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Abstract 
Forklift for industrial field is mostly used in closed area like warehouses or factories. Therefore, the 

emission issue of forklift is more serious than that of usual vehicles outdoors. And forklift is required the 

compact size and high power driven system for the efficient work in a limited area.   

In EVS20 at Long Beach, we presented a paper about the power capacitors for battery forklift for the first 

time. This time, we will present our latest development for new model Battery Forklift which is far superior 

to the conventional type.  

AC motor driven system newly developed by TOYOTA INDUSTRIES CORP. provides higher 

performance and smaller size than the conventional system by installing higher quality and smaller AC 

controller and AC motor driver.  

NIPPON CHEMI-CON CORP. developed Power Capacitors in the inverter circuit. The total volume of 

new capacitors reached nearly half (▲47%) compared with the conventional type by reducing the internal 

resistance and adopting optimized cooling structure. 

In this paper, we will describe the upgrade of TOYOTA 48V Battery Forklift, AC motor driven system and 

the development of Power Capacitors for the inverter use. 
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1 Toyota 48V Battery Forklift 

1.1 Specification and Appearance  
 

Model 8FBET15  
Load capacity 1.5 (ton) 
Dimensions  L2782×W1050×H2055 (mm) 
Battery Type: Lead-acid battery 

Voltage: 48V, Capacity: 440Ah (5h) 
Motors For run: 6.6 kW ×2 

For loading: 11.7 kW 
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1.2 Features of New Battery Forklift 
• Downsizing of vehicle size with keeping a 

commodious space and enough height of the 
operator compartment. 

• Achieve a good balance between the 
performance upgrade and downsizing by 
newly developed AC motor and AC 
controller. 

• Smooth, powerful and fine operability while 
travelling and loading due to the 
improvement of control logic. 

• Excellent safety functions based on 
TOYOTA SAS (System of Active Stability 
TM). 

• Improvement of wide variety of items to 
reduce operator’s fatigue by improving 
workability. 

2 AC Motor Driven System 
 
The configuration of the AC motor driven system 
is shown in Fig. 1 and Fig. 2 shows the 
appearance of it and built-in capacitors. 
 
To drive 2 motors for run and 1 motor for 
loading, the AC motor driven system of New 
Battery Forklift has 3 inverter circuits. And each 
inverter circuit is the same specification. 

 
  
As a result, the component standardization was 
achieved, and the extendibility of the system 
became easy.  
 
The inverter circuit is composed of the low-loss 
MOS-FET and the aluminum electrolytic 
capacitors (4 pieces per 1 circuit).  
By changing the material of the inverter chassis 
from resin (conventional type) to aluminum (new 
type), the heat radiation of MOS-FET and the 
aluminum electrolytic capacitor have been greatly 
improved. 
Therefore, the system achieved not only a great 
miniaturization but also high reliability by the 
optimized thermal design. 
Fig. 3 shows the volume comparison of AC motor 
driver. The new AC motor drive system achieved 
▲72% downsizing compared to the conventional 
type. 
 

2.1 Features of New AC Motor Driver 
 
• Downsizing. 
• High reliability. 
• Adoption of the low-loss MOSFET. 
• 6 in 1 module structure. 

 

Fig. 1 The configuration of AC motor driven system 

AC Motor Driver (Inverter) 

×1 motor for Loading 

×2 motors for Run 
(Right & Left wheel) 
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Fig. 2 The appearance of AC motor driven system and  built-in capacitors 

Fig. 3 The volume comparison of AC motor driver  

Fig. 2 The appearance of AC motor driver and built-in capacitors  



EVS24 International Battery, Hybrid and Fuel Cell Electric Vehicle Symposium  4

 

3 Aluminium E-Capacitor for 
Inverter Circuit 

Downsizing and high output are strongly 
required for the capacitor mounted on the 
inverter. In order to realize this demand, 
NIPPON CHEMI-CON considers reducing 
capacitor internal resistance, specially the 
improvement of -40 degree C low-temperature 
characteristic, and optimizing radiation 
performance of capacitor based on the structure 
change of inverter chassis. 
 

3.1 ESR Reduction of Capacitor 
(Low temperature characteristics)  

 
The internal resistance of the aluminium 
electrolytic capacitor consists of the electrolytic 
(electrolyte + separator) resistance ingredient and 
the resistance ingredient of electrode foil, and in 
order to improve especially the low temperature 
ESR, we must reduce the electrolytic resistance 
ingredient. nt. 
  
  
  
  

Ethyleneglycol(EG) and gamma-butyrolactone 
(GBL) are known as solvents of the electrolyte for 
aluminium electrolytic capacitors. In order to 
reduce the low-temperature characteristic, GBL 
system electrolyte is advantageous. 
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Then, we developed the new GBL system 
electrolyte, are combining it with the special 
separator and realized low ESR.  
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electrolyte, are combining it with the special 
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The ESR-frequency characteristic of the 
development product and the conventional product 
is shown in Fig.4. ESR characteristic of -40 degree 
C is dramatically improvable (233 mΩ → 13.1 m
Ω). 

The ESR-frequency characteristic of the 
development product and the conventional product 
is shown in Fig.4. ESR characteristic of -40 degree 
C is dramatically improvable (233 mΩ → 13.1 m
Ω). 
On the other hand, change of the sealing plate is 
needed with adoption of the GBL system 
electrolyte. The conventional phenolic resin 
laminate with rubber cannot be used due to less 
solvent resistance toward GBL. Then, we decide to 
adopt sealing plate made of phenol resin which is 
excellent in solvent resistance instead of 
conventional plate. The appearance is shown in Fig. 
5. Change of the plate also made it possible to 
adopt more reliable TIG welding (arc welding) 
from the conventional resistance welding adopted 
as connection of a capacitor terminal and a bus bar. 
The connection state of capacitor terminal and bus 
bar after TIG is shown in Fig.6. 
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Fig.4  ESR characteristic of aluminium electrolytic capacitor 



  
  

  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2 Heat Radiation of Capacitor 
 

The greatest point of downsizing the capacitor 
for inverters is how to control temperature rise. 
Temperature rise control of a capacitor can be 
said that ESR reduction and coefficient of heat 
transfer increase are the effective method as it is 
defined with the following formula. 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The reduction of electrolyte resistance or electrode 
foil resistance are effective for reduction of ESR as 
described in 3-1.clause.  
Moreover, improvement of capacitor radiation 
performance is to improve adhesion of a capacitor 
element and a case in order to decrease heat 
resistance of capacitor inside and to change 
cylindrical type shape of capacitors to ellipse ones. 
In this case, it is usual to examine heat generation 
of capacitors under non air-cooled environment. 
However, the actual environment of capacitors 
may accompany with forced cooling such as air-
cooling or water-cooling to take the heat from 
power devices. 

⊿T =  Ir 2 ・ ESR / βＡ   
⊿T : Temperature rise 
Ｉｒ : Ripple current 
ESR : Equivalent series resistance 
β : Coefficient of heat transfer 
A : Total surface area of the heat transfer 

 

 

Fig.5 Change of electrolytic capacitor sealing plate 

Fig.6   TIG welding appearance of capacitor terminal and bus bar 
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Therefore, we work on the improvement of 
radiation performance in consideration of actual 
capacitor environment upon joint development 
with TOYOTA INDUSTRIES CORP.  Since the 
inverter developed by TOYOTA INDUSTRIES 
CORP. can be used for cooling off capacitors 
even though it has forced cooling system to cool 
off power devices, we adopt the structure to cool 
off the bottom of capacitor, which is able to 
adhere a capacitor to aluminium chassis of 
inverter module. Fig.7 is the photograph of the 
bottom of capacitor. Conventional products 
cannot ensure the adhesion to inverter chassis 
due to the vent on the bottom of cases and the 
bulged vent caused by the elevation of inner 
pressure. 

However, the developed capacitor ensures the 
adhesion to inverter chassis by eliminating the vent 
from the bottom of case and improving strength of 
it. With this structure, it is possible to use the air-
cooling effect of inverter for cooling off capacitors 
as well because the bottom of capacitor does not 
bulge even though inner pressure of capacitor 
increases. Fig.8 is the result of capacitor 
temperature rise test in consideration of radial 
performance from aluminium chassis. By 20Arms 
/ 10kHz ripple current is applied to capacitors, 
when the capacitors are not adhered to an 
aluminium chassis, the radial performance will be 
16.6 deg, however, when the capacitors are 
adhered to an aluminium chassis, it will be 6.5 deg. 
(▲62%). 
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Fig.8  The comparison of  capacitor temperature rise  by the ripple electric current（cooling effect） 

Conventional shape (pressure valve) Structure improved for bottom cooling  
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3.3 Endurance of Capacitor 
 

Fig.9 shows the reliability test results of the 
capacitor adopted this time. 
 Due to the load test with rated ripple current, 
sufficient durability of capacitor electric 
characteristics, such as capacitance rate, ESR and 
leakage current, is confirmed. 

 
 

< Test samples > 
New Capacitor: 
 63 V 2700 μF (φ30 X 60L mm) 

 
< Test Conditions > 
◆: 105℃ static air, 

 Ripple current = 14.5Arms / 10 kHz, 
(No contact with housing) 

⊿
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Fig.9   Reliability test results of the development capacitor 
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4 Conclusion 

4.1 AC Motor Driver 
 

The new AC motor drive system achieved         
▲72% of downsizing by developing low-loss 
MOS-FET and downsized capacitors and 
adapting new structure and new method. In 
addition, high reliability of system is realized 
based on the optimal heat design, such as the 
improvement of radiation performance. 

 
 
 
 

 
 

 

4.2 Aluminium Electrolytic Capacitor 
 

The comparison between the developed capacitor 
and conventional one is shown in Table.1. ESR of 
the developed capacitor achieves the decrease of 
▲ 94% at low temperature (-40℃) and ▲40% at 
high temperature (105 ℃ ) compared to the 
conventional capacitor.  Moreover, ▲62% of the 
temperature rise reduction is confirmed compared 
to the conventional capacitor by adopting the 
structure of bottom cooling. From these results, the 
whole capacity of capacitor mounted on the 
inverter of new battery forklift is achieved ▲47% 
of downsizing. 
 

 New Motor Drive system Conventional system  
Size Ratio 0.28 (▲72%) 1.0 

Weight Ratio 0.43(▲57 %)  1.0 

 New Capacitor Conventional type 
Capacitor rating 63V 2,400μF 100V 2,700μF 
Capacitor size φ30×60L (mm)  φ35×50L (mm) 

-40℃ 13.1 mΩ (▲94%) 233 mΩ 
20℃ 4.6 mΩ (▲43%) 8.1 mΩ 

 
ESR 
(m
Ω) 

105℃ 3.5 mΩ (▲40%) 5.8 mΩ 

Quantity installed 12pcs / unit (4pcs x 3 sets) 20pcs / unit 
Total volume 0.51 ℓ(▲47%) 0.96 ℓ 

 
 
 
 

Appearance 

 
 
 
 
 
 
 
 
 

x 3 sets

 
  
 

Package structure 
(Temperature rise) 

Contact with aluminum chassis 
6.5 deg (▲62%) 

No contact with chassis 
16.6 deg  

Table.1 The comparison between the developed capacitor and conventional one  
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