


Structure & characteristics of planet roller reduction YAMAHA

Characteristics Principle, structure

Traction /Drive (T/D) is a device that transmit power through
the oil-film lying between two rollers.

( These two rollers are having rolling contact )

The traction drive system has no engaging noise  of gear tooth
fkanks : it has made the silent much closer to that of the bicycle

Revolving direction

  The planet structure consists ring 
roller, planetary roller, sun roller and 
carrier

  The roller's elastic deformation is used 
for the pressure between the rollers.

Sun roller

Planetary roller

Ring roller

Principle

Structure



Characteristics of controller YAMAHA

CHARACTERISTICS

( Stabilisation of travel distance ) ( Battery protecting function )     (  Trouble detection system  )

Application of motor current feedback control

1. It control motor current stably against the 
    fluctuation of speed and battery voltage

Can always get the stable assist power
regardless of travel condition.s

2. High-accurate motor current control.
Electric current  can be controlled as the 
motor  current control  has been improved.

Stabilisation of battery  warning  and operation
discontinuance   

Control system that draws out battery
performance to the full, regardless of 
travelling road conditions. ( going uphill,
flat, etc. )

1. Auto power off.

2. Operation discontinuance with higher 
accuracy by the improved battery 
voltage detection system.

3. At stop for a trafic signal, electricity will 
not be supplied (for power saving) even 
if the rider keeps stepping on the pedal.

1. Trouble detection system is added.
   Characteristics of Ni-Cd battery are
   considered.

2. Trouble condition of controller is
   reconsidered.

3. Visibility of lamp flashing is improved
    Lamp location is changed.
    Flashing interval is changed.

4. Reduction of the shock given when
    the operation is discontinued due to a
    drop in battery voltage.      

Light weight and compact in size

Stufficient assisting performance assit ratio less than 1.0

Stable range for travel distance : YMC pattern 30 Km

Battery-life protection

Trouble detection



StructureCharacteristics

YAMAHAStructure & characteristics of battery box ass'y

Light weight and compact  3.5 Kg (D cell).
It is easy to handle the battery box ass'y for charging.

Stufficient discharge capacity : 5.0 Ah (D cell).

Long cycle life                           : 500 cycle or more
  The battrey box ass'y can provide more than 500 
charge/discharge cycles or more by YMC pattern.
2 way charge                              : removable and fixe on frame

Receptacle comp. Battery ass'y

Battery box

Receptacle DC

( Wiring diagram of the battery box ass'y )

Thermister

Fuse holder

Battery celll

Receptacle comp.

Receptacle DC

Fuse of temperature



Cover tube Fuse of temperature

ThermisterBattery cell Connector of charging

Connector for discharging

( Electrochemical processes  )

In this process, charging and discharging are reversed with hight efficiency, with
the electrical energy used during discharge being regained
during recharge. 

Structure of battery ass'y YAMAHA

Structure of battery cellStructure of battery

Discharge

Charge

(Positive ) (Negative ) (Electrolyte ) ( Negative)(Positive )

(Oxy-Nickel
hydroxyde)                

(Cadmium) (Water) (Nickel
hydroxide)

(Cadmium
hydroxide)

2 NiOOH+CD+2H2O      2Ni(OH)2+Cd(OH)2

Self-sealing vent

Sealing plate

Insulation ring

Negative 
plate 

Separator

Positive
plate

Insulation
plate

Case (-)
negative

Positive terminal (+)

Insulation
gasket

Current
collector

The electrochemical processes of nickel-cadmium alkaline storage cell are
described below



Overview of power Assist System -4 
Internal noise

Functions

External noise

  Output

Fusion force
Assist ratio less then 10

Non-
controllable
factor

Controllable
factor

Pedal pressure

Speed

Input

1. Detection of pedal pressure and speed

2. Control of motor power

3. Fusion of pedal pressure and motor power

4 .Deceleration and transmission of resultant 
force.



( Temperature control during a charge/discharge )   

Temperature control circuit

Charge temperature range
Distcharge temperature maximum

( - ∆V  Cut off charging system )
This system cut off  the hight-rate charge current by

detecting the drop in voltage in the cell after voltage has

reached its peak during charge

The amount of this voltage drop (- ∆V) is detected

and the charging current is dropped to C/20 or less.

The value of - ∆ is usualy 5mV/cell at 20°C.  

Charge time (hours)

Charging characteristics

- ∆ Vcut off charging system
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Characteristics of  battery charger     

Charging methodCharacteristics



Code
	No.

1

2

3

4

5

Flashing pattern

Self diagnosis system YAMAHA

Main switch on  3 pilot lamps come

 on 3 sec., and off. 
Identify the the flashing code of pilot lamp.
Once the code is identified, take recommended action.

Countermeasure  

0,5 sec. 0,5 sec. 

0,2 sec

0,2 sec

0,5 sec.

0,5 sec. 0,5 sec.

off for 3 sec.

off for 3 sec.

The  1 lamp  is on for 0,5 sec. and off for 0,5 sec ..

And this flashing pattern is repeated .

The  1 lamp is on for 0,2 sec. and off for the 0,2 sec..

And this flashing pattern is repeated .

And this flashing pattern is repeated .

The  3 lamps are  on for  0,2  sec. and off  for 0,2  sec..

Fkashe two times and stop,    and this pattern is         

repeated   ( two quick  flashes every  4,5 sec.)

Come  on  for 0,5 sec. every  3,5 sec. and stay off

For 3  sec , and this flashing pattern is repeated.

ON

OFF

ON

OFF

ON

OFF

ON

OFF

Same ride assistance power is still available,
but the battery is running low
Conduct charging.

There is no ride assistance power and the
battery is low.
Conduct charging immediately.

There is no required current at the motor.
   - Check the wiring around the motor.
   - Refer to "Controler  system check".

You have a defective torque sensor.

Refer to " Torque sensor system check" and conduct
repair or replacement of, respective parts.       

You have a defective speed sensor.

Refer to " Speed sensor system check and conduct 

repair or replacement of the speed sensor.



Reduce the pedaling load on a run

  The pedaling force on a pedal is detected by the 
torque sensor, and the speed sensor pick Up the 
traveling speed. The data of these torque and the 
speed are transmitted to the controller, the required 
drive assistance force is added, then the pedaling load 
for the driver is reduced. As not allow the slightest time 
lag. Therefore, in order to perform smooth control 
which does not spoil the pedaling feel, the system 
allowing a rapid control is adopted. ( "The Power 
Assist System" we have impremented this time 
provides the time response of aprox. 10 msec.) 
Accordingly the following 2 features are impremented.
(a) Realizes the constant drive assistance ratio against 
     the load.
(b) The pedaling by the drive assistance force offers 
     the same feel as the human-power, free of time 
     lag and disorder.

Reduce the deflection

	   For the ordinary bicycle at start, an extremely high 
drive force is required. For the PAS, the loed is as smaIl as 
about the half of the ordinary bicycle .The 
figure shows stability oft he handle bar at start, and 
the PAS, as shown in the below reduces the deflection 
of the handle bar as well as reducing the load.

 Effect of Power Assist System
YAMAHA



( Japan market )

YAMAHA has the 

advantage !!

Situation of PAT application for PAS YAMAHA

No of  applic.            Accumulation 

?These aplications are opened to the public

We applied the essential PAT (more than 30 cases) to Europe

and United States Of America.
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Basic Component of Power Assist Unit YAMAHA

Parts 
name Power unit ass'y. Battery charger Battery box ass' y.& 

Main switch ass'y.
Plug DC receptacle

Com-

ponent

Motor control unit

Power unit

Battery box ass'y

Battery box

Receptacle comp.

Receptacle DC
( for elecl. discharge)

Main switch ass'y.

Plug DC receptacle

Battery ass'y



A

B

C

B1 B2

B3 B4

Parts
name Power  unit ass ' y Battery  charger Battery  box   ass'y.S

Shape

Essential 
selection

Frame type
Design taste
Bicycle size  (20   ~  27 inches )

CE Reg. adjust Frame type
Design taste
Cruising range / charge  

Optional Component of Power assist Unit YAMAHA



Battery box ass'y

Power unit ass'y Mount

Horizontal

Vertical

Horizontal
Inclination

Vertical

• Side cover :
new design

• Side cover :
new design

• Side cover :
new design

• Side cover :
new design

• Seat height :
  too hight

• Seat height :
  too hight

• Seat height :
  min.845mm

• Batt. under case :
  new design

• Batt. under case :
  new design

• Seat height :
  too hight

• Seat height :
  too hight

C

B

A

B1 B2 B3 B4

Combination of Power Assist Unit YAMAHA



Structure& specifications of power unit A type YAMAHA



Structure& specifications of power unit B type YAMAHA



Structure& specifications of power unit C type YAMAHA



mounting method

bolt specification

necessity of cover

design identity

weight

measurement

projection area

production cost
investment  P/ U  

productivity cutting     
productivity  ass'y

productivity inspection

cover design
cover development
cover shape  adjust

difficulty  frame  design
investment  frame

BODY DEVELOPMENT

DEVELOPMENT DIFFICULTY

COST PRODUCTIVITY

WEIGHT. SHAPE

EASY MOUNTING

Comparison list of YAMAHA power assist unit YAMAHA



3.  Technical  descr ipt ion of  the apparatus

	 3.1 Bicycle  specificat ion

	 	 Refer  to  a t tached technical  sheet  n°7.

	

	 3 .2  Electr ic  par ts  l is t  of  e lectro-hybrid bicycle .

	 	 Refer  to  a t tached technical  sheet  n°8.

	 3 .3  Bicycle  s t ructure

	 	 Refer  to  a t tached technical  sheet  n°9.

	 3.4 Electr ic  par ts  layout .

	 	 Refer  to  a t tached technical  sheet  n°10.

	 3 .5  Wiring diagram of  e lectr ic  system

	 	 Refer  to  a t tached technical  sheet  n°11.

	 3 .6  Circui t  diagram of  control  uni t

	 	 Refer  to  a t tached technical  sheet  n°12.

TFC Ser ia l  N°  :  0001   

page 6  o f  44



3.1 Bicycle specification

TCF Serial N° : 0001
Page 7 of 44

Product Name : electro-hybrid bicycle

Length (mm)

1880Height (mm) 

width (mm)

1880

5 AT

600

1100

Number of wheells & wheel driver 2 wheels / rear wheel

Diameterof wheel s Front wheel =26 inches
Rear wheel = 26 inches    

Weight (Kg) 28.4 Kg

Motor

Motor wattage

Motor type DC motor with brush

235 w

Detection of pedal torque Rottary potentiometer

Detection of bicycle speed Magnetic sensor

Operation speed range
of electric assistance

Normal assistance 0 Km/h ~ 15 Km/h

Assistance reduction 15 Km/h ~ 24 Km/h

Front wheel Calliper  brake   

Rear wheel Roller  brake

Voltage of battery 1.2 V x  20

Brake system



3.4  Electric parts layout

1. Fuse           6 . Receptacle of frame side

2.Battery           7. Torque sensor

3. Receptacle of battery side           8. speed sensor

4. Connector for charge           9. Control unit 
5. Main swich & pilot lamp           10 DC motor

TCF Serial N° : 000
Page : 10 of 44 



3.2 Electrics parts of electro-hybrid bicycle

N°

1

2

3

4

5

6

7

8

9

10

PARTS NAME PART N° SPECIFICATION

TCF Serial N° : 0001    
Page : 8 of  44

CONTROL 
UNIT

DC MOTOR

SPEED SENSOR

ANGLE SENSOR

BATTERY

MAIN 
&

PILOT LAMP

RECEPTACLE
ON BATTERY

PLUG ON FRAME

CONNECTOR
FOR CHARGER

BATTERY FUSE

5 AT

5 AT

5 AT

5 AT

5 AT

5 AT

5 AT

5 AT

5 AT

5 AT

Freq. of oscillator : 16 MHz 

Operation voltage  : 13.6 V   -32 V          
Current consumption  : 60 + 10 mA Except Motor eur
Motor drive freq.  : 15.6 KHz

Motor type  : Permanent magnet with brush
Motor wattage  : 235W

Type of sensor  : magnetic sensor

Operation  voltage : 12V

Type of sensor  : slide brush & resistor
Operation  voltage : 5 V

Type of battery : Ni-Cd  battery 
Battery  voltage : 1,2V x 20 (cells) =24V

Type of switch : mechanical contact switch
Type of lamp : Led x 3
Operation  voltage : 24

Type of contact : mechanical contact 
Operation  condition : 20 A at 26,4 V

Type of contact : mechanical contact 
Operation  condition : 20 A at 26,4 V

Operation  condition : 3A at 50 V

Type of contact : mechanical contact 

Fuse type : blade type
Operation current : 30 A



Speed sensor

Angle sensor

P i l o t  l a m p

M a i n  s w i t c h

Power
5V

Power
12V

C1

C2

C3

Micro

ComputerI/F

I/F

I/F

Electrobicycle-hybrid bicycle control unit

Watch

dog

t imer

LED

dr ive

Motor  

cur r.

de tec t

Motor

dr ive

Motor

Re lay

NF Motor

24V

3 .6  C i rcu i t  d iagram o f  con t ro l  un i t

TFC Ser ia l  N°  :  0001   

page 12  o f  44

Vcc
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3.5 WIRING DIAGRAM OF ELECTRIC SYSTEM

TCF SERIAL N° : 0001
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