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Nd-Fe-B RBE#EHA (HOHHIRE) OBX &

Magnetic domain image of Nd-Fe-B based sintered
magnet (thermal demagnetization state).
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| Nd-Fe-B RUERSHIA (BUHHRRE) ORiEHE [
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. Distribution of magnetization of Nd-Fe-B based
| sintered magnet (thermal demagnetization state).

<#HEX2 >
{ No-Fe-B RUBRHA GHBHFREIN) ORK &

" Magnetic domain image of Nd-Fe-B based sintered
magnet (in external magnetic field).

7 - BOEBSBREDOERAREIC S FBHIEES OB |8
XERLTWS, £/, EHLUANKEIEEBSD TR |
O rERAMUBEREMAIEDEEI I EICE-THES

nt, BEANOBERAOEEERL TS, &

BT 17 % B E % #8Ro

| 2 AEEPICREITR U8 T B U SR 0

v HEERBE A EE) L TR 5> T3 Z &P SiERRRE O
d SHEHEFAPAEVWERERENS,

KIFEHHA

B X 2 MCD T35 h 7= Nd-Fe-B Rl #GH: A WiE DOREX &
Magnetic domain image obtained by soft XMCD for cross section of Nd-Fe-B
based sintered magnet
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Motor Application of NEOMAX® Nd-Fe-B Anisotropic Ring Magnets

s AIE T Nd-Fe-B BRiEIR ZOBh A REHED SBEV R TEDA TS, £, BILEOH
Vasuhiro Marukava M LRENR THS NEOMAX RA% ) L IHESLSER, RE FABSESERE—4—IC
Akt Bl FERXhTHY, U IRAEDREREEN L TEHME, EI1R M E—S—BtHaists, &
Teuoski Hissmura BN T, NEOMAX BH1tY Y SREDEM, E—Z—~OEANROERETT. Uil

BTOX )y Moz, RALEREICHAESOERAEY S TREDERICLY, STTIEHE
x&HFAT U SREME, FSOTE—4—HARGICT, BREERSLVE—Z—#E L BT 20%ERTT

Hisato Amano

BETHhDIEaT—2—BTRSE TEEMICR L .

st BE

Masanao Kamachi Sintered Nd-Fe-B magnets with superior magnetic characteristics have a variety of

=M @Er applications. One of our signature products, the NEOMAX anisotropic ring magnet, has found

Takeshi Yoshida wide use in the automotive industry, in home appliances, and in FA. Ring magnets can also be
used to produce highly efficient motors. In this paper, the features of the NEOMAX
anisotropic ring magnet are introduced, and the results of a case study of its use in motors
are described. It is shown that it is possible to reduce both the magnet weight and the motor

% BueEHtat length by 20% compared to a multipole radial ring magnet that has a distinctive magnetic

BtER RPN~

orientation in addition to the advantage of ring structure.
Magnetic Materials Company,
Hitachi Metals, Ltd.

® Key Word : NEOMAX 41 > JtihA, BEAME > J#HA, £—42—

@ Production Code : NEOMAX 41 > J#A @ R&D Stage : Research
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WA T ER
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2.1 Eﬁﬁ U ~ 7ﬁ§E0)ﬁ§1tﬁElﬁ' .*l\%ftijgglie anisotropic magnet

NEOMAX £ 451 v 7' A OMALEmIE 7 ¥ 7oL 22 s N
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K1 ISRy, 797 VBEEOBLEIIIEE S MO N S
5 U7 LRI & 7 O RN X D YOE & B, £, ) Q
M5 PEIZ N LS NEB DRGSR GG & 5 0, fEAL s w (ﬂ N
Blim, R IR O ICIRE XD, LNy A v

N S

DEXRIFE G LS &0, 2 Tk 9w W Ik sk &
%%, MAT24 THRABTIHMREEY - HIZ7 V7 H1 NEOMAX® Bt & FBEORLER
ﬂ/ﬁjﬂ@ LENWZ LR ﬁ‘ﬁ&’( b5 Fig. 1 Magnetic field orientation of NEOMAX® anisotropic ring magnet
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MR DD Ny v IV A T — 4 — R A B ] BE -
TH%, Y
SPM rotor (stepped 8 pole skew) 8 pole skew
Rotor with segmented magnet Rotor with radial ring magnet

3 FIUTNEAMYCITHRAEDHEBIBEELDOXY v b
Fig.3 Advantages of radial ring magnet based on magnetic pole
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Fig.2 Structural advantages of ring magnet O mE % g4 3% L, — R ISR E Y v SBAaE D
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Fa—EEEAD, AL 8D 2BRAT » T AF 2 — Fig.4 Surface magnetic flux density for ring magnet
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31 E—4—-FEEEHIMmL
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= 10% higher*

///?

Induced voltage [Vrms/krpm]

Radial Multipole

* Depends on motor structure.
(need to modify the stator core)

X5 2 JEATRAWEE-2-DFEEEH
Fig.5 Induced voltage in ring magnet motor

32 HBRHIM)ITBADHIELC U — M

RSP v PR Z DIV o NGBS O R R B
G & O NS IR NBECOR 23 250, D F D, RN
R AR L 2 TEXWZ EARBDO—DTH %,
EoT, ¥ AV M BKU IO T LRGN VoA E
W=t — & — TIRMHE & 75 2 A N 0O g o]
B, u—a—a7hRREE LD, KD, WmEHNE
V) Y A OGS, WA NN IERE O R A B
FTHIELNREL 5D, R6ITRT &S LfilgS v 9 —
PRI K DO — 2 —2FT 23 Z LA REE 55,
BiEA >~ — PERIZICK D, 2 X PETIRMA L T — 4 —
a7 E&Ltu—4—a7E& Ty 7 FOMNITIA N, T—
A—a7DAXFOHIEATTREE 2D, X512, AN
EOREMIN TRE A RE L 2 D EAONEN T L 212 &
A4 A FOHRKE ATREL & 5. E— 4 — R Tl

10 | B £B#H#® Vol.35(2019)

R DR EESTPE Y > 7 B R A O 2 1k A 1 O IR %
WBIEEIRDOIRISI A T, BANE»BiRE 22 2L
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Shaft

Multipole anisotropic

ring magnet
[I_“ R

esin mold

—

Rotor assembly

6 WBEAMYITHADEES Y — MR
Fig.6 Resin insertion molding of multipole anisotropic ring magnet
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®1 T2 —BWERS S CHARETEG
Table 1 Design specifications for motor and magnet
Radial ring magnet Multipole anisotropic ring magnet
Number of poles and slots ap6s | 6Pos | sP12s | sPes | 8Pos | 4pes | ePos | sp12s | sPes | 8pos
Outer diameter [mm] 14 14
Inner diameter [mm] 10 8.5 9.5 10
Number of poles — 4 ‘ 6 ‘ 8 4 6 8
Ratio of OD to ID - 0.71 0.61 0.68 0.71
Skew angle [degree] 30 ‘ 20 ‘ 15 ‘ 15 ‘ 5 N/A N/A N/A ‘ N/A ‘ N/A
Remanence Br [T] 1.2 1.2
Neutral area [mm] 1 N/A

Wiz, E— 4 —OstliEEI&RMFEER 212, -4 — %
MEFLER7 ISR, T—4—4MEIE ¢ 35 mm, 7 4 —
AGHREE12~14 T B3 &5 T 4 — AE & &
ZOMFEHE — 4 — IR ER2ITIRNTHED T, E—4 —
WEAFHZLE I I L2 50 mN - mABAHELNDEE—X —
EEGIL, ThihigadEs, -4 —Rs KL 2,

2 E-s—EHEEH
Table 2 Design conditions for motor
Outer diameter of motor @ 35 [mm]
Motor gap 0.5 [mm]
Slot opening 1 [mm]
Stator core material 35A300
Shaft and rotor core material S45C
Current density 5 [A/mm?]
Fill factor for coil winding 60 [%]
Thickness of coil insulator 0.3 [mm]
Output torque 50 [mN - m]
Magnetic flux density of teeth 1.2-1.4 [T]

| | Slot opening (1 mm)

OD (35 mm)

motor gap (0.5 mm)

7

E-2-@iRET I
Fig.7 Motor simulation model
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Fig.8 Motor design results
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Warm-Box Sand Coreroom Efficiency Improvement

Todd Pagel * Metalcasters are faced with changes in environmental regulation, pricing pressure from

their customer base, and rising raw material costs. Innovation, continuous improvement and
Adam Kurszewski * the introduction of new technology are paramount to remain competitive and compete
globally. In the process of making iron castings, Waupaca Foundry Inc. utilizes the warm-box
process to produce mold inserts called cores to create internal features that cannot be
formed by the green sand pattern. Warm-box cores are used predominantly for the
production of gray iron ventilated brake rotor castings. To produce the cores, a bonding
chemical called furan resin and a chemical accelerator called a catalyst are combined with
silica sand. The sand mixture is introduced into a heated metal mold called a core box and
partially cured until the outside surfaces harden sufficiently for removal of the core. The
warm-box process is used globally by many competing foundries, however the technology
and process of making cores varies. Waupaca Foundry reduced total manufacturing costs by
utilizing new coremaking machines incorporating robotic automation, unique sand
conditioning, and weight-compensated dry and liquid transport and addition systems for core
sand recipe optimization. The new coremaking technology, combined with lean
manufacturing systems improved productivity and quality and minimized raw material waste.

*  Waupaca Foundry, Inc.

® Key Word : Warm-box core, Robotic automation, Core sand recipe optimization

@ Production Code : Ventilated brake disc rotors @ R&D Stage : Mass production

1. Introduction 2. Equipment

2.1 Dual-station warm-box core machines and
automation

Waupaca Foundry, Inc. (WFI) commissioned a new

warm-box coreroom during 2015-2016 at its Plant 2/3

facility in Waupaca, WI, USA. The coreroom was built to
produce sand cores primarily for the production of
approximately 85,000 ventilated disc brake rotor castings
per day at the facility. The project consisted of several
new technologies including: new coremaking machines
designed and built at Waupaca Foundry, robotic
automation, sand conditioning equipment utilizing plate
heat exchangers, and dry and liquid material
measurement and transport systems. Fig. 1 illustrates the

entire process flow developed for this project.

- - Robot
Weight Coremaking . N Unload
adiiives [foontolled +1o duaitaton (521 - EVTERERS 0 ore
hopper core machine washing) racks

Fig.1 Warm-box sand coremaking process
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WEFTI previously used single-station machines for core
production. These coremaking machines could run two
warm-box core patterns called core boxes at a time, one
on each side of the machine. In order to improve
productivity, a new core machine was developed by WFI
that could run four warm-box core boxes at a time, two
on each side of the machine. This doubled the production
rate of the core machine. As cores are produced, a
distended parting line or thin membrane of sand called a
fin can be created where the two halves of the core box
come together. In order to assure the quality of the
finished casting, this parting line or any associated fin
must be removed by using a de-finner which clears any
obstruction. Robotic automation was utilized to remove
the core from the de-finning station and apply a water

based refractory coating called a core wash to protect



the sand core during the iron pouring process. This was
formerly a manual process with single-station core
machines.

By automating the de-finning and core coating
processes, WFI was able to realize manpower and
equipment reductions. The single-station core machines
could produce about 180 cores per hour with one machine
operator. The new automated dual-station core machines
could produce over 400 cores per hour, still with one
machine operator. A total of six dual-station core
machines with robotic automation on two lines were
commissioned for this project, replacing thirteen single-

station core machines and reducing the total number of

machines and operators by 50%. (Fig. 2).

Fig.2 Dual-station core machine with robot cell

2.2 Sand conditioning equipment

The warm-box coremaking process combines silica sand
and wet or dry sand additives with a catalyzed furan-
based resin in a mixer. Sand additives are used to
enhance the cores ability to withstand the rigors of the
iron pouring and solidification processes.

The mixture of sand, sand additives, resin and catalyst
is delivered to the coremaking machine and blown into
heated core boxes using pneumatic transport. The core
boxes are typically heated to 200°C in order to
accelerate the reaction between the resin and the
catalyst, causing the sand mixture to harden sufficiently
to allow for the core to be extracted from the core box
after a short dwell time.

The initial curing or hardening time for a brake rotor
core is 18 to 20 seconds depending on the size, weight
and geometry of the core being produced. The core
surface hardness is proportional to its measured tensile
strength. The tensile strength must be sufficient to eject

the core from the core box and prevent distortion of the

Warm-Box Sand Coreroom Efficiency Improvement

core. Following removal from the core box, the tensile
strength of the core further increases as the resin fully
cures.

As the resin curing temperature is a critical factor in
the warm-box coremaking process, controlling the sand
temperature is critical. Warm-box sand has a limited
bench life once mixed with the resin and catalyst. Once
the sand, sand additives, resin and catalyst are mixed
together, the chemical reaction responsible for curing
If the

temperature or the temperature of the sand is too high

starts to take place slowly. ambient air
(over 29°C ), the sand will start to cure prematurely
affecting flowability of the sand mixture. This creates
quality and production problems as the sand mixture
begins to cure shortly after mixing and becomes unusable.

Consistent temperature control of sand in the
coremaking process is a difficult challenge. The problem
is magnified when disruptions occur in the foundry
process that result in over-heating or cooling of the sand.
Accurate temperature control is vital for efficient resin
and catalyst mixing, and poor control can result in
productivity loss, core and/or casting scrap and rework.
Precise sand temperature control is also vital for
optimizing the amount of costly resin and catalyst used in
the process.

WEFI desired to control the temperature of the sand
entering the mixer to 24°C (£ 2C), regardless of the
temperature of the incoming sand or the ambient air
temperature in the facility. Previously, water chiller
systems were placed around the vessel that the sand was
stored in immediately before mixing. Due to the
insulating properties of sand, this arrangement could not
adequately cool the material and a non-uniform
temperature distribution existed inside the vessel.

WFI contracted Solex Thermal

specializing in the design and construction of indirect

Science, a firm
plate heat exchangers, providing temperature control
solutions for many industries and applications. In the
Solex design, the working fluid is separated from the
sand using a series of plates as shown in Fig. 3. Heated
or cooled water provides the desired heat transfer as it
flows through the internal passages in the steel plates
controlling the sand temperature by conduction. As with
conventional liquid or gas exchangers, the heat transfer

fluid and product flows are countercurrent to gain

BiI£BHR Vol.35(2019)
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greater thermal efficiency. Sand flow velocity and
residence time through the heat exchanger is controlled
by a mass flow vibratory feeder positioned below the

plate bank, allowing very precise batch control.

(b)

COOLING
WATER OUT

COOLING
WATER IN

COLD PRODUCT OUT

Fig.3 Sand tempera ture control unit (a) actual (b) schematic
(Courtesy of Solex Thermal Science)

2.3 Dry/liquid material measurement and delivery
systems

WET previously delivered dry additives by time and
liquid additives based upon volume. While these were the
most common additive delivery methods available, it was
inefficient and limited the capability to optimize the sand
core additive mixtures.

The new delivery systems for liquid materials (resin,
catalyst and silane) utilize electric pumps to move the
materials from their bulk storage vessels at a constant
pressure and then meters the components into the mixing

station utilizing mass flow meters.
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The new delivery systems for dry materials (sand and
sand additives) utilize pneumatic transporters from the
bulk storage vessels and then meters the material into
the mixing station using scales that measure the weight
loss of the storage vessels (Fig. 4).

Resin temperature is continuously controlled in a
recirculating loop to achieve stable viscosity to ensure
consistent addition. The resin and silane are mixed at the
point of use through a static mixer (Fig. 5). The
on-demand system allowed for a reduction in silane usage.
Previously, silane was pre-mixed in the resin and its
effectiveness would fade over time as the material was

used.

Fig.5 Sand mixing system

With the combination of the two measuring and
delivery systems, WFI was able to optimize the core sand
mix recipe for each part number produced based upon the
core weight, brake disc vent ring diameter and geometry.
This was accomplished by first weighing the sand in the
storage hopper prior to addition to the mixing vessel.
The resin, catalyst, silane and sand additive additions are
all adjusted automatically to compensate for the actual
sand batch weight according to the specific recipe. Once

all of the additions are calculated, the sand additives are



delivered to the mixing vessel, followed by the resin,
silane and catalyst. The sand mixer uses a high-speed,
variable-frequency drive and can mix batches from 70 to
140 kg depending on the weight of the cores being
produced. This allows the batch size to be optimized in
order to eliminate bench life issues with the core sand
mixture.

With the new additive delivery system, WFI delivers
the mix of additives using both dry and liquid transport
processes. The new technology precisely measures both
dry and liquid additives to within 0.01%, resulting in

significantly greater accuracy and less waste.

3. Conclusion

By implementing the new equipment and technologies
described in this paper, WFI was able to reduce
manufacturing costs associated with the production of
warm-box sand cores in four ways: labor reduction;
material reduction; quality cost improvement (Fig. 6);
productivity improvement. Resin addition was reduced on

average by 23% and catalyst use was reduced on average
by 26%.

-

M Before improvement
B After improvement

T P e e e [ 7

2.0 25

3.0 3.5

4.0 (MPa)

Before improvement
(old core production line)

After improvement
(new core production line)

Total # of tests 30 30

Mean tensile strength (MPa) 2.89 3.53
Standard deviation 0.26 0.21
Ppk 1.50 2.81

Fig.6 Core tensile strength capability histogram comparison

Warm-Box Sand Coreroom Efficiency Improvement
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Waupaca Foundry, Inc.
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Magnetostrictive Torque Sensor for In-Vehicle Transmission

FZVAIY2aro+ 7 hO MV ZFEMTERAETEOHERN ML —ZFFEL
BRITov 7 bOFMEZBLDLT ML ZBREICIRET 2 ZEDFEEE LR D7z, BREDKBAZ S
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it Rz *

Teruyuki Nakamura

I X

Yuta Sugiyama

ktiad 150 CHIED£ >4 —EREL L.

The authors have developed a noncontact magnetostrictive torque sensor that can directly
and precisely measure the torque in a transmission shaft without degrading the strength of
the shaft. The authors studied the sensor’s hysteresis error and angle dependency error,
which account for most of the system error, and achieved a total error of 3.5% full-scale from
-40°C to 150°C by optimizing the shot-peening treatment of the shaft and polishing its

¢ ATeEHtal surface to uniformly reduce the residual austenite in the shaft surface. Authors also

RiRD> /= developed an oil-proof heat-resistant sensor structure and realized a working temperature

Cable Materials Company,
Hitachi Metals, Ltd.

range from -40°C to 150°C in an oil environment.
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® R&D Stage : Prototype
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Fig.1 Torque sensor prototype
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Table 1 Development specifications
Property Development specifications
Detection range +=300N+'m
Sensor sensitivity =4mV/N-m

Hysteresis error, = 1.75% FS

Error 3% FS*! Angular dependence error, = 1% FS
Circuit error, = 0.25% FS
Operating _ _ o
temperature 40-1507C (in oil)
Responsiveness =3ms

* 1) FS: full scale
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Fig.9 Production process of the sensor
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Fig. 11 Detail of outer housing
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Fig. 12 Depth profile of residual austenite density under shaft surface
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Fig. 14 Residual austenite at surface before and after surface polishing
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housing formation
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High-Bs Nanocrystalline Powder Fabricated by Atomization
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1. #&

AETIE, HAT MYAZEB KV 2 X5 TRBKRZAOTHRE L SREMBEREE (Bs)
T/ RBRAEMROMERES SURNIEEOER ERBETIFEICOVTHRANS, 86EL HE
20 um LI F® Fe-Cu-Cr-Si-B-Sn &K Tld, EMNIPEICEHESRED 20 nm LITDHE
wmHhrESoNn, 1.5 TUED B PREE Nz, ZOMKIE Fe B7EILT 7 A& L THERKSE
Wi DEIED 17, AL 90% &4B., £/, OAH 5,000 kW/m3 LUTOERORE#HROIATT
6, LiD14 E£RY, BLANLTE B EEOADEILINS,

The present study examined the microstructure and soft magnetic properties of high
magnetic flux density (Bs) nanocrystalline alloy powder fabricated by gas atomization. Powder
particles of Fe-Cu-Cr-Si-B-Sn smaller than 20 uym exhibited a fine nanostructure with an
average grain size of less than 20 nm and a B; higher than 1.5 T. The initial permeability u; for
this powder was 17, which is comparable to that for Fe-based amorphous alloy powder, and
the core loss was 90% of that for the amorphous powder. Moreover, the core loss could be
reduced while maintaining a high Bs by trading off the high ..

® Key Word : Atomization, High Bs nanocrystalline powder, Low loss

® Production Code : % L ® R&D Stage : Prototype
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Table 1 Saturation magnetic flux density Bs, permeability of core pi,
and core loss at 30 mT at 2 MHz, P, for developed alloy core,
Fe-based amorphous alloy core, and Finemet type alloy core

Magnetic Permeability (3OCn?rTe g) Sl\sz)
flux Bs (T) Mi P (k\}v/ma)
Target =15 = 15 = 6,000
Core A 1.55 17 8,800
Developed
powder Core B 1.55 155 6,000
Core C 1.55 14 4,700
Fe-based amorphous 1.3 16 10,000
Finemet type 1.1 16 4,200
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Fig.1 SEM image of Fe-Cu-Cr-Si-B alloy powder fabricated by
developed gas atomization method
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Fig.2 Cross-section TEM image of Fe-Cu-Cr-Si-B-Sn alloy powder
(a) as-fabricated (b) annealed under 400 °C-30 minutes

HAT7 b A XHICKBE Bs 7/ BRMRORH

IV uEEROWELE LT, SVWBHEERL TS
ZENREENS,

3.2.2 A7k B4FHESTE

KIIIHBLET b ZEETHEE L 72 Fe-Cu-
Cr-Si-B-Sn && kK (FH¥4) % 400C -30 57, =X
TP TR L, 2 DOF & AW TERZE 5 504 TR
L72320a7 A, B, COB, kX027 DYERRE
i, Poson N9, T dso 2389 25 pm D Fe B 7 €
LT 7 AREMRBIVT 74V Ay &4 TEEHEK
THERLa707 -2 80 d, ABMTHERLEZa T
ARBFTHEEABENEXES720, do=20um &5 5 K12
KEDOMARDOEA I EED, dso = 8 nm DRPAR T2
T EEBLL 72, i, 37 B, Cidds =6 um O %
FAWTIE#E L, 27 BiZf40 MPa, 27 CiZf10
MPa THAIX RT3, I 7 ARKEZDORKEEEA
TWAZEEd, a7ur3Fek7 TN 7 7 2464
MARIT7TDHI0% & @D, BB XU i BEVKRIT
THV.2NTED, KA -FeH7ENLT 7 ZHERK
aAT7OBEBEAAL TS, 5, 27 B TIIEERORE
Hong v 2R, a7 CidEa 7 e 2icffbL 72t
Bernbd, a7COar7urlE, 7744y FEATS
ITIEVEE BB, ZOERKE LTE, BEREND
SNWZ LSRR U 22 ERBEROWMPIZL S L T ANK
FNWEELIOLND, BRENNEWZEDT A v b &
LT, a70u; MEL & 2EAB8ZE T 6N5, IT D u;
FERBOX v v TICEAEH, =2 LF vy THK
Z L DR T WP AREAN E WA KL & B {EA
2k b, ZOBR,POERT L, BRAETHERL -
a7 BTIE, 279 208MER/NRICHADD, i
OHEPER N TS, ZOT7 b~ A ZBOEWTRE)
PRSI LT, SERBEIZLD P =2 F v v 7D
LTWwaEpEahs, 3124 EFHFE L 72 Fe-Cu-Cr-
Si-B-Sn &E&R, Fe7ELT 7 ZHEHR, 77
AV Ay bEATEEMRD B, L3 7 OWEHHE
i, AT VZDFEK /P OREDOL — &4 —F % — I &R
T i BALRE ST —EEAANDTF G KE L, @i
FALIZER B H O 2K A SN b Z &2 5 SO K
RAt, T abbHROKEICAETH D, (K27 v 2,
REMERLSMAENE Z N D, BRIBILIZES TS 5,
TN ZADFEFHI K D RO 5N B FEIIE(L T 528, L
WD X H1IZ, SHFERLZE B, 7/ MamaERE, &
B.AHLAEMNS, pn; &A72 2D ML — R 712D,
RFEE2FET2 2T, BITOMP LD &7/%14 2
O/ - G A BT R A A L T %,

BIY£EH#H Vol.35(2019)

27



High power

Developed

1/P
High permeability Low loss
low Cu loss less heat
high frequency

Finemet type
K3 XHWINTE—FOHA, BWE, OFEOL—F—Fv—H

Fig.3 Radar chart of power, permeability, loss performance of metal
powders
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Development of Selective Laser Melting and Heat Treatment Process for Novel Corrosion Resistant Alloy
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% BTeEHstatt High-entropy alloy is proposed as a new high-strength and corrosion-resistant material for
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additive manufacturing. A gas atomized powder of a high-entropy alloy (CoysCrFeNi; sTiosMog.1)
was used for selective laser melting. As-built and heat-treated specimens were composed of
sk B AHAT R FEEEI -7 face-centered cubic (fcc) phase matrix and nano-precipitates in an ordered phase. Heat
HRA/N—Yax s treatment of the selective laser-melted products influenced the precipitate morphologies and
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Research & Development Group, Hitachi, Ltd. improved their mechanical properties and corrosion resistance.
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(a) (b)

Powder Laser
bed

A

EB (electron beam)

Melt pool

FHRWREEO L —Y—REBEN & BOIBEORFRE

(c) (d)
Powder s Laser EB

deposition %&\ Wire feed N\ul

1 ARG LBHEEENEDRIER (a) B#IREIL — ¥ —MRTEEER % (SLM) (b) BF E — LMKRTEBER & (EBM) (0) L — ¥ —¥KPIEE (LMD)

(d) BFE— LT 1 v —PIZE (EBAM)

Fig.1 Schematic drawings of metal additive manufacturing methods (a) Selective Laser Melting (SLM) (b) Electron Beam Melting (EBM) (c) Laser
Metal Deposition (LMD) (d) Electron Beam Additive Manufacturing (EBAM)
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% IJCIC WM S e & 72 5 1,393 K IZREE L 72,
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ARG Fr o Wi HLAR O S S B, AR 1 SR
(SEM: Scanning Electron Microscopy), £z 1M
$% (STEM: Scanning Transmission Electron Microscopy) {2
TaFli U 720 B HTIC I3 181 7 1 — 7 N oy i ik
(EPMA: Electron Probe Micro Analysis) & STEM (213
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Dispersive X-ray Spectroscopy) % F\ 7z,
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4. BREEE

41 [FEREROAE &K

H22H AT b A RETHRZERR O SR &R
MEE21TRT Y, FHOZERBARIZERIRT SLM 16
B BARMAG CRE R WEIE A A LT, RO R
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IEA LTz, R E, 2 OJFERE 2 v TfERL L
72 SLM &Itk O M B 1E H v & § 5 CorsCrFeNiss
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Powder diameter (um)

2 SLM BE¥H#IK (a) SEM 1% (b) 3RKE D7
Fig.2 Powder feedstock for SLM (a) SEM image of powder,
(b) powder diameter distribution

1 FERBREEMMOMER (FEEE T 7 X ERSHAE)
Table 1 Chemical compositions of the powder and SLM product
obtained by ICP-OES

(mass %)
Material Co Cr Fe Ni Ti Mo 0]

Ideal 278 | 164 | 176 | 27.7 7.5 3.0
Powder | 28.0 | 169 | 17.3 | 27.2 7.6 3.1 0.031
Asmade | 275 | 16.8 | 174 | 27.7 7.6 3.0 | 0.045
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Fig.3 Cross sections of SLM products, (a) lower energy density, (b)
higher energy density, (c) optimized condition
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Fig.4 Microstructures of SLM product formed with optimized
conditions, (a) beads found in as-built SLM product, (b)micro-
cellular structure found in (a), (c) equi-axed grains in ST-NQ
specimen, (d) grain boundary of (c)
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Fig.5 Elemental Ni distribution in arc-melted and SLM specimens
and corresponding electron-beam diffraction patterns
(a) arc-melted specimen, (b) SLM specimen (as-built), (c) SLM
specimen (solution treatment [ST] followed by water quenching),
(d) SLM specimen (ST followed by air cooling), (€) SLM specimen
(ST followed by nitrogen gas cooling)
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Fig.6 Engineering stress-strain curves of each specimen,
ST: solution heat-treatment, WQ: water quenching, AC: air-
cooling, NC: Nitrogen gas cooling
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Fig.7 Polarization curves of SLM product in 3.5% NaCl solution at
353 K
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Fig.8 Mass loss curves of SLM products obtained by immersion
tests in boiling 5 % sulfuric acid
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Fig.9 Microstructure and Ni elemental distribution in ST-AC
specimens after aging treatment, (a) (b) 1,073 K, 0.5 hr, (c) (d)
1,273 K, 0.5 hr
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Fig. 10 Room-temperature tensile properties of ST-AC specimens
after aging treatment

F2 ABTHE- -HARMOESE—E
Table 2 Typical properties of high-entropy alloys obtained in this study

Co1.5CrFeNiy 5TiosM0og 1 A||Oy71 8
Arc-melted SLM roll
Property Solution- heat-t.reated ! .
- - Water Air cooling . Nitrogen tregilerég“
uench Aging cooling
a treated * °
Proof stress (MPa) 665 888 888 939 1,131 961 1,169
Tensile -
properties Tensile stress (MPa) 775 1,225 1,345 1,471 1,590 1,508 1,321
Tensile elongation (%) 3.0 22 29 17 12 21 27
Charpy value (J/cm?) *4 - 54.5 90.7 37.3 — 33.7 90
Pitting potential Vcioo (V vs. Ag/AgCl) *° = 0.87 0.94 0.82 - 0.79 0.62
Weight loss rate in 5% boiling HSO,4 (g/m? « h) *© - 0.95 0.92 0.70 - 0.63 1.16

*11,393K—=0.5hr
*3973K—0.5hr
*4 JIS Z 2242 V-notch test  * 5 Obtained with 3.5% NaCl at 353 K *© Obtained after 48-hr immersion

*2 Splution heat treatment at 1,255 K , 991 K — 8 hr and aging treatment at 894 K — 8 hr
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Scintillator Array for Security
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< GOS for medical Required L Resin GOS powder
= | characteristics Scintillator array

= ~
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g8
= 10| O
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oo J
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@ 100 _ /
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9]
L2

10,000 : .
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Fig.2 Developed scintillator array and GOS-resin composite material;
GOS = Gd:0.S

1 EFXaUTF HI>FL—ET7LAICERSIh 244
Fig.1 Required characteristics for scintillator array of
security; GOS = Gd.0.S

®1 U FL— 2Rk
Table 1 Scintillator material properties comparison

Hitachi Metals Other material
) GOS-resin GOS
Material composite for medical CdWO04 Csl Remark
Code number SX305 LS-7 — -
Light output (a.u.) 103 100 50 150 Thickness is 1.3 mm
Afterglow (ppm) 14 7 7 1,200 After 30 ms
Density (g/cm”) 5.0 7.3 7.9 45
. - B 12 Calculated values (at 100 keV)
X-ray absorption coefficient (cm™) (Theoretical value) 19 22 9.2 except as noted
Radiation deterioration A0 50 109 a0,
of emission intensity (%) 4% 2% 10% 3% After 1 kGy exposure
Deliquescent No No No Yes
RoHS/Reach .
environmental issues None None Cd None (TI) European Community standards

38| HiI£EBHI Vol.35(2019)



Nd-Fe-B BiEin NEOMAX® F o 1)—X

Nd-Fe-B Sintered Magnet NEOMAX® F Series
NEOMAX® NMX-S49FH, S49FSH
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Fig.2 Schematic diagram of grain boundaries in Nd-Fe-B magnet

Appearance of NEOMAX®F series magnets
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Ultra-High-Accuracy Linear Motor Stage with Short Settling Time
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Next-Generation Undulator with Spring Compensation Modules
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High-Toughness Ductile Cast-lron Steering Knuckle
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Conventional design: 5.5 kg
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LAN Cable for Overseas Rolling Stock
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AR B 7 d (3 P E D g S R0 el T
AR E N TnWE, SRk T T
) —5E (CAT.5E) LAN 7 —7 L&
EHITT VT - RRIN I O g S L R
T 72 R AR H T 5,

% EN: European Norm KNS
(BRI v =—)

F1 LAN 7 —FILOEEEE - w3
Insulated core pairs /“ Table 1 Transmission rate and frequency range of LAN cable
4 Property Cat.5E (2P) Cat.7
/ / S Transmission rate (Mbps) 100 10,000
Individual pair tape shield } ),// A Frequency range (MHz) 100 600
Sheath \\\1; 2 R2 KKRLMOHR (£IBE TEIE)
é/' 7 Table 2 Result of reaction to fire (all criteria met)
Property Requirement Result
Overall copper braided shield . Unburned part = 0.05 m Passed (0.43 m)
Flame retardance (single) | piyned part < 0.54 m Passed (0.50 m)
10—mm Flame retardance (bundled) | Burned part = 2.5 m Passed (1.0 m)
Smoke density Transmission = 70% Passed (84%)
E1 -7
o o -
Fig.1 Cable structure Toxicity Toxicity index (ITC) =6 Passed (3)
80 160
Cat.7 measured value
70 140 / ir 1-
Cat.7 specification - | (pair 1-4)
= % o~ g QOMWWMW“MMMWMWW%WNMWMW
T 50 = 100 W;,‘,&‘,W‘,V‘Q,M (i kg\}‘g‘”,‘fh.y,; G iy il ‘{:JW\"W‘»’{:‘/h:‘u:\‘u&h,‘(‘il
= W
§ 4 2 80 Akl
g 30|  Cat.5E specification g 60
< (for reference) \ 5
< 20 - 40
% Cat.5E specification
10 Cat.7 measured value Zz 20 (for reference) Cat.7 specification
(pair 1-4)
0 0
1 10 100 1,000 1 10 100 1,000
Frequency (MHz) Frequency (MHz)
2 REEMH 3 mimmEESEE
Fig.2 Attenuation performance Fig. 3 Near-end crosstalk performance
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Inline Real-Time Optical Fiber Monitoring System

[
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7]

8

S

Primestar® VCI Blue Series

F—2 XV A —TIET — 2 kAR
DEIMZEN, N4 T FEEADOE
RARLERIGEE - MHRY) D F A T bh
T3, ZRETHYE/TIE, 0
MAC 1% (Move-Add-Change) 2% L
T, RO TREBEEDOFEBRD -9
ICka—~v Yo —IckBBhEE
1B % E L 2 ¥ L, 2
F o & AR TS e DA g & I T
E58mE LTTLTh3 (B1),

ZOBATHEEE, NERICREEE M
INCTRR EESREE AL THD, Z
DIFHEN % BRI L HIAE-3 2 $ephi 2
WKL L &2 =B L Tn 5,

(B 2), #OLEHEREL VT4 v
oA TELEAREEHFE L (F 3,
x£1),

i 78 i id, TR AL RE D 1F A 1S
MAC 13 O 3 b 4571 0 [nl # i # o i
B LD VT 7 EPRRE A TEI L T
W3, ZHhitkh, BAMELL TS A
VI SERMOEHE - AL - 3 VIE
EEMELL T, AAME=—TIB A
BIENTED, £/, R - EHEE
Db—gna R bHkAETREIZT 5,
DTz 2 OBREE R &R T,

1. #EEE R
(1) 7% - & LED Tilfg ko % &R

(2) LED ridk ¢ b e

HE A S O - thBERIZ & 2]
KT 2= — g vV TIEEDERE
ik

(3) 787 — & = 2 b&HE

BRI & ML A o 7= A Al 0l
O THEREOHIELEZX D, B
WE TOMBI AR 5, £72, HIE
SREICHRELTSETTCE L 72
WA DY 0 23 AR & 75 B
PlEoksiz, 41 V54 v0ikET
K ST —% )V TILEAL LTEZZY Y
FTEBHI LT, DB ENRS
Wk cx %,

bl 2 dl & PR U Il oD R 2¢
FIEEH 2 ATREZ 5 %

Gl AREEh 2 B L T -40 ~ +15

dBm D&M E RN % 7210 T < (ERIAR S 3= —)

€ 20
& 10 New (Primestar VCI Blue series)
(" g 0 Wide power range: -40-+15 dBm
s : = I §_ 6 Dynamic range:
& _ il ; 5 5-fold 55 g
~yir] i -20
——t :
e . ,_ = 30
1 BENARIERM 2 FIA L - RITHS & 0 Current product: 10 dB
lo— * ST E=
(@) /¥ — R (b) K7 h2 -2 § o0 05 10 15 20 25 30

Fig.1 Visual connection identifier (VCI) and detector types
(a) non-integrated type (b) White series (integrated type)

Output voltage (V)

2 CREYORMER (RiTHEHBUIOLER)
Fig.2 Comparison of sensitivity range between current and new
products

%1 Primestar VCI Blue series Dt#%
Table 1 Specifications of Primestar VCI Blue series

Property Specification
Fiber type Single mode
Connector type SC, LC, MPO
Wavelength 1,200-1,650 nm
Sensitivity -30-+10 dBm
Insertion loss = 0.75dB (LC-LC)
Reflection loss = 40 dB
Operating temperature range -10-+50C
Communication protocol TCP/IP, SNMP

f

3 AT T 74 N—RIEAKREREE (FRR)
Fig. 3 Inline real-time optical fiber monitoring system
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Innovative Standard Die Steel for Die Casting

DAC-i™

£ 4 5 2 B OREE, SRR
BEUNA 4 s Abrssederh, 6k
2 HARTERE R O SRR O B i 23
KEL BAMEHAICH D, ZDD, &
EURPRHZ IZ @ e Sk 6 h s, it
KD G EHEHTRA L 2ZHBEF LT
i, BAMEESDTYLT VY4 M
FEBRTL T 5720, LREIEESK
EL Lo THEINY 22 0 EE S,

ZZT, A&akate 2018 4R 5 HiC
KIS ERG L 1 b iE
BTV A A U2z R o v 2
EHAGDEBZ EI2XD, EPEL
L 72 RIS YE & 4 7 2 b 4R G
[DAC-i™] B L7z, RI112, &l
W & DT Y X %78 §, DAC-i

» High

Standard
i steel

Q4
Ny, R
23

High-performance

Strength at elevated temperature

E, FEROBEHER DAC® & T Eih
W & WY E O EN T I2H S,
B2, DAC-i DR RTH 2 #k%
FIRTO Y v ¥ — Ml B BRI R
LR AR, akBihid, 500 mm 4
F: T v il Mg Od L S WY e E R
B IEFNE I HE (R A 74 PR
W JE B D Y AVEE A 2.3°C /min)
THANZEDTH B, KOS %
FUE L BEASIEIC 0T, AR
DAC XD & @& R L7z,
K3z, HuEE»BRBLZ b —
T 9oy Iab—Y g kB
2k Biite — N7 5y o VRS X
Y, ZOFETRERE 1T - 2R,
E— 20T 90 REEFTOYA ILE

7, DACD 5004 4 7 L2 x LT
DAC-i 31,000 4 2L & Cr kL7,
X512 3,000 B4 2N F TIRER AT 72
#%, REREBWIE T Ty 2 OHERIRI
EBISRUEREE 41087, Sk
gL M A SR ici xR DAC-i i3,
DAC LWL TIR KDY 7 7 TED
BLZPoln->TlY, Mife—br Iy
IYEZEN SRR SNz,
DAC-i %, /NMa» & KW % TlRIA
WA A TR A& R HET & B IR0
28V E—=FHTH D, K afER
HEICETHA H A PO A
ATWIHBH A IILY, &
F A HEANOHEBA IR TZ 5,
(CHegksi 57 78 = —)

(a) Test piece

Induction
heating

Heating to 650°C

Water
cooling

-

Cooling to 30 - 50°C

3 E—- 77y 7HBROBER (a) hh#k (b) AAD

» High

Toughness

1
Fig. 1

EREE EMEDAIER
Comparison of DAC steels

[o)]
o

(a) heating and (b) cool

50

40

30

20

Charpy impact value (10* J/m?)

o

Fig. 3 Schematic diagram of heat-crack test during

ing

W
()]

38 40 42

Rockwell C hardness number

2 EETH2mmU /v F ¥ vl E—EERRER
Fig.2 Results of 2 mm U-notch Charpy impact test at room

temperature

44

46 48 50 45 HRC

200 um

M4 H3TRLEE—b
(a) DAC-™ (b) DAC

heat-crack test shown

77y JHABRTOD 3,000 %1 7ILED

® OREEE
Fig. 4 Cross-sectional optical micrographs of
(a) DAC-i™ and (b) DACP® steels tested for 3,000 cycles in the

in Fig.3
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High-lmpedance Common-Mode Choke Coils

KFa—2o73a4)

[
an
7]

8

S

774Xy M FT-3K10Q ¥ J—X

MR L BRB I O@RILIZ kD E
KEBHERL T IF74 AT )y FHE L
EOXMRABHEDOTIHIIS HORE
NRAZFN TS, KRB EHE T
E— 4 —EKBOEAN DA 23— 2P H
WAERLENRETSIEVE-F)
A2 EKKT2HAMTaEYE-F
Fa—AAABEHINA TS, BE)
HOBILOERBIZFaT - F
A ZOMRNIEETETEEL LT
BO, R ED 2 4 ZPIEIRIR A
BT 572012804 V=&V 25
BERORWHEMEALEE T D,

Har e cid, 1988 &b F /4
YRR T 7 4 v 2 MO AR
WhEIEVE-FFa -2 )L%R

1 FT-3K10Q#ERAWAEZIELE—-KFa—7aA7HL0a1I
Fig.1 FT-3K10Q for common-mode choke core and coil

x1 MHESEE-B

Table 1 Material magnetic properties

FERTHBH, Z070, HiGoEA
=4V 2 LEESRIZIB A B XL, i
Itz ESTEH A Y E—F Y 2BHEHE
635774 Ay b FT-3K10Q
ERFELZ (K1),

T7A VA E DA V=&V 2B
KL/ % S G5 h BV PE T
FEOBEGE LMK ELIKGET S, 22
TRRMIZBWTE, 774V Ay LD
Tk 55 T B BE 5 PF D FE 2 W 247>
7mo ABARREOA V=& v 2FEGR
1310 kHz #°5 10 MHz F TOJE K
HPHIZBWTHERMDT 74 v X b
FT-3K50T % Mn-Zn 7 = 5 4 M(H .
B MP70D)% LM5(E 2), A
F& 13 BE Sk A FT-3K50T &t T

100 kHz 12342 T 35%, 1 MHzIZ%
WT 15% BV Y ¥— 2V 2B R %
HE5(F1) ., 72, KHFELMIZ -40TC
75 150C O E RPN I35 4 v E—
& A B DAL 25°C L) O
HiH 12% TH O, PERMIZIRTE
ELmER 2 E$5(F 1, ®3),
AWFEMEHVEZTIE Y E-F
F a2 — 2 T4 VTHEBETEHETH S
AEC-Q200 (= xS U 7= 15 i 1 ek % %
Fhe L, BfEMERE AT H 5,
FT-3K10Q = W IR B # i iy o €
VE—FFa—rar7tLTHW5EZ
ETHERM & D BTz A ZRIRRD
RELE L =MERERHIfFcx %,
(k8 7 v 78 = —)

40%

1,000,000
(Temperature: 25°C)
= FT-3K10Q
5 (new material)
3 100,000
=
I}
Q
o FT-3K50T
=
S 10,000
g
£ Mn-Zn ferrite
- (MP70D)
1,000
10 100 1,000 10,000

Frequency (kHz)

2 AL -4 BHEDRRBUSME
Fig.2 Frequency performance of impedance permeability

30%
20%
10%

0%

-10%

(Frequency: 100 kHz)

FT-3K10Q
(new material)

Variation of impedance permeability

Material 20
Property FT-3K10Q Mn-Zn ferrite 20%
(new material) | "% | “(mp70D) 30% _ FT-0KS0T
Impedance at 10 kHz 110,000 50,000 9,700 -40% M(”,(,|ZFT7f§’D';te
permeability at 100 kHz 50,000 37,000 10,500 50%
(at25C) at 1 MHz 11,000 9,600 3,400 40 20 0 20 40 60 80 100 120 140 160
Temperature (C)
Variation range
of impedance (-40-150C) 12% 26% 7% 3 A LE—41 ABHEDBEKIE
permeability R . -
Fig. 3 Temperature dependence of impedance permeability
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High-Performance Iron-Based Die-Cast Sleeves

EX-W, EX-Y

LA S A LG TIE, WHEE S
680°C LI EDA £ 721k Fe G &M
0.6%LLFOREkZE 7L I M A& L
7BE s E OB R $RERIF T T, &
AHA LAY =T ORHEIRAHE L
BoTWs, HVEGETHMZ, ki
D &S mFFamE EOBERICHIGT 5 72
W, MHEEEC BN SR SR A
Y — 7 [EX-W] [EX-Y] #R¥ L 7%,

X1z Hy&m T E# 8 E s KO
O Fo>THhBE—EDZY) —T DI Z
b EFMOA A=V ERT, FHEAE
ERHW EX-W, RoNA X &G
EX-Y &, HV&ETEMORRES
RN EX L HYESEOY T I v
2 (Sialon) ORI ERT SN S,

)

L

EX-Y: Special (GSS) shrink fit
High performance

EX-W: Speci@oy, welded

&0
@iding: NVG-L

@
Erosion resistance — §

\\
"

Cost — High

B1 AR bPEFGDA X -
Fig.1 Cost versus service life (erosion resistance) for various alloys

Evaluation method for Test result after 120 min

erosion resistance

IH .

Erosion

Sleeve 8 Appearance of
Material rate (%)

part test piece tip

EX-Y sleeve e
(special HSS m 3%
Inner shrink fit)

sleeve | ey sleeve

TP: $10 X 90 L : 5
ial all
Molten aluminum: AC4C (Spev(ilgld? 0y 10%
Temperature: 700°C
Rotating speed: 90 rpm
Stoker 30 oot PP Outer | AISIH13 -
sleeve | (DAC)

3 EMEESRRZIY - T (REWEL L) OfitFBM%E
Fig. 3 Erosion resistance of high-performance iron-based sleeves
(without surface treatment)

2 ICHHRBMOMEE R T, A —
T NEBICI AR IS B - A e & R
§5Z LT, WIRIOEFLEEAHK L
FEICEEAEC ARV ESITL T
5, 205 b, EX-WiX, PISKEHE
HRTEREONTE S, EX-Y i35
i & B U TRA T 2 TR A RH
LT3 720, SEEHERIZE B
TE, MERMELRIFCH D, 72,
BEIROIZ & B IEAIR IS ) & i & &
52 L TCHNREMIEICE 85, 2
) — THREIRIIZ & D, BOEDA
REMIELT 2524 THb 5,

312, DAC®(AISI-H13 %)% &
U EX-W, EX-Y IZDOWTERLFEAEL
TR T AR 2 FE i L 7=

RERT, FRMIZERIZ, DACICIL
NHEEMEICEN TR Z b5,
B 41213 S R f LB & i L 7= &
4 91 2 b 2 ) — T OREHENED s
RERT, EX-W, EX-Y iZ, fitEHE
PN % RmLEE (NVG-L+EX) %

fid Z & THEBEAIH N TS,
X522 — T TOIFmaC k6
W, DAC™ IZhA%ém EX-W % Bfiksd
UNVG-L+EX O KA % fi L 7z 2
)—7%, SKD61LIZE{bAEEL 728 D
&K 9 o FEdma B Sz,
Z) — T OFmmh EIZ kD, #hEk
PEYEN A B L, EEO P —2 L3R b

KRB RS 5 Z e X h b,
(H &8 TRk 2 1)

Near the gate  Full-length Near the gate  Full-length

2 EMEEMRIU-TOREELEE
(@ EX-W XU —7 (b) EX-Y XU —T

Fig.2 Concept of high-performance iron-based sleeve structure
(@) EX-W sleeve: special alloy weld (b) EX-Y sleeve: special
HSS shrink fit

a3 —8— No surface treatment
3 —o— Nitriding (conventiona)
—4— ReCo (improved lubricity)
25 ——- NVG-L (special nitriding)

—— NVG-L+EX
—4— Special alloy, HSS
+NVG-L+EX

Erosion rate (%)

0 50 100 150 200 250 300
Testing time (min)

4 BRERENIE & MEROMEEME

Fig.4 Erosion resistance of high-performance iron-based sleeves
(with surface treatment)
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Clad Terminal for Lithium-lon Batteries

175 Kig

7l

#
%
o

Clad terminal post

CO, HEH Bl T 72 B E OB 128 (Cu) W SR T W52, AlIE I A Cu THER L TWB Z b,
BHB OBy, EV (Electric K& Cu /N AN — b EAREHET 5 PERD Cu B TISRA THWS Z
Vehicle) ® PHV (Plug-in Hybrid &, A RmICNES s SEE LA A LT, AN AN — L DR EER A

Vehicle) 212 U®» & L - EEH I, R E N, PR G T SME T 3 5 729, e L7 (R2).
SHB[FBUE PR RBELTH 5, —MREJIZAIL by b AW TR 275y FEFIZHWS Al/Cu 7 T v

ZF O KIZENT TUE, BB OMEE hTnwg, 72, BR{L2HMELT FRHE, WRIEREIZED AlE Cu %
BEOIERAMETH S Z o, K Al ZNN—DEMAMED 5 h &S & JE# (25 9 ) U, ZO%iksEsti

HWMTHDUF7L44+vEilh (LIB) LTWah, ZOEEEMKIZ, Cuf MATH Z e TEREERS L, s
OEER, BRI ED 5Ty P T & DRI 361 B E MO BEBEEHRL T3 (F1),
5, RPREETH > 7=, DEo &k Mg EOTRIZKD,
PEHKD LIB T Y 2 — VIEFTEDH IS DOEMREA RIS 5729 77y FiafE, @EsaBRE T oA

%G58, #HED L % (Cu) 12, B E@AaA~7) 7k, Al/ & B HIERH LIB OhiE Mt L,
BNZN—IZ k> TR L THER SN CuZ 7y FMEMLLEZY 7y Fii . TR, & 6 OIcigEEfb~DE
%, WE, LIB 2L O8I, FERFELZ (B1), W TE 5,
ERENZ 7L I = 4 (A, Bfmfl 77y Fimiid, ¥ 1BE % Al (MRSt HEEE A A~ TV T L)

% Al busbar

“ : Clad terminal :IWeld

ey 3 \

L Resin seal I \\//

| . I

Sealing plate | I I | |

Insulator |

Current collector

1 Al/Cu?7Zvy RiEFERWEEREILET IV
Fig.1 Battery cell model using Al/Cu clad terminal

1 A/CUTTY REEFOERCRILE - F v MERIBIEEDLER)
Table 1 Characteristics of Al/Cu clad terminal in comparison to nut/bolt
fastening method

Reliability No looseness due to the vibration
Weight reduction Direct connection with Al bus bar is possible.

= (space saving) No need for fastening parts, such as nuts and bolts.
Assembly time Welding reduces assembly time.

5 mm

2 Al/Cu ¥ 3y RinFOHER
Fig.2 Appearance of Al/Cu clad terminal
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