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(57) ABSTRACT 

Acutoff saW assembly incorporates a robot assembly With a 
compliant cutting apparatus to remove various undesired 
metal extensions from a casting. The assembly coopera 
tively and conjunctively controls the position of the casting 
using the robot assembly and the force exerted by the cutting 
apparatus on the casting using a compliance control system. 
The compliance control system includes a compliance actua 
tor that is connected to a compliance regulator. Both the 
robot assembly and the compliance control system are 
connected to a system controller. The compliance actuator is 
connected to the cutoff blade to actively vary the force of the 
cutting blade With respect to the casting. The compliance 
regulator, Which is connected to the system controller, Will 
measure and regulate the pressure in the compliance actua 
tor, such that the robot assembly and compliance control 
system can apply the required force to cut the casting. 
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COMPLIANT CUTOFF SAW ASSEMBLY 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to the ?eld 
of metal casting. More particularly the present invention 
relates to the cutoff of excess material on metal castings after 
it has been removed from the mold. In even greater particu 
larity the present invention relates to the removal of riser or 
gate remnants after a cast part has been removed from the 
mold and to a process for perfecting the cutoff operation by 
conjunctively using a robot and a compliant cutoff saW. 

BACKGROUND OF THE INVENTION 

[0002] In the casting arts, molten metal is poured into a 
mold through an opening in the top of the mold With a 
certain excess metal ?lling the channel to the mold cavity. 
When multiple parts are cast in the same casting vessel, the 
mold Will include channels in the form of a sprue to each 
cavity for each part, Which Will create undesired dross on the 
outer surface of the casting once the molten metal has 
hardened into the casting. The excess metal, such as those 
referred to as risers or gates, is frequently required to be 
removed by a cutoff or grinding operation in order for the 
casting to perform the purpose intended. 

[0003] There are several common practices used by found 
ries to remove the risers or gates from the castings. These 
practices include, but are not limited to, removal of the riser 
by means of a gas torch, a grinder, a conventional cutting 
blade or saW, or some similar machine for forcefully remov 
ing the dross. Moreover, after the gates or risers have been 
removed from the casting through any of these methods, the 
operator commonly has to further grind or ?nish the casting 
due to an uneven cut caused by the respective trimming 
method. 

[0004] The most common practice of cutoff operation is 
conventionally done either by an operator controlling a 
machine having a cutoff blade or automatically by means of 
a robotic device having a cutting blade. In the ?rst example, 
the operator controls the machine that applies a cutting force 
that may come from an external force, such as a hydraulic 
cylinder, or it may be generated manually by the operator 
physically controlling the cutting force With his oWn 
strength and Weight. In the second embodiment, the robot 
may be used to hold the casting to engage a ?xed cutoff saW, 
or to the contrary the robot may hold the cutoff saW While the 
casting is in a ?xed position. 

[0005] Robots have been used for years to control the 
movement of a casting through a cutoff blade. In addition, 
hydraulic, pneumatic or electric cutoff saWs have also been 
used in the common foundry to push the blade (or casting) 
through the casting (or blade). HoWever, these solutions 
incorporating the use of the robot experience inherent prob 
lems. For example, one inherent problem With the use of the 
robot to control the cutoff operation is that the cutting Wheel 
Will have a short abrasive life. In addition, this solution 
requires a long robot cycle time to cut the riser. Moreover, 
signi?cant heat is generated in the casting in such a method 
due to incorrect cutting force or pressure. Cutting forces that 
are loWer than that prescribed by the blade manufacturer can 
cause excessive heat in the blade and the material being cut. 
These high temperatures in the material can degrade the 
properties of the material, resulting in scrap or Wasted 
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castings. Finally, there is frequently an inconsistent cut in the 
casting due to de?ection and vibration in the robot, Which 
could lead to possible damage to both the robot and the 
cutoff saW due to inconsistent gates or risers. 

[0006] What is desired, then, and not found in the prior art, 
is a compliant cutoff saW assembly having a design that Will 
accurately and ef?ciently cut a casting supported by a 
constant force or pressure as chosen for the particular 
casting to maintain the integrity of the casting and the 
functionality of the assembly. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide an 
assembly for removing excess material from a casting. 

[0008] A further object of the present invention is to 
provide an assembly incorporating a compliant cutoff saW in 
conjunction With a robot to eliminate risers on castings. 

[0009] Another object of the present invention is to pro 
vide an assembly for cutting through a casting that provides 
a cooler temperature in the casting When being cut. 

[0010] Yet a further object of the present invention is to 
provide an assembly for cutting through a casting that 
provides a consistent cut. 

[0011] A further object of the present invention is to 
provide an assembly for cutting through a casting that has a 
long abrasive Wheel life for the cutting element. 

[0012] Another object of the present invention is to pro 
vide an assembly for cutting through a casting that Will 
reduce de?ection and vibration in the robot by maintaining 
a constant cutting force. 

[0013] In particular, the compliant cutoff saW assembly 
includes a robot assembly that is used With a cutting appa 
ratus to remove various undesired metal extensions from a 
casting. The compliant cutoff saW assembly has the ability to 
cooperatively and conjunctively control both the position of 
the casting as Well as the force exerted by the cutting 
apparatus on the casting. The combination of controls alloWs 
the compliant cutoff saW assembly to provide a clean and 
even incision on the casting, Which eliminates or at least 
reduces the amount of Work required to ?nish the casting 
after the undesired metal extensions have been removed. 

[0014] The robot assembly of the present invention 
includes a multi-positional robot arm that is connected to a 
system controller. A tooling clamp is connected to the free 
end of the robot arm, With the tooling clamp being used to 
engage and securely hold the casting to be cut. The robot 
arm is able to move in three dimensions, and can therefore 
position the casting in any dimension as desired by the 
operator. Consequently, the cutting apparatus saW Will be 
able to cut most any side, surface or portion of the casting 
as desired by the operator of the system. 

[0015] The cutting apparatus of the present invention 
includes a frame having a mounting assembly to Which a 
support beam is pivotally affixed. Adrive motor is preferably 
attached to the loWer end of the support beam, With a cutoff 
blade being rotatably attached to the upper end. The drive 
motor is mechanically connected to the cutoff blade to drive 
and control the rotation of the cutoff blade as desired by the 
operator pursuant to the casting being cut. 
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[0016] In addition, the cutting apparatus includes a com 
pliance control system that includes a compliance actuator 
that is connected to a compliance regulator. The compliance 
actuator is connected betWeen the upper end of the support 
beam and the frame, such that the compliance actuator Will 
be able to actively vary the force of the cutting blade With 
respect to the casting. The compliance regulator, Which is 
connected to the system controller, Will measure and regu 
late the pressure in the compliance actuator. Consequently, 
the system controller has the ability to adjust the setpoint of 
the compliance regulator and precisely control the move 
ment of the robot arm so that the casting Will be cut as 
desired by the operator. 

[0017] These and other objects and advantages of the 
invention Will become apparent from the folloWing detailed 
description of the preferred embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

[0018] A compliant cutoff saW assembly embodying the 
features of the present invention is depicted in the accom 
panying draWing Which form a portion of this disclosure and 
Wherein: 

[0019] FIG. 1 is a side elevational vieW of the present 
invention of a compliant cutoff saW assembly. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] Looking noW to FIG. 1, the present invention of a 
compliant cutoff saW assembly 10 is illustrated. The com 
pliant cutoff saW assembly 10 encompasses a robot assembly 
12 used in conjunction With a cutting apparatus 20 to remove 
undesired metal extensions from a casting 16. The compliant 
cutoff saW assembly 10 has the ability to cooperatively and 
contemporaneously control both the position of the casting 
16 as Well as the compliance force exerted by the cutting 
apparatus 20 on the casting 16 during the incision. The 
combination of these controls alloWs the compliant cutoff 
saW assembly 10 to provide a clean and even cut into the 
casting 16, Which reduces or eliminates the amount of Work 
required to ?nish the casting 16 once the metal extensions 
have been removed. 

[0021] Referring to FIG. 1, the ?rst component of the 
present invention is the robot assembly 12 Which includes a 
multi-positional robot arm 14 that is connected to a system 
controller 18. A tooling clamp 15 is connected to the 
unattached end of the robot arm 14, With the tooling clamp 
15 being used to engage and securely hold the casting 16 to 
be cut. The robot arm 14 is able to move in three dimensions, 
and can therefore position the casting 16 in any dimension 
as desired by the operator. Consequently, the compliant 
cutoff saW 20 Will be able to cut any side, surface or portion 
of the casting 16 as desired by the operator of the compliant 
cutoff saW assembly 10. 

[0022] The second component of the present invention is 
the cutting apparatus 20 Which preferably includes a frame 
22 that is sturdily positioned on a ground or ?oor surface. 
The frame 22 comprises a mounting assembly 24 that 
preferably includes a shaft and a pair of bearings, With a 
support beam 26 being pivotally affixed to the mounting 
assembly 24. The support beam 26 includes a loWer end 28a 
and an upper end 28b, With a drive motor 30 being attached 
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to the loWer end 28a and a cutoff blade 32, such as an 
abrasive blade, carbide blade, diamond-tipped blade or other 
cutting device, being rotatably attached to the upper end 28b 
in the preferred embodiment. The drive motor 30 is 
mechanically connected to the cutoff blade 32 to drive and 
control the rotation of the cutoff blade 32 as desired by the 
operator pursuant to the requirements of the casting 16 being 
cut. Moreover, the drive motor 30 is connected to a drive 
system 40, Which preferably includes a vector drive, such 
that the drive system 40 can control and vary the operation 
of the drive motor 30 and thus the speed of rotation of the 
cutoff blade 16. The drive system 40 is further connected to 
said system controller 18 via drive cable 42, such that the 
drive system 40 can receive communications from the 
system controller 18 directing operation of the drive motor 
30. 

[0023] Most importantly, the cutting apparatus 20 of the 
present invention includes a compliance control system 31 
that includes a compliance actuator 34 that is connected to 
a compliance regulator 36. In the preferred embodiment, the 
compliance actuator 34 is a pneumatic cylinder, although it 
is to be expected that any other actuator design, such as a 
hydraulic cylinder or electric actuator, could be incorporated 
and effectively used in the present invention. Additionally, 
the compliance regulator 36 is a conventional pressure 
regulator that is commonly knoWn in the art. The compli 
ance regulator 36 is able to measure and control the pressure 
in the compliance actuator 34 and verify that compliance 
actuator 34 has the desired pressure setpoint as determined 
by the system controller 18 for the casting 16 to be cut With 
the robot assembly 12. 

[0024] As stated above, the cutting compliance actuator 34 
is designed to support the cutting blade 32 With the force 
required depending on the physical characteristics of the 
casting 16. Such support can come in various Ways that are 
not discussed in detail herein. HoWever, in the preferred 
embodiment of the present invention, the compliance actua 
tor 34 is positioned betWeen the upper end 28b of the support 
beam 26 and the frame 22, such that the compliance actuator 
34 Will apply a given force to the upper end 28b of the 
support beam 26 to pivot the support beam 26 about the 
mounting assembly 24. The pivoting motion of the support 
beam 26 Will move the cutoff blade 32 toWard and aWay 
from the casting 16. The compliance force of the compliance 
actuator 34 is controlled by the compliance regulator 36. The 
compliance regulator 36 is thereby further connected to the 
system controller 18 via a standard connecting line 38 such 
that the system controller 18 is able to provide a setpoint to 
the compliance regulator 36. The system controller 18 can 
thereby send a signal to the compliance regulator 36 to alter 
the pressure applied by the compliance actuator 34 as 
necessary pursuant to various factors, such as the shape of 
the casting 16, the composition of the material used in the 
casting 16, and the product standards of the cutoff blade 32 
set forth by the blade manufacturer. 

[0025] The steps of operation of the preferred embodiment 
of the compliant cutoff saW assembly 10 are as folloWs. 
Initially, the system controller 18 is programmed according 
to the physical characteristics of the casting 16 to be 
processed, and Will direct the robot arm 14 to engage a 
neWly-formed casting 16 With the tooling clamp 15. The 
system controller 18 Will then reposition the robot arm 14 
and tooling clamp 15 according to the program such that the 
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casting 16 is proximate the cutting apparatus 20. More 
particularly, the casting 16 Will be positioned Within the 
range of the cutoff blade 32. As stated above, the movement 
of the cutoff blade 32 Will be in a general direction toWard 
the robot arm 14 and the casting 16. In particular, the 
compliant cutoff saW assembly 10 Will alloW the cutoff blade 
32 to move in the direction of the desired cut in the casting 
16. 

[0026] As discussed above, the system controller 18 is 
connected to the robot assembly 12, the compliance actuator 
34, and the drive system 40 of the cutting apparatus 20. 
Consequently, the system controller 18 is able to not only 
send a signal to the robot arm 14 and the compliance 
regulator 36, but it is also able to communicate With the 
drive system 40 corresponding to the desired speed of 
rotation of the cutoff blade 16. In particular, the system 
controller 18 is programmed to control the robot 12 and the 
cutting apparatus 20 pursuant to the requirements of the 
casting 16 being trimmed. The program for the system 
controller 18 also establishes the necessary cutoff speed of 
the cutoff blade 32 and the force for a particular casting 16 
to be cut, and in turn the system controller 18 sends a 
command to the compliance regulator 36 and/or the drive 
system 40 for cutoff saW speed control. 

[0027] The operation of the cutoff blade 32 of the present 
invention may be either at a variable speed With the use of 
the drive system 40 or at a ?xed speed. While speed control 
is not necessary in the present invention, it can improve the 
results of the trimming of the casting 16. For example, it is 
commonly known that the surface feet per minute (“SFPM”) 
of the cutoff blade 16 (revolutions per minute times the 
circumference of the cutting blade 16), decreases as the 
cutoff blade 16 gets smaller. As the SFPM decreases, the 
cutoff blade 16 is less efficient and Will cut less aggressively. 
This provides negative results, in that not all of the horse 
poWer of the motor 30 is used, heat is generated in the 
casting 16, and cut-off times of the compliant cutoff saW 
assembly 10 are longer. Consequently, keeping the SFPM at 
a constant reduces these associated problems that Waste time 
and castings. 
[0028] In addition, a Wheel measurement device (not illus 
trated) may be connected to the cutting apparatus 20 to 
monitor and adjust the speed of the cutoff blade 32 relative 
to the diameter of the cutoff blade 32. By monitoring the 
speed of the cutoff blade 32, the system controller 18 is able 
to maintain a constant surface speed of the cutoff blade 32. 

[0029] It should further be noted that While the preferred 
embodiment described above teaches the use of the robot 12 
holding the casting 16, additional embodiments may reverse 
the positioning of the casting 16 and the cutoff blade 32. 
That is, a further embodiment of the present invention may 
require that the casting 16 be held by the support beam 26 
or the frame 22, While the cutoff blade 32 rotatably mounted 
to the free end of the robot arm 14. Such a design Would 
nonetheless include a compliance control system 31 similar 
to the one described above so that the operator Would be able 
to trim the casting 16 as desired. 

[0030] Thus, although there have been described particu 
lar embodiments of the present invention of a neW and useful 
COMPLIANT CUTOFF SAW ASSEMBLY, it is not 
intended that such references be construed as limitations 
upon the scope of this invention except as set forth in the 
folloWing claims. 
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What is claimed is: 
1. A cutoff saW assembly for removing excess material 

from a casting, said assembly comprising: 

a robot arm to hold the casting; 

a system controller connected to said robot arm to control 
movement of said robot arm; and 

a cutoff apparatus connected to said system controller, 
said cutoff apparatus including a compliant cutoff saW; 

Wherein said system controller cooperatively positions 
said robot arm With the casting proximately With said 
cutoff saW and determines the compliance of said cutoff 
saW. 

2. The cutoff saW assembly as described in claim 1 
Wherein said cutoff apparatus further comprises a compli 
ance control system connected to said frame. 

3. The cutoff saW assembly as described in claim 2 
Wherein said compliance control system comprises an actua 
tor controlling the force of said cutoff saW, said actuator 
further controlling the compliance of cutoff saW When 
engaged by the casting. 

4. The cutoff saW assembly as described in claim 3 
Wherein said actuator is a hydraulic actuator. 

5. The cutoff saW assembly as described in claim 3 
Wherein said actuator is a pneumatic actuator. 

6. The cutoff saW assembly as described in claim 3 
Wherein said actuator is an electric actuator. 

7. The cutoff saW assembly as described in claim 3 
Wherein said compliance control system further comprises a 
compliance regulator connected betWeen said actuator and 
said system controller to control the operation of the actua 
tor. 

8. The cutoff saW assembly as described in claim 2 
Wherein said cutoff apparatus comprises: 

a frame having a mounting assembly; 

a support beam pivotally af?xed to said mounting assem 
bly, said support beam having a proximal end and a 
distal end; 

a cutoff blade rotatably connected to said distal end; and 

drive means for driving the rotation said cutoff blade, said 
drive means connected to said proximal end of said 
support beam. 

9. The cutoff saW assembly as described in claim 8 
Wherein the drive means comprises a drive motor connected 
said proximal end of said support beam. 

10. Amethod for removing excess material from a casting 
comprising the steps of: 

a) engaging the casting With a robot arm; 

b) transporting the casting to a position proximate a cutoff 
blade; 

c) controlling the force of said cutoff blade With a com 
pliance control system; and 

d) urging the casting into said cutoff blade With said robot 
arm. 

11. The method for removing excess material from the 
casting as described in claim 10, Wherein prior to step a) 
including the step of: 
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programming a system controller to cooperatively man 
age said robot arm and said compliance system for 
removing the eXcess material from the casting. 

12. The method as described in claim 10 Wherein step c) 
further comprises the steps of: 

positioning an actuator betWeen said cutoff blade and a 

frame; 
connecting said actuator to a compliance regulator; 

connecting said compliance regulator to a system con 
troller; and 

controlling the pressure in said actuator With said com 
pliance regulator. 

13. A compliance cutoff saW assembly for removing 
eXcess material from a casting comprising: 

a robot to engage the casting; 

a frame positioned opposite said robot; 

a blade attached to said frame; and 

compliance means mounted betWeen said blade and said 
frame for supporting said blade With an adjustable 
force; 

Wherein said robot transports the casting into said blade to 
remove the eXcess material. 

14. The compliance cutoff saW assembly as described in 
claim 13 further comprising a system controller connected to 
said compliance means and connected to said robot; said 
system controller regulating the concurrent operation of said 
robot and said compliance means. 

15. The compliance cutoff saW assembly as described in 
claim 14 Wherein said compliance means comprises: 

a compliance actuator; and 
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a compliance regulator connected betWeen said compli 
ance actuator and said system controller; 

Wherein said compliance regulator controls the force 
eXerted by said compliance actuator according to said 
system controller. 

16. The compliance cutoff saW assembly as described in 
claim 15 Wherein said compliance actuator is a pneumatic 
actuator. 

17. The compliance cutoff saW assembly as described in 
claim 16 Wherein said compliance actuator is a hydraulic 
actuator. 

18. The compliance cutoff saW assembly as described in 
claim 15 Wherein said frame includes: 

a mounting assembly having a shaft and a pair of bear 
ings; and 

a support beam pivotally mounted to said mounting 
assembly, said support beam having a distal end and a 
proXimal end; 

Wherein said blade is connected to said distal end of said 
support beam. 

19. The compliance cutoff saW assembly as described in 
claim 18 Wherein said blade is rotatably mounted to said 
distal end of said support beam, and Wherein said assembly 
further comprises drive means for rotating said blade. 

20. The compliance cutoff saW assembly as described in 
claim 13 Wherein said robot comprises: 

a multi-positional robot arm; and 

a tooling clamp attached to said robotic arm to engage the 
casting. 


