
1RENGA   2106

ORIENTAL MOTOR

 Features and Functions of the EH Series Electric Gripper
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  Grippers are used as the end effectors of robots and automatic machines. They are mainly divided into two types: “pneumatic 
grippers”, which use air pressure, and “electric grippers”, which use a motor. Pneumatic grippers are lightweight, low cost, 

 cult. On the other hand, electric grippers allow the user 
to freely set the gripping force, speed, and position to suit the load, and to reduce the shock, optimize the gripping force, and 
reduce the takt time. In addition, the position information of the motor makes it possible for the electric grippers to detect a 

 rm its dimensions. The EH Series electric grippers use a rack and pinion on the gripping mechanism and an AZ 
motor as the drive motor, giving this product the advantage of having gripping force that is easy to adjust. This document will 
explain the featuresand functions of the EH Series in addition to how to use it.

1. Introduction

Grippers are actuators for gripping objects. They are 
mainly used as the end effectors of robots and automatic 
machines (See Fig. 1). Divided broadly by power source, 
there are two types of grippers: pneumatic grippers (also 
called air hands and air chucks), which use air pressure, 
and electric grippers, which use a motor. Table 1 shows a 
comparison of pneumatic grippers and electric grippers.

Electric Grippers

Fig. 1 Example Usage of Grippers (Arm robot)

Table 1 Comparison of Grippers

Item Pneumatic Grippers Electric Grippers✽

Drive Source Air Pressure Motor

Necessary Devices

Compressor
Regulator
Speed Controller
Solenoid Valve

DC Power Supply
Controller
Drive Circuit (Driver)

Control Method
Gripping force and speed 
are controlled by air 

Gripping force is controlled by 
torque
Speed is controlled by 
rotational speed
Position is controlled by 
rotation angle

Prices Low Priced High Priced
Product Mass Ratio to 

Gripping Force
Low High

✽Grippers using a position control motor

Pneumatic grippers are lightweight, low cost, and easy 
to drive, and can be used for numerous work tasks involving 
gripping loads, such as pick and place operations.

 cult to delicately grasp low-rigidity loads, 
and electric grippers are suitable for such applications. In 
addition, because electric grippers are driven by a control 
motor, functions such as completion of workpiece gripping 

 rmation can be performed without the 
use of additional sensors, which is effective in reducing 
work time and implementing automation. Electric grippers 
that operate on a DC power supply are also suitable for 
many mobile equipment units that operate on batteries and 
that are used in applications such as mobile robots and 
AGVs (Automated Guided Vehicles). 

Oriental Motor has developed the EH Series, 
(EH4-AZAKH), as electric grippers that pair a rack and 
pinion mechanism with a stepper motor (See Fig. 2). This 
document will explain the traits and functions of the EH 
Series, in addition to how to use it, while showing the 
measurement results on the actual equipment.

Fig. 2 EH Series Electric Grippers
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2. EH Series Electric Grippers

2.1 Structure
In general, the gripping mechanism of the grippers uses 

cams, slide screws, worm gears, and a rack and pinion. 
Table 2 shows the features of each gripping mechanism. 
The EH  ciency, and 
uses a rack and pinion with low gripping force variation.

Table 2  Features of the Gripping Mechanism Used in Grippers

Gripping 
Mechanism

Advantages Disadvantages

Slide Screws
(Trapezoidal 

Screws)

The self-locking feature has a 
powerful gripping force, allowing 
the grippers to prevent a load 
from dropping when the power 
supply is shut down

Worm Gears

The self-locking feature has a 
powerful gripping force, allowing 
the grippers to prevent a load 
from dropping when the power 
supply is shut down

Cams Lightweight
No self-locking feature is equipped, 
so the grippers cannot hold a load 
when the power supply is shut down

Rack and 
Pinion gripping force variation

No self-locking feature is equipped, 
so the grippers cannot hold a load 
when the power supply is shut down

The EH4-AZAKH has a compact size, which was 
achieved by combining a rack and pinion with a 28 mm 
frame size motor (See Fig. 3).

Stroke 25 mm (One side 12.5 mm)

48.5 mm

46
 m

m

91 mm

Fig. 3  Dimensions

In addition, a long stroke distance has been attained by 
installing two racks and guides parallel to each other and 
installing a pinion between them in the center position (See 
Fig. 4).

PinionRack

Finger

Fig. 4  Gripping Mechanism

To grip a load, an attachment (hook) is prepared and 
 nger (See Fig. 5). When gripping 

loads of different shapes, such as in multi-product mixed 
production, the mechanism is able to grip objects whose 
dimensions differ by up to 25 mm without changing the 
attachment and gripper. This makes it possible to save on 
the labor and cost for changing tools as well as to reduce 
the installation space.

Fig. 5  Attachment Installation Example

For the rack and pinion to have a long use life, grease is 
 rmed 

that the grippers operate properly 20 million times at 
maximum gripping force.

2.2. Motor
The motor uses the AZ Series (hereafter AZ motor), 

which is equipped with a battery-free mechanical multi-
turn absolute sensor (Absolute Sensor) (See Fig. 6). Even 
if the power source is shut down, the Absolute Sensor 
mechanically retains position information, and therefore 
operation can resume without the device returning to the 
home position. Because there is no need for a return-to-
home external switch, this cuts down on labor for such 
tasks as design, wiring, and adjustment.

Battery-Free Mechanical
Multi-Turn Absolute Sensor
(Absolute Sensor)

Fig. 6  Motor

,
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2.3. Installing Parts to Equipment

The EH Series can be installed in one of four directions: 
three side-facing installation directions and one back-facing 
installation direction (See Fig. 7). Due to this design, the 
user can change the direction of installation depending on 
the equipment. There are holes on each installation surface 
for inserting positioning pins.

Screw

Screw

Positioning 
Pin Hole Back Face 

Installation 
HoleSide Installation 

Hole

Positioning 
Pin Hole

Positioning Pins
(2 places)

Positioning Pins

Installation 
Plate

Installation 
Plate

Fig. 7  Installation Example

3. Features

3.1. Gripping Force Control
To adjust the gripping force of pneumatic grippers, it is 

necessary to use a regulator (pressure-reducing valve) while 
 ne-tune adjustment 

no easy task. In addition, because there can be a loss of air 
pressure due to the length and inner diameter of the tubing 
that runs from the air compressor to the regulator as well 
as due to the ambient temperature, it is necessary to make 
readjustments when these conditions change.

The EH Series allows the user to grip a load using “push-
motion operation”, which continuously applies pressure to 

 ne-tune adjust the gripping force 
by making adjustments to the maximum value of the motor 
current in 1% increments.

In addition, using a rack and pinion together with and a 
gripping mechanism with a low capacity loss allows the 
grippers to operate with stable gripping power, regardless of 
the operating ambient temperature. Furthermore, because 
the driver uses a constant current drive mode, the gripping 
force that is generated is not affected by the length of the 
connection cable. Fig. 8 shows the measurement method of 

 gure 9 shows the measurement results 
when the operating ambient temperature and the length 
of the connection cable change. This shows that even for 
slight gripping force such as approximately 6 N (running 
current value is 20%), the EH4-AZAKH is not effected 
by the operating ambient temperature or the length of the 
connection cable.

Load Cell

Gripping Force

Fig. 8  How to Measure Gripping Force

Running Current Value: 20%
Connection Cable Length: 20 m
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3.2. Speed Control

The pneumatic grippers use a speed controller (speed 

control valve) to change the amount of air and to adjust the 

opening and closing speed of the fi nger, but because the 

air shrinks and expands according to changes in pressure 

and temperature, speed stability is poor and it is diffi cult to 

make speed adjustments.

However, because the EH Series is motor driven, speed 

stability is good; and because the fi nger’ opening/closing 

speed, acceleration, and traveling amount can all be set 

easily using data, it is also possible to calculate the takt 

time. Fig. 10 is a comparison of the values for speed setting 

and measurement when the fi nger’s opening/closing speed 

is changed. The fi gure illustrates that operation in line with 

the settings is possible.
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Fig. 10  Operating Speed

3.3. Reduction of Takt Time by Using Electric Grippers

Changing the air pressure and fl ow rate adjusts the 

gripping force and speed of pneumatic grippers, but it is 

diffi cult to adjust these independently because the two 

functions affect each other mutually. While the grippers 

are operating, it is not easy to change the air fl ow rate 

and speed. In addition, when switching the air fl ow supply 

from the regulator to the grippers by opening and closing 

an electromagnetic valve, a delay of between 10 ms and 

several tens of milliseconds occurs from the time the 

electromagnetic valve is turned on to the time the fi nger 

starts to move. Therefore, the opening and closing speed 

of the fi nger is fast, but the time it takes for the grippers 

to completely grip a load becomes longer. Fig. 11 shows 

the takt time measured for pneumatic grippers that have a 

maximum gripping force equivalent to the EH4-AZAKH.
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Fig. 11  Takt Time of Pneumatic Grippers (Pressure of 0.1 MPa)

The EH Series can independently control gripping force, 

speed, and positioning. It is possible to use a combination 

of high-speed approach positioning operation, which 

positions the fi nger to the target position, and push-motion 

operation, which grips loads at low speeds (See Fig. 12). 

This makes operation with a short takt time possible.

1) Approaches the 
Load at High Speed

2) Deceleration Immediately
Before Coming in Contact 

with Load

3) Grips Load
with Set Force

Fig. 12  Example of Gripping Operation

In addition, the delay from the time the START signal 

that executes the operation is input until the device starts 

to move is very small, and a shorter takt time than that for 

pneumatic grippers can be achieved. Fig. 13 shows the 

measurement result of the takt time for EH4-AZAKH.
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Fig. 13  Takt Time of EH4-AZAKH
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Employing slow speed operation immediately before 
gripping a load allows the EH Series to control the amount 
of shock applied to the load. Fig. 14 shows a comparison 
with pneumatic grippers of the change in gripping force 
the moment the grippers come in contact with a load. 
The moment when gripping starts, the amount of gripping 
overshoot and undershoot is suppressed and less than the 
pneumatic grippers, indicating that the shock applied to the 
load is small.
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Fig. 14  Comparison of Gripping Force During Push-Motion 
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3.4. Outputting Gripper Position Information
Pneumatic grippers do not have a built-in sensor, so an 

external switch is required to check the start of operation 
and the completion of gripping. The EH Series does 
not require an external switch because the positioning 
information can be checked from the motor’s Absolute 
Sensor. To allow the system to determine that a load has 
been gripped, the TLC output signal (which is output when 
gripping force reaches the set value) is output; to allow the 
system to detect a load and its size, the AREA output signal 

 ed in 
the settings) is output (See Fig. 15).

1) OK (Within tolerance)

Detect Load Size Detect Load

2) NG (Outside tolerance) 3) NG (No load)

Fig. 15  Detecting Loads

4. How to Use the Device

This section will explain how to execute “load dimensions 
measurement” using the functions and characteristics of 
the EH Series, and how to generate “minute gripping force”. 
The conditions under which this feature can be used are 
limited, but it can be used to reduce the labor for checking 
dimensions and for such things as gripping low rigidity 
loads that deform easily.

4.1. Measuring the Dimensions of a Gripped Load
Using the positioning information of the Absolute 

Sensor, the EH Series can simultaneously grip a load and 
measure its dimensions. Fig. 16 shows an example of how 
the dimensions of a load are measured. First, the gripper 
executes gripping with no load present, and the home 

 gured based on the input of the CLR signal 
(which stops operation at the current detection position) 
and the P-PRESET signal (which sets the current position to 
 0). Next, the grippers actually grip the load. When 
this occurs, the dimensions of the load are detected based 
on the positioning output from the driver (Formula [1]).

 

L = 2 · x · ΔL  (1)

  L : Calculation of Load Dimensions [mm]

  x: Detection Position [step]

∆L :   Min. Traveling Amount (Traveling amount per 
pulse) [mm]

1) Home Setting 2) Detection of Load Dimensions

Load

Gripping Point 
Distance

Fig. 16  How Load Dimensions Are Measured

When determining whether a load whose dimensions 
 cantly from the settings is acceptable or not, the 

user can use the home setting without using a master load. 
However, because a measurement error may occur (See 
Fig. 17) due to either the attachment or the load becoming 
deformed as a result of the impact of the gripping force, it 
may be necessary to make improvements.
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[Measurement Conditions]

Running Current Value: 75% Pushing Speed (One side): 10 mm/s

Min. Traveling Amount (One side): 0.01 mm

Gripping Point Distance: 20 mm

Attachment: Width= 33 mm, Thickness = 4.7 mm, Iron

Fig. 17  Measurement Error (EH4-AZAKH)

The following measures are effective at reducing 

measurement error.

a)   Confi gure the home setting using a master load with 

dimensions similar to the load

b)   Adjust the gripping force to match the rigidity of the 

load

c) Increase the durability of the attachment

d) Shorten the gripping point distance

Measure a) improves the measurement accuracy, and 

measures b), c), and d) reduce the impact of attachment 

deformity.

When using measure a) to confi gure the home setting, the 

value calculated from Formula (1) is the difference in size 

between the master load and the actual load.

Fig. 18 shows the measurement error when the thickness 

of the attachment and the gripping point distance are 

changed. The thicker the attachment and the shorter the 

gripping point distance, more rigid will the attachment be, 

and smaller will the measurement error be.
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Fig. 18  Effects of Attachment Thickness and Gripping Point 
Distance

4.2. How a Load is Gripped Using Positioning Operation
Thus far, this document has explained push-motion 

operation that is possible with a constant force regardless 

of any variation in the dimensions of the load; however, 

what follows will explain positioning operation using the 

angle-torque characteristics of a stepper motor as a way of 

gripping more fragile loads.

The stator and rotor of the stepper motor are each 

equipped with small teeth (See Fig. 19). When the coil on 

the main pole of the stator is excited, the small teeth on that 

main pole and the small teeth on the rotor attract each other 

and stop so that they are opposite each other. When torque 

is applied to the shaft of a standstill motor, it allows the 

shaft to rotate slightly. When this occurs, the relationship 

shown between the applied torque and the rotation angle 

of the shaft is called the angle-torque characteristics (  –

T characteristics)(1) (See Fig. 20). The gripping force due 

to the angle-torque characteristics of the stepper motor 

change according to the closing width of the fi nger. When 

using a positioning operation to grip a load using minute 

force, torques (1) to (3) shown in Fig. 20 are used.

Stator

Rotor

Fig. 19  Cross Section of the Stepper Motor

Stable Point Unstable Point

Stator

Rotor

Stator

Rotor

Rotation Angle

Fig. 20  Angle-Torque Characteristics (  –T Characteristics)
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For the EH Series, gripping force is generated by using 

positioning operation to close the attachment slightly tighter 

than the dimensions of the load.

The gripping force due to the positioning operation is 

determined by the running current value and the closing 

width of the fi nger after it contacts the load. If the variation 

of the load dimensions is small, it is possible to apply a 

minute gripping force of less than 6 N, which is diffi cult to 

achieve using push-motion operation. However, because 

the variation of the load dimensions impacts the rotation 

angle, this method can be used only if the variation in 

dimensions is small (See Fig. 21).
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Fig. 21  Effect of Inconsistent Load Dimensions on Gripping Force 
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5. Summary

By controlling the gripping force and speed using data 

settings, the EH Series suppresses the shock applied to the 

load while making operation with a short takt time possible. 

In addition, using the functions and characteristics of the 

AZ motor makes it possible to measure the dimensions of 

the load and to grip the load using minute force.

We believe that the characteristics and functions of the 

EH Series that is introduced in this document can contribute 

to resolving the issues that our customers experience. 

Going forward, we plan to add products to our lineup that 

are smaller, more lightweight, and that meet the demand for 

minute gripping force.
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