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CONTROL SYSTEM FOR CONTROLLING MOTOR-DRIVEN 

INJECTION MOLDING MACHINE WITH IMPROVED RESPONSE 

Background of the Invention: 

The present invention relates to a control system 

for controlling a motor-driven injection molding machine 

having an injection unit that is driven by a servo-motor. 

Motor-driven injection molding machines have an 

injection unit that is driven by a servo-motor. The 

injection unit comprises a ball screw, a nut, and a 

pressure plate. The ball screw rotates in response to 

rotation of the servo-motor. The nut is moved forward 

and backward depending on the rotation of the ball screw 

either in the normal or the reverse direction. The 

pressure plate moves forward and backward in cooperation 

with the nut. A screw provided within an injection 

qylinder moves forward and backward in response to the 

forward and backward movement, respectively, of the 

pressure plate. 

As described more in detail below, the servo­

motor is controlled by a speed feedback control loop. 

The speed feedback control loop comprises an amplifier, 

a motor drive, a rotation speed sensor, and a subtracter. 

The amplifier receives a-speed command value ·and 

amplifies it to produce an output torque command value 
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for the servo-motor. The motor drive drives the servo-

motor according to the output of the amplifier. The 

rotation speed sensor senses a rotation speed of the 

servo-motor as a sensed speed value. The subtracter is 

provided on the side of an input of the amplifier and 

subtracts the sensed speed value obtained by the rotation 

speed sensor from the speed command value to produce a 

subtraction result to the speed amplifier. 

The output of the amplifier that is supplied to 

the motor drive is a torque command value used to follow 

the speed command value. In such a case, a torque for 

acceleration or deceleration is required to accelerate or 

decelerate the servo-motor. The torque command value is 

produced by the amplifier, so that it is necessary to 

provide a difference between the speed command value and 

the sensed speed vaiue, i.e., a speed deviation, to the 

amplifier. This means that the speed deviation is 

present when the servo-motor requires a torque. Thus the 

speed deviation can be used as an index for response of 

the speed feedback control loop. 

A smaller speed deviation is preferable for 

better response. In principle, the speed deviation can 

substantially be zero if the amplifier has an infinite 

gain. However, it is impossible in practice. To cope 

with this, the gain of the amplifier may be increased to 

eliminate a response delay due to the speed deviation. 

However, a too much larger gain results in instability of 

the control, which adversely affects the quality of 

..... 
·;~ 
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resultant molded products. 

Summary of the Invention: 

Accordingly, ~n object of the present invention 

is to provide a control system for controlling a motor­

dri ven injection molding machine that is stable and is 

capable of providing high response. 

A control system for controlling a motor-driven 

injection molding machine according to the present. 

invention comprises an injection unit that is driven by a 

servo-motor and a speed feedback control loop for 

cont.rolling the servo-motor. The speed feedback control 

loop comprises a rot.at.ion speed sensor for sensing the 

rotation speed of the servo-mot.or as a sensed speed 

value, an amplifier for use in producing a command signal 

indicative of a torque command value for the servo-motor 

depending on a difference between the sensed speed value 

and a speed command value, and a motor drive for use in 

controlling the servo-motor depending on t.he torque 

command value. 

According to an aspect of the present. invent.ion, 

the control system further comprises a pressure sensor 

that is provided in a driving system for a screw arranged 

in an inject.ion cylinder to sense a pressure of resin and 

produces a sensed pressure signal indicative of a sensed 

pressure; a correct.ion amplifier that is connected to the 

pressure sensor and amplifies the sensed pressure signal 

to produce an amplified signal as a correct.ion value for 

the torque command value; and an adder that is connected 
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to the amplifier and the correction amplifier and adds 

the torque command value t.o the correct.ion value t.o 

supply a result of the addition to the motor-driver. 

According to another aspect of the present 

invent.ion, the control system further comprises a 

diff erent.iator for differentiating the speed command 

value to calculate an acceleration and muitiplying the 

calculated acceleration by a predetermined coefficient. to 

produce a result of the multiplication as a correction 

value for the. torque command value; and an adder that. is 

connected t.o the amplifier and the differentiator for 

adding a result of the multiplication to the torque 

command value produced by the amplifier t.o supply a 

result of the addition to the motor-driver. 

Brief Description of the Drawings: 

Fig. 1 is a view illustrating a schematic 

structure o·f an inject.ion unit of a motor-driven 

injection molding machine; 

Fig. 2 is a block diagram illustrating a 

structure of a conventional speed feedback control loop; 

Fig. 3 shows, as a function of time, character­

istic curves of a speed command value and a sensed speed 

value in the speed feedback control loop in Fig. 2; 

Fig. 4 is a characteristic curve of a pressure 

sensed by a load cell shown in Fig. 1, in which the 

characteristic curve is illustrated on the same basis of 

time as in Fig. 3; 
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Fig. 5 is a block diagram illustrating a 

structure of a speed feedback control loop according to a 

first embodiment of the present invention; 

Fig. 6 shows, as a function of time, character­

istic curves of a speed command value and a sensed speed 

value in the speed feedback control loop in Fig. 5; 

Fig. 7 is a characteristic curve of a pressure 

sensed by a load cell shown in Fig. 1, in which the 

characteristic curve is illustrated on the same basis of 

time as in Fig. 6; 

Fig. 8 is a block diagram illustrating a 

structure of a speed feedback control loop according to a 

second embodiment of the present invention; and 

Fig. 9 shows, as a function of time, character­

istic curves of a speed command value and a sensed speed 

value in the speed feedback control loop in Fig. 8. 

Description of the Preferred Embodiments: 

Referring to Fig. 1, an injection unit of a motor­

driven injection molding machine to which the present 

invention is applied is described for the purpose of 

facilitating the understanding of the present invention. 

In Fig. 1, rotation of a servo-motor 10 is transmitted to 

a ball screw 11. A nut 12 moves forward or backward in 

response to the rotation of the ball screw 11. The nut 

12 is securely fixed to a pressure plate 13. The. 

pressure plate 13 is mounted on guide bars 14a and'· 14b 

such that t~e pressure plate 13 is movable along the 

guide bars 14a and 14b. The guide bars 14a and 14b are 

·~ 
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securely fixed to a frame (not shown) of the injection 

molding machine. The forward or the backward movement of 

the pressure plate 13 is transmitted to a screw 16 

through a rotation shaft 15. The screw 16 is placed 

within an injection cylinder 17. The rotation shaft 15 

is rotation driven by a rotation driving mechanism that 

is not shown. Thus, a bearing 18 is provided between one 

end of the rotation shaft 15 and the pressure plate 13. 

A load cell 19 is provided adjacent to the bearing 18. 

The load cell 19 is for use in sensing a reactive force 

that acts on the screw 16 from a pressurized resin during 

molding of the resin. 

Molding of resins typically involves in a 

plurality of processes, i.e., dispensing of resin, 

filling, ·dwelling, and cooling. In the dispensing 

process, molten resin is loaded in the injection cylinder 

17. In the filling process, the molten resin is filled 

within a mold by means of moving the screw 16 forward in 

the injection cylinder 17. In the dwelling process, a 

pressure is applied to the molten resin filled in the 

mold to achieve molding. At this point, the pressure 

that is applied to the molten resin via the screw 16 is 

sensed as the reactive force by the load cell 19. The 

pressure sensed by the load cell 19 is amplified by a 

load cell amplifier 20 and is given to a controller 21. 

The pressure plate 13 is provided with a position 

sensor 22 for sensing a travel distance of the screw 16. 

The position sensor 22 produces a position sensor signal. 
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The position sensor signal is amplified by an amplifier 

23 and is supplied to the controller 21. The controller 

21 supplies to a speed feedback control loop 24 a torque 

command value for the above mentioned individual 

processes in accordance with settings made by an 

operator. The speed feedback control loop 24 controls a 

drive current for the servo-motor 10 based on the torque 

command value to control an output torque of the servo­

motor 10. 

Referring also to Fig. 2, a conventional speed 

feedback control loop is described. The speed feedback 

control loop 24 comprises an amplifier 24-1, a motor 

drive 24-2, a rotation speed sensor 24-3, and a 

subtracter 24-4. The amplifier 24-1 has various 

functions including a PID compensation. The amplifier 

24-1 amplifies a speed command signal that is indicative 

of a speed command value Vr to produce the torque command 

value for the servo-motor 10. The speed command signal 

is supplied from a main control unit (not shown) for the 

motor-driven injection molding machine. The motor drive 

24-2 drives the servo-motor 10 based on the torque 

command value supplied from the amplifier 24-1. The 

rotation speed sensor 24-3 ·senses a rotation speed of the 

servo-motor 10 to produce a rotation speed sensor signal 

that is indicative of a sensed speed value Vf.. The 

subtracter 24-4 is provided on the side of an input of 

the amplifier 24-1 and subtracts the sensed speed value 

Vf from the speed command value Vr. The s~~tracter 24-4 

·.·. 
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produces a result of the subtraction to the amplifier 

24-1. The injection molding machine is generally 

depicted by a reference numeral 30 in Fig. 2. To sense 

the rotation speed of the servo-motor 10 may be achieved 

by a well-known rotation speed observer rather than the 

rotation speed sensor 24-3. This is because the rotation 

speed of the servo-motor can be determined from values of 

the current and voltage applied to the servo-motor 10. 

The speed feedback control loop as shown in Fig. 

2 may generate a disturbance load during a time interval 

Tl shown in Fig. 3 due to the nature and properties of 

the resin to be molded. When generated, the disturbance 

load is reflected to the sensed speed value Vf of the 

rotation speed sensor 24-3. As a result, a speed 

deviation is produced between the speed command value Vr 

and the sensed speed value Vf in the subtracter 24-4. 

For your reference, Fig. 4 shows a change in a pressure 

Pf that is sensed by the load cell 19. 

It is needless to say that a smaller speed 

deviation is more preferable. A loop gain of the speed 

feedback control loop, i.e., a gain of the amplifier 

24-1 may be increased in order to decrease the speed 

deviation. However, a larger gain results in instability 

of the speed feedback control loop. 

The output of the amplifier 24-1 that is supplied 

to the motor drive 24-2 is a torque command value used to 

follow the speed command value vr. In such a case, a 

torque for acceleration or deceleration is required to 
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accelerate or decelerate-the servo-motor 10 during an 

acceleration time interval T2 or a deceleration time 

intervalT3, respectively, shown in Fig. 3. The torque 

command value is produced by the amplifier 24-1, so that 

it is necessary to provide a difference between the speed 

command value Vr and the sensed speed value Vf, i.e., a 

speed deviation, .to the amplifier 24-1. This means that 

the speed deviation is present when the servo-motor 10 

requires a torque. Thus the speed deviation can be used 

as an index for response of the speed feedback control 

loop. 

A smaller speed deviation is preferable for a 

better response. In principle, the speed deviation can 

substantially be zero if the amplifier 24-1 has an 

infinite gain. However, it is impossible in practice. 

To cope with this, the gain of the amplifier 24-1 may be 

increased to eliminate a response delay due to the speed 

deviation. However, .a too much larger gain results in 

instability of the control, which adversely affects the 

quality of resultant molded products. 

Referring to Fig. 5, a first embodiment of the 

present invention is described. The first embodiment is 

applied to the injection unit that is illustrated in Fig. 

1. Similar components and parts in Fig. 5 are indicated 

by the same reference numerals as in Fig. 2. In this 

first embodiment, a pressure sensor 31 that is realized 

by the load cell is provided in a driving system of the 

screw 16 (Fig. 1) of the injection molding machine 30. 
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For example, the pressure sensor 31 may be provided in a 

portion between the pressure plate 13 and the screw 16 

that is used to transmit the driving force. The pressure 

sensor 31 senses an injection pressure that is generated 

when the molten resin is filled in the mold and is 

pressurized by means of the screw 16. A correction 

amplifier 32 amplifies a pressure sensor signal produced 

by the pressure sensor 31. The amplified pressure sensor 

signal is supplied to an adder 33 that is provided 

between the amplifier 24-1 and the motor drive 24-2. The 

adder 33 adds the output of the amplifier 24-1 and the 

output of the correction amplifier 32 to supply a result 

of the addition to the motor drive 24-2. 

Thus, the motor drive 24-2 is provided with the 

torque command value for the servo-motor 10, i.e., the 

output of the amplifier 24-1, that is added to the output 

of the correction amplifier 32. This means that the 

pressure value sensed by the pressure sensor 31 is used 

to correct the torque command value that is supplied to 

the motor drive 24-2. Such correction of the torque 

command value allows a stable, high response without any 

deviation between the speed command value Vr and the 

sensed speed value Vf, as apparent from Fig. 6. This 

stable and high response can be realized even when the 

disturbance load is generated due to the nature and 

properties of the resin to be mold during the time 

interval Tll in Fig. 6. For your reference, Fig. 7 shows 

the pressure sensed by the pressure sensor 31, in which 
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the pressure is converted into a thrust force obtained by 

the ball screw 11. 

The load cell 19 described in conjunction with 

Fig. 1 may be substituted for the pressure sensor 31. It 

is preferable that the correction amplifier 32 amplifies 

the pressure sensor signal supplied from the pressure 

sensor 31 with different gains for the forward and the 

backward movements of the screw 16. More specifically, 

the gain of the correction amplifier 32 would be a first 

gain Gl when the screw 16 moves forward, i.e., when the 

injection pressure is increased. On the other hand, the 

gain of the correction amplifier 32 would be a second 

gain G2 (where Gl >G2) when the screw 16 moves backward, 

i.e., when the injection pressure is decreased. The 

first and the second gains Gl and G2 are determined 

depending on transmission efficiency of a driving force 

transmission mechanism in the injection unit. 

Referring to Fig. 8, a second embodiment of the 

present invention is described. The second embodiment is 

characterized in that a differentiator 40 and an 

acceleration limiter 41 are provided in the speed 

feedback control loop that is described in conjunction 

with Fig. 2. More specifically, the differentiator 40 

detects a change in the speed command value Vr. The 

differentiator 40 multiplies the detected value by a 

predetermined coefficient K to produce a result of the 

multiplication. The multiplication result is supplied to 

an adder 42 through the acceleration limiter 41. The 

·-~ 
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adder 42 adds the multiplication result to the output of 

the amplifier 24-1 to supply a result of the addition to 

the motor-driver 24-2. The acceleration limiter 41 is 

described more in detail below. 

In the injection molding machine, a moment of 

inertia does not vary that is to be driven by the servo­

motor 10 of the injection unit. Therefore, the 

acceleration torque and the deceleration torque that are 

required for the servo-motor 10 have a constant value 

relative to the change in the speed command value Vr, 

i.e., the acceleration. Thus, it is possible to 

previously calculate the acceleration torque and the 

deceleration torque that are necessary with respect to 

the speed command value Vr. This calculation can be made 

by means of taking the advantage of the feature that 

moment of inertia to be driven by the servo-motor 10 of 

the injection unit does not vary. A torque command value 

Tr can be obtained by the following. The coefficient K 

is previously calculated, that is an inertia of the 

injection molding machine. The change ~n the speed 

command value Vr is then calculated as a di_fferen'l;.iation. 

value and the differentiation value is. m_ultiplied by the·.· 

coefficient K by the differentiator 40. The calculated 

torque command value Tr is added to the command val~e to 

the motor· drive 24-2 by the adder 42. A result of the 

addition is supplied to the motor drive 24-2. This 

eliminates the necessity for the speed deviation and, as 

shown in Fig. 9, the speed feedback control loop can be 

. •: . ··~-~ 
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obtained without any response delay. 

Next, functions of the acceleration limiter 41 

are described. In the motor-driven injection molding 

machine, the speed feedback control loop as shown in Fig. 

8 may be used not only for the speed control but also 

various other controls including a minor loop for an 

injection pressure control system or a position control 

system for the screw 16. The range of the acceleration 

in which the motor-driven injection molding machine can 

respond is previously known from the inertia and the 

maximum torque that the servo-motor 10 can generate. It 

is possible to obtain the speed feedback control loop 

that can follow the speed command value Vr within a 

certain specific range of the change rate (or a certain 

specific range of acceleration). This is achieved by 

means of limiting the torque command value Tr with the 

upper and the lower limit values of the acceleration 

range used as a limit value. 
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WHAT IS CLAIMED IS: 

1. A control system for controlling a motor­

driven injection molding machine comprising an injection 

unit that is driven by a servo-motor and a speed feedback 

control loop for controlling the servo-motor, said speed 

feedback control loop comprising a rotation speed sensor 

~or sensing a rotation speed of the servo-motor as a 

sensed speed value, an amplifier for use in producing a 

command signal indicative of a torque command value for 

the servo-motor depending on a difference between the 

sensed speed value obtained by said rotation speed sensor 

and a speed command value, and a motor drive for use in 

controlling the servo-motor depending on the torque 

command value, said control system further comprising: 

a pressure sensor that is provided in a driving 

system for a screw arranged in an injection cylinder to 

sense a pressure of resin and produces a sensed pressure 

signal indicative of a sensed pressure; 

a correction amplifier that is connected to said 

pressure sensor and amplifies the sensed·pressure signal 

to produce an amplified signal as a correction value for 

the torque command value; and 

adding means that is connected to said amplifier 

and said correction amplifier and adds the torque command 

value to the correction value for the torque comman~. 

value to supply a result of the addition to said motor­

driver. 
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2. A control system for controlling a motor~ 

driven injection molding machine as claimed in claim 1, 

wherein said correction amplifier amplifies the sensed 

pressure signal with a first gain Gl when the screw moves 

forward and amplifies the sensed pressure signal with a 

second gain G2 when the screw moves backward, the second 

gain G2 being smaller than the first gain Gl. 

3. A control system for controlling a motor-

driven injection molding machine comprising an injection 

unit that is driven by a servo-motor and a speed feedback 

control loop for controlling the servo-motor, said speed 

feedback control loop comprising a rotation speed sensor 

for sensing a rotation speed of the servo-motor as a 

sensed speed value, an amplifier for use in producing a 

command signal indicative of a torque command value for 

the servo-motor depending on a difference between the 

sensed speed value and a speed command value, and a motor 

drive for use in controlling the servo-motor depending on 

the torque command value; said control system further 

comprising: 

a differentiator for differentiating the speed 

command value to calculate an acceleration and multiply-

ing the calculated acceleration by a predetermined 

coefficient to produce a result of the multiplication as 

a correction value for the torque command value; and 

an adder that is connected to said amplifier and 

said differentiator for adding a result of the multiplica-

lion to the. torque command value produced by said 
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amplifier to supply a result of the addition to the motor-

driver. 

4. A control system for controlling a motor-

driven injection molding machine as claimed in claim 3, 

further comprising an acceleration limiter that is 

connected between said differentiator and said adder, 

said limiter allowing only a signal within a predeter­

mined range of acceleration to pass through said limiter. 

S. A control system for controlling a motor-

driven injection molding machine as claimed in claim 3 or 

4, wherein the predetermined coefficient and the 

predetermined range of acceleration are determined for 

the case where a moment of inertia of the servo-motor 

becomes minimum. 


