X B MV I8A F TIZERR
WY, EEZEOBERKIIH L TL AR ARENRL I L
WH b

ey ] [=r o miepie ]
= : R L ALY e PR
£ ! | BAREREX A U
— 1
. l
= I 1
£ ! I
g | ,
S I I
S| ' —
1 1 Ti
I Change of Mind 1 me [s]
: (CoM) > —> :
>

K-8 Change of Mind —>/
Fig. 8 Scene of change of mind

COMIGE LT, EoF Y FYORWAAREAY —%
T 7 RMVHIEH L CZOMEE 2 T LT BHRH D
B AL — 5 BRENRIEEATEME 2 ) EHHE SR EL % D
72, KT AT LTI N— FIIHER A & — & L @S]
BE s vV TNV AT LD %472,

242 FFFED COMMIHERA YT —5

MR OFREL RIS D720, OWERDAY =5 L AT 4
W L CE=F U FYOmN) # TRT 5 LT, »AE
WA EEES, HDEVIIE ST U NRE TR L HAAE
WEOEFEAZ RIS L2 8T, Yy fEho Y =%
VX OO ABNTT T DI A2 W E S
(K9)o T2y @) Y ZFFXIZEZF U FYDROALE
DIV v AR T A HEE RS L. #Y) 72 [l
WTnrsrxr rEuiEL Lz,

SHIUSE Y, GERDAY — 5 R A ZEZ D 2 L 7L
I A b COMMIGD AL —% Y AT L EFEHL TV 5D,

& GERAARE & LR
F=NG =TT oF HA—NFG =TT T yF

RY—F
A b o

=7

}H |/l:'#2“/
A= A3

M-9 RIY—FE_FVIBEDUR

Fig. 9 Improvement of starter pinion structure

243 FRHARRY—5 DfIHIkEE

25— ZEEIG O EIEAL TS X 2 i E L AN D%
BEWZ L7720, (ERETIEINY T ~A% —5 ORIZE
EIRIFE L) D B R WRE R TN AR EkE L, 77 0%~
7GSRI 2 580055 5, BEALTH IR
MBI B35, BT NA ZADL AT b, Hli#HY 2T 4
DEMAL 7 EOFEH MR E 72 Do TS DORFIG % [
L7280, AV — ¥ FIFEEDOUR 1T 572

H ZE & #R No77 (2015-10) 54



— KA L A4 VDR AEDbRIZLLE—F
REREIZR LT ARABAIATICS IA Va5 4 T
E—% (K10) %A L7z MRS FEL TV L1
ThED, AL NVORERPRL BD72O. A V5085
AL 7T F TR ORANERIVNS T & Hh
5, BEETZ/NSIZOND L W) DD D,

CORY =L BTN, A RGBT 52
L7l HEERENOGEERWZ LI ENTE ],

®-10 BRIAINYATAY—5
Fig. 10 Starter with winding coil structure

244 WBBIFEOE SED5ENE

Ay =5 BLUOAY =y BEHIHOYLRICL 2T >
BlEZHH O Y =4 ¥ FYRARINZ T, 5 7% HIHEE)H
MOEMEEIT> 720 79 v F ¥ ZBMG & FRHERTTRES
TR NPRBHE G L R MV 7 2 58 S 5 2 LT,
CoM ¥ — > TO L AR ¥ APRE % KIFIZ A S 272,

CIT TARBRBE NV 215572012130 Y T NIC
ZERETHEST LRENH LN, TA FY 7 Ay THG
EHEPBCOM Y — VIliz TEAXTRELTEL L, ¥
) ¥ SN OIEMET IR D BEREEARE R, 1%
IERREISEALL TL £ 90

ZIT. TA R YT A Ny THRBHEZIZZERO TR
IR DS, WA OIRBER MR B EAT T2 Z T T E
B &) EENI ATy MVEIEZAT) 2 & T, fFIERERE O
P & FRAREIIRE OMRBE NV 7 WfefR 2 W, 2872 (K11,

(e o] [2e—sEmw ]
I T
|| 1st combustion
Engine rev. !
[rpm] :
|

T A 4
[ masrre |t warne
T

1st combustion -~
cylinder phase

Throttle open ratio
[degree]

Intake pressure
[kPa abs]

Time [s]

E-11 CoM ¥Y—rTOZETEHIfH
Fig. 11 Air volume control at CoM

55 NISSAN TECHNICAL REVIEW No.77 (2015-10)

Vb, Shoeoiizs ., ez L TCoM ¥ — >~
TORBIREH %2R 06 IEMiT 5 2 &N TE /2,

3. F & ®

) — T, TV DITFT— KT aA—FT A TD
BHICL 2 0P VEAOBSFEOM . (218), /87—
LA Ul (228, BAHRAREOGE (2.35H)
RWAEDOT A K 2 7 ANy T & S B U 75 HR 7 A
FUYZ ANy 7O (245) 722X HHEW N—%
VDI A N FREDREEZIT o720 TS IRE A EE
WA Z2hdeE s — Y BRI L A2 ZhtkREom B (G
i 030 = 029) REERMOERIZLDLNTXT ) V7
DFIEFY) MLy O GERIL10%HE) 22k, H
M JCO8E — F¥AE 12 5\ T 262km/L (114 5 & 1250kg
DY) \THELE L, PRL324EEEIEHE +20% 2 ER T D & &
BISVFHZ FADHT V) VHE (A Ty FEEEL) Thy
TLNV OB e ER L7 (K12),

o N\
96.9 %ﬁggi

26.0 I

25.0 E—
24.0

24.0 R

23.0 -

22.0 E—

21.0 I

JO8E— FHAZE [km/l]

20.0

A F—F VM wAF—Fzo U

K-12 JCO8 E— RRELLE
Fig. 12 Comparison of JC08 mode fuel economy

4.

;_&E::

3

WRIHTL ) — P ORISR TIER&D #MOERII iR D
&, T, B A, EERME EORED UA DT % |
FET 7T A Y OERICO REBHHICR ), WHIZFT
B LIENTEE L, SOBEMEY T, L&) EKH
BLFTET,

5.8 & X W

1) HEHEWII 7A R 7R Ny THO/A,. H
FEH. No. 68, pp. 60-64 (2011)

2) FiHEIED K7 ) 2 Y a VEBMREO LD I T —
KT I—T 4 ¥ FHEAMEIES. B HEA S0 H S
BifI4E, No. 136-14. pp. 1-6 (2014)



B/ — S ORERINEFE

/J\

o X

O R

N

LN S i

B E % #R No77 (2015-10) 56




BtTaT '

Y — he—5 DERICKDER I RIVFEIRZIROEE

Effects of Heated Seats on Heater Energy Consumption in Vehicles
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Summary

We conducted subjective experiments to investigate the effects of heated seats.

The experimental conditions were designed as a combination of room operative temperature

(10/20 C) and heated seat (ON/OFF).

Heated seats were effective in improving occupants’

thermal comfort in cool environments. The room operative temperature at which the occupants
felt a "neutral” overall thermal sensation was reduced by 3 C by using the heated seat, the surface
temperature of which was 37 C. Moreover, the heater energy consumption in the vehicle was
calculated by a heat balance model. Heated seats can reduce the total heater energy consumption
of vehicles. Consequently, heated seats can extend the driving range of electric vehicles when the

heater system is operated.

Key words : Air Conditioning, heater, fuel economy, heated seat, thermal comfort, energy

consumption
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