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Abstract The use of CNC machines has been increasingly

intensive in industry. Sophisticated characteristics and

resources have been implemented into these machines in

order to achieve higher production rates and better dimen-

sional quality. One of these resources is the laser tool-setter,

used to automatically measure the main dimensions (diam-

eter and length) of the tools used in the machining process by

means of the interruption of a laser beam located in a pre-

determined position. However, the feed rate and the spindle

speed used during referencing of the tool-setter (when the

tool approaches the laser beam position) can influence the

results of the measurements of a tool-setter due to the pro-

cessing delay of the information by the CNC machine con-

trols. This paper discusses these influences and identifies the

most adequate values for the feed rate and the spindle speed

to reach an optimized measurement of the tools. For that

purpose, two experimental procedures were conducted to

obtain the values of tool diameter and length under diverse

feed rate and spindle speed settings (a nominal

Ø16 mm 9 15 mm length referencing pin mounted into the

tool holder was used). Statistical analyses were performed to

identify the most adequate conditions based on the results of

the experiments. These analyses indicated that the minimum

tool measurement variations occurred when the spindle

speed remained idle and the feed rate was kept at values

typically around 0.25–9.5 mm/min.

Keywords Tool-setting � Presetting � CNC machining �
CNC setup

1 Introduction

The tendency to produce customized parts at decreasing lot

sizes has increased the importance of having flexible

manufacturing systems instead of dedicated equipment [1].

Besides, the machining equipment in general has been

through continuous and fast improvements demanded by

stringent new part requirements in terms of complexity and

quality. This has been the governing rule in the metal-

mechanic industry [2, 3]. Raksiri and Parnichkun [4] state

that the most important factors to meet those requirements

are the precision and accuracy of the tool machines.

In line with those principles, the CNC machines have

acquired sophisticated characteristics necessary to face

those evolving challenges: Makhanov [5] identified five

axis CNC machines becoming very common in the

industry due to their capacity to machine very complex part

shapes using a wide range of materials: wood, rubber,

metal, plastics etc.; Özel [6] proposed to machine straight

teeth gears in CNC machining centers as a way to explore

the full potential of this kind of equipment; tool breakage

detection in CNC machines based on the electrical current

consumed by the main motor or by the vibration signals

have also been proposed in Sevilla-Camacho et al. [7] and

Jun and Suh [8], as a way to reduce losses generated by

tooling failure (downtime, part quality problems etc.), to

improve productivity and for implementing unattended

manufacturing systems.

To support CNC machines on developing their work on

a proper manner, pre-setters and tool-setters have been

frequently used. They aim to boost the machining com-

petitive capacity by enhancing flexibility and quality

simultaneously with reduced cycle times. Their manufac-

turers assure that this kind of equipment can measure

tooling within a ± 1 lm precision [9].
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On the other hand, CNC tool machine manufacturers

also state that a ± 1 lm precision can be obtained in the

equipment positioning. However, Popov et al. [10] indicate

a serious problem generally faced by precision machining:

attaching coordinate measuring systems to the machines in

order to obtain the necessary accuracy to generate high

quality parts, since the machining equipment usually pre-

sents positioning errors and deviations. Other problems can

be even induced by the cutting edge geometry [11, 12].

Also, Liu et al. [13] investigated the geometric errors

presented by CNC machining equipment. They indicate

that 70 % of the deviations and errors found in machining

processes can be originated from thermal and geometrical

induced errors. Schwenke et al. [1] pointed out the devia-

tions caused by loads and dynamic stress as well as by the

CNC machine motor and movement control systems. Ra-

hou et al. [14] expand the list of potential problems men-

tioning errors produced by measuring instruments and by

part fixing devices among others. They say that 10 % of the

deviations are motivated by systematic causes, while

25–35 % can be related to inappropriate operation param-

eters. He et al. [15] say that the compensation of those

errors could increase the machine precision up to 63 %.

According to Volpato et al. [16], the CNC machines

need to recognize the tolling dimensions (length and

diameter) and wear in order to correct their movements

according to the tooling geometry. It is required to refer-

encing the CNC machine to increase the positioning pre-

cision [17]. Presetting is then the process of measuring the

tooling and registering this information in the CNC

machine controls. It can be done in an automatic or manual

way. Despite actual machining simulation is not yet con-

solidated, since the overall process complexity is high [18],

Sun et al. [19] developed an algorithm that compensates

the acceleration and the slowdown of the CNC machine

spindle to be applied in high speed cutting (HSC)

machining process programming. However, this algorithm

fails if the tooling wear is not compensated during the

machine operation [20]. Volpato et al. [21] informed that

using a tooling measurement system named on board

device (OBD), also known as tool-setter, the machining

system could identify tool wear and breakage and make the

necessary compensation.

Hence, the tool-setters are devices used for in-process

presetting, where the tool measurement is performed

already on board of the CNC machine magazine. Their

operating principle could be a physical contact of the

tooling with a probe [22] or by an interruption of a laser

beam by the tool to be measured. Through the CNC pro-

graming and a communication interface, when the detec-

tion occurs, the positions X, Y and Z of the machine

spindle are read and converted into tooling dimensions

which are informed to the CNC control for proper

adjustments [23]. The precision of measures provided by

the tool-setters depends on the type of measurement device

used (physical contact or laser beam interruption) but the

typical objective is to generate a ± 1 lm precision value.

This level of accuracy could make the tool-setter price

reach values of the same magnitude as the CNC machines

[21].

One question that concerns the tool-setting process is the

accuracy of its resulting measures depending on the

machining parameters being used. The interruption of the

laser beam occurs when the tool crosses it, but the detec-

tion happens only when the CCD sensor identifies the

absence of light and an electrical pulse is sent to the CNC

control that interrupts the movement of the axles and reg-

isters the tool position (X, Y or Z) at that precise moment.

However, as this entire process experiences some time

delay between the effective laser beam interruption and the

total stoppage of the machine movements, the feed rate Fr

and the spindle speed S could influence the results of the

measurement done. The occurrence of this delay during the

referencing of the tool-setter (defining the X, Y and Z

coordinates for the laser position) could induce errors that

can propagate throughout the tool measurements made by

the tool-setter [24]. This can compromise the results of the

whole machining process.

Hence, this paper proposes to evaluate the influence of

the CNC machine feed rate (Fr) and spindle speed (S) on

the dimensional response by laser tool-setters during its

referencing, since these parameters act directly on the

detection of the laser beam position. This is done through

two sets of experiments where feed or spindle speed is

allowed to vary meanwhile the tool-setting parameters are

measured during the referencing. Statistical analyses

complement the understanding of the phenomenon

investigated.

2 Hardware and methods

To evaluate the influence of the machine feed rate (Fr) and

spindle speed (S) on the dimensional response by laser

tool-setters, the following hardware and methods were

used.

Initially, it is relevant to mention that the tool-setter

referencing should be done in normal working conditions

(employing the same CNC machine that will be used for

the machining process, without any environmental tem-

perature control, but generally about 25 �C), measuring the

laser beam in three points: (1) to identify the position

Z (beam position in relation to the machine table); (2) to

identify the position C (laser beam center position) and (3)

to identify the position X (beam lateral position), as shown

in Fig. 1.
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It is important to perform these measurements for ref-

erencing the tool-setter on the same CNC machine that will

be employed for the machining process because all other

tools that will be further measured are supposed to be in the

same condition. To avoid major influences of the thermal

deviations, the CNC machine was put in operation

(movement of the three axes) for 4 h before the tests. This

was considered enough time to achieve the needed reduc-

tion of the thermal influences in the relative position of the

CNC machine parts (based on the report of the Project

PIPE/FAPESP no 06/60819-0 [27]).

Regarding to the measurement uncertainty, the same

report [27] indicates that the tool-setter presents an error

systematic effect of 0.2 lm. Even though the presetter

uncertainty calculation could be done as per JCGM 100:

2008 [28], the data non normality appointed in the afore-

said report does not allow the calculation of a confidence

interval.

To measure the laser beam in the specified points, it was

used a three axis (X, Y and Z) ROMI Discovery 560 CNC

machining center equipped with a FANUC 20i CNC con-

trol, with an interface connected to the tool-setter (Fig. 2).

For the reconnaissance of the logic state of the digital input

by the machine, a specific programming command was

used.

The tool-setter used was a GeoTecno TSG 130, with a

laser emitting point with adjustable focus, power 3.0 mW,

and with an OPT sensor at the receiving point. The tool-

setter also presents the following characteristics: 2 lm

precision and 2 lm repeatability (according to the manu-

facturer and based on the report of the Project PIPE/FA-

PESP no 06/60819-0) [27].

The referencing tests were performed using a

Ø16 mm 9 15 mm length referencing pin mounted into

the tool holder. The referencing cycle consisted in

approaching the pin in the Z direction to locate the laser

beam position in relation to the machine table. Then the pin

was moved in such way to interrupt the laser beam form

both the right and the left sides. During this procedure the

CNC control stored the positions of Z (height of the beam

according to the Z axis), C (center of the laser beam) and X

(beam position measured in axis X). The described mea-

surements were performed in two sets of experiments.

Initially a constant feed of 0.005 mm/rot was kept constant

meanwhile the spindle speed was allowed to vary from 50

to 1,900 RPM (details in Table 1). The whole idea behind

this initial set of evaluations was to identify at what speed

the Z, C and X measurements would present the minimum

variations in relation to the mean value measured. For each

selected speed 10 measurements of positions Z, C and X

were recorded using the Hyperterminal software, available

for Windows� XP. The connection used was the machine

output RS232 linked to one of the USB ports of the

Fig. 2 The ROMI discovery 560 CNC machining center, its FANUC

20i CNC control and measurement arrangement

Table 1 Experiment 1—spin-

dle speed (S) selected at con-

stant feed (F)

Spindle speed

(RPM)

Feed

(F) (mm/rot)

0 0.005

50 0.005

100 0.005

200 0.005

300 0.005

600 0.005

900 0.005

1,200 0.005

1,500 0.005

1,700 0.005

1,900 0.005

Fig. 1 The referencing cycle
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computer. The measurement arrangement is also shown in

Fig. 2. It is also relevant to mention that, either for refer-

encing or for positioning measurements, each speed con-

dition was repeated at least 10 times to reduce eventual

random errors. Similarly, in order to avoid backlash errors

in each measurement cycle, the machine axles were moved

to eliminate possible gaps in the spindle/nut set.

In the second experiment, the feed rate (Fr) was allowed

to vary meanwhile the spindle speed was kept stationary (0

RPM). The objective here was to eliminate the effect of the

spindle speed in order to verify the sole influence of the

feed rate on the measurements performed. For the second

experiment feed values selected were those that would

reproduce the same feed rates used in experiment 1, as

shown in Table 2. Here 10 measurements were also taken

for each feed selected. The measurement cycle was the

same as on the first experiment.

3 Results and discussion

The results obtained in the two experiments described

above, their statistical analyses and respective interpreta-

tions are presented in the Sects. 3.1 and 3.2 below.

3.1 Z, C and X measurements for a constant feed

(F) and variable spindle speed (S)

As stated before, in the first experiment the referencing

values for Z (mm), C (mm) and X (mm) were obtained for

several values of the spindle speed (S in RPM), keeping the

feed constant (F, in lm/rot). The results of the measure-

ments taken are shown in Table 5.

In order to verify if there was a statistical difference

among the means for each variable as the speed

(S) changes, a One Way ANOVA test was performed,

Table 2 Calculation of equivalent feed rate

Reference

spindle speed

(RPM)

Feed in experiment

1 (mm/rot)

Equivalent feed rate in

experiment 2 (mm/min)

50 0.005 0.25

100 0.005 0.5

200 0.005 1.0

300 0.005 1.5

600 0.005 3.0

900 0.005 4.5

1,200 0.005 6.0

1,500 0.005 7.5

1,700 0.005 8.5

1,900 0.005 9.5

Fig. 3 One Way ANOVA test

results performed on data shown

in Table 1
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variables Z (a), C (b) e X (c)
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using the MINITAB software package [25]. Results are

shown in Fig. 3, as follows:

As can be seen, the results indicate that the null

hypothesis should be rejected for the three variable (Z, C

and X), i.e., there is a significant difference among the

analyzed means since in all three cases p \ 0.01. In other

words, there is a 99 % confidence that the measures

obtained in the positions Z, C and X are different for dif-

ferent values of the speed (S).

In order to validate the adequacy of the model used in

the variance analysis due to normality conditions, a residue

graphical evaluation was performed. The results are pre-

sented in Fig. 4a–c for variables Z, C and X respectively.

As the normal probability graph shows a linear ten-

dency, it is possible to assume that the residues have nor-

mal distribution, which demonstrates the adequacy of the

adopted model [26].

The main variation effects of S on the measures Z, C and

X were also evaluated and are shown in Fig. 5a–c

respectively. Based on these results it is possible to

determine which value of S is more adequate to obtain a

desired value for the other variables. In general, bigger

values of S produce the smallest values for the readings of

Z, C and X.

However, based on Fig. 5 information it is not possible

to affirm which is the best spindle speed for referencing

because the aim of this research is to identify the speed

range for which the measurements vary the least. In order

to verify for which spindle speed the measurement varia-

tions are minimized, the standard deviations for each var-

iable at each speed were obtained, as shown in Table 3. As

can be seen, the minimum variation for Z occurs at 1,500

RPM meanwhile C and X present minimum variations for

lot lower speeds (50 RPM).

3.2 Z, C and X measurements for a stationary spindle

(S) and variable feed (F)

As proposed initially, another experiment was performed

where the spindle was kept stationary and the feed rate (Fr

Table 3 Standard deviations

for Z, C and X in experiment 1
Speed

(RPM)

Z

(lm)

C

(lm)

X

(lm)

50 3.335 1.197 1.160

100 3.062 2.833 1.947

200 4.300 1.811 2.633

300 4.517 2.728 2.098

600 3.860 1.229 1.524

900 3.432 2.427 2.741

1,200 2.981 1.438 1.944

1,500 2.710 1.480 2.923

1,700 3.020 1.768 1.174

1,900 4.692 2.295 2.224

General Linear Model: Z; C; X versus F Fig. 6 One Way ANOVA test

results performed on data shown

in Table 3
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Fig. 7 Residue graphical

analysis for ANOVA
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variables Z (a), C (b) e X (c)
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in mm/min) was allowed to vary according to predeter-

mined values (detailed description in the Sect. 2). This was

done to evaluate the feed variation influence on the refer-

encing of X (mm), C (mm) and Z (mm). Obtained figures

are shown in Table 6.

The One Way ANOVA results for this second experi-

ment are presented in Fig. 6. As can be seen, here also the

null hypothesis should be rejected, i.e., there is a significant

difference among the means evaluated for different values

of Fr. In fact, the measures for X, C and Z for different feed

rate values are statistically different considering a 99 %

confidence level. This can be noticed in Fig. 6 as the

p value in all the cases analyzed is smaller than the sig-

nificance level adopted (a = 0.01).

As part of the analysis, the adequacy of the chosen

model for the One Way ANOVA was verified. Results are

presented in Fig. 7a–c, indicating that the residues have

normal distribution which confirms the suitability of the

data treatment used.

The main effects of the Fr variation on the measures X,

C and Z are presented in Fig. 8a–c respectively. These

results allow the identification of the most adequate values

for Fr in order to obtain a more favorable value for X, C

and Z. As can be noticed, higher values for Fr generate the

best responses for Z and X.

However, as stated before, the purpose here is to verify

which feed rate allows a minimum variation in the refer-

encing values of Z, C and X. For that purpose the standard

deviations for the several feed rates selected were calcu-

lated and are shown in Table 4.

From the results of this calculation it is possible to

notice that the minimum variation in experiment 2 occurs

at one of the lowest feed rates adopted (0.50 mm/min) for

C and X and at 6.0 mm/min feed rate for Z. Also, the

variations here are significantly smaller than the ones

obtained in experiment 1, confirming the statement made

by Schwenke et al. [1] indicating that most part of

deviations are caused by machine components’ move-

ments (in this case, mainly the spindle). This leads to the

conclusion that the minimum variation for Z, C and X

during the referencing of the tool-setter is obtained for the

condition where the spindle remains stationary and the

feed rate is kept at values between 0.25 and 9.50 mm/

min. Even so, at higher values of Fr the resulting dis-

persions are relatively small and admissible for this kind

of referencing (variability lower than 2 lm for the subject

under evaluation). However, it is relevant to mention that

for Fr = 0.25 mm/min the variability of C and X

increases as a result of the machine deviations caused by

the reasons mentioned by Popov et al. [10] and confirmed

in the report of the Project PIPE/FAPESP no 06/60819-0

[27] (Tables 5, 6).

4 Conclusions

The tool-setter referencing is an important procedure in

the machining processes because it directly influences the

quality and accuracy of the further measurements carried

out by this device. Errors or imprecise referrals can be a

source of possible serious presetting mistakes. The

experiments reported by this paper and their respective

analyses may suggest that the machine/process parame-

ters could influence the results of the tool-setter refer-

encing, as can be seen through the behavior of

measurements shown. As the spindle speed and the feed

rate change, the results of the referencing also vary

accordingly. Nevertheless and as stated before, it is not

possible to decide which is the best referencing condition

based on the presented data, because there is not a ref-

erential measurement to be achieved. On the other hand,

based on the aforesaid results, it is conceivable to assert

that the best condition to carry out a tool-setter refer-

encing is the one leading to the lowest dispersion of the

results: the spindle speed at a stationary situation (S = 0

RPM) and the feed rate at values typically between 0.25

and 6.0 mm/min as anticipated by the relevant literature

presented. Evidently, other values of S can be used, but

the possibility of run out errors increases as the spindle

speed rises. Also, the same could happen with higher

values of the feed rate, as bigger values of Fr lead to

increased possibilities of errors induced by the machine

inertial movements.

The differences among the results obtained with rotating

spindle and stationary spindle may occur due to inherent

factors such as spindle balancing and other deviations of

the system spindle, tool holder and tool, as mentioned in

the literature.

Table 4 Standard deviations for Z, C and X in experiment 2

Feed rate (mm/min) Z (lm) C (lm) X (lm)

0.25 0.843 0.474 0.823

0.50 1.337 0.284 0.483

1.00 1.578 0.685 0.675

1.50 1.059 0.486 0.568

3.00 1.269 0.883 0.675

4.50 1.287 0.589 0.843

6.00 0.422 0.632 0.667

7.50 1.716 0.580 1.317

8.50 1.075 0.550 0.966

9.50 1.494 0.810 0.919

1024 J Braz. Soc. Mech. Sci. Eng. (2015) 37:1015–1028

123



Table 5 Referencing values for Z (mm), C (mm) and X (mm) as a function of speed S (RPM)

S F Z C X S F Z C X

1,500 5 -536.190 15.866 16.084 100 5 -536.154 15.873 16.098

1,500 5 -536.184 15.866 16.084 100 5 -536.158 15.870 16.095

1,500 5 -536.189 15.868 16.086 100 5 -536.158 15.869 16.095

1,500 5 -536.188 15.864 16.083 100 5 -536.162 15.870 16.099

1,500 5 -536.193 15.866 16.084 100 5 -536.153 15.867 16.093

1,500 5 -536.187 15.865 16.079 100 5 -536.157 15.869 16.099

1,500 5 -536.192 15.867 16.085 100 5 -536.161 15.866 16.098

1,500 5 -536.190 15.864 16.077 100 5 -536.154 15.864 16.096

1,500 5 -536.188 15.865 16.083 100 5 -536.157 15.865 16.097

1,500 5 -536.186 15.868 16.086 100 5 -536.160 15.865 16.097

200 5 -536.168 15.866 16.091 300 5 -536.154 15.872 16.094

200 5 -536.178 15.864 16.089 300 5 -536.166 15.873 16.096

200 5 -536.167 15.864 16.090 300 5 -536.165 15.867 16.090

200 5 -536.172 15.861 16.093 300 5 -536.155 15.871 16.093

200 5 -536.168 15.866 16.095 300 5 -536.158 15.872 16.094

200 5 -536.167 15.864 16.094 300 5 -536.165 15.872 16.094

200 5 -536.170 15.862 16.094 300 5 -536.162 15.872 16.094

200 5 -536.178 15.864 16.095 300 5 -536.164 15.872 16.094

200 5 -536.173 15.866 16.096 300 5 -536.166 15.872 16.094

200 5 -536.175 15.861 16.089 300 5 -536.163 15.865 16.089

1,700 5 -536.191 15.861 16.081 600 5 -536.166 15.873 16.094

1,700 5 -536.191 15.864 16.081 600 5 -536.169 15.873 16.092

1,700 5 -536.190 15.867 16.081 600 5 -536.160 15.872 16.093

1,700 5 -536.190 15.865 16.079 600 5 -536.161 15.873 16.093

1,700 5 -536.192 15.862 16.079 600 5 -536.168 15.873 16.092

1,700 5 -536.194 15.863 16.078 600 5 -536.162 15.872 16.093

1,700 5 -536.188 15.866 16.080 600 5 -536.168 15.871 16.090

1,700 5 -536.196 15.866 16.080 600 5 -536.170 15.869 16.089

1,700 5 -536.193 15.864 16.079 600 5 -536.168 15.872 16.093

1,700 5 -536.198 15.863 16.078 600 5 -536.161 15.872 16.092

50 5 -536.170 15.869 16.098 1,200 5 -536.177 15.869 16.089

50 5 -536.176 15.865 16.095 1,200 5 -536.172 15.868 16.088

50 5 -536.177 15.865 16.095 1,200 5 -536.173 15.867 16.086

50 5 -536.168 15.866 16.097 1,200 5 -536.179 15.867 16.088

50 5 -536.169 15.867 16.098 1,200 5 -536.175 15.865 16.082

50 5 -536.173 15.865 16.096 1,200 5 -536.171 15.870 16.088

50 5 -536.176 15.866 16.097 1,200 5 -536.180 15.867 16.087

50 5 -536.169 15.866 16.096 1,200 5 -536.176 15.868 16.087

50 5 -536.174 15.867 16.098 1,200 5 -536.174 15.868 16.088

50 5 -536.171 15.867 16.097 1,200 5 -536.173 15.867 16.087

1,900 5 -536.197 15.864 16.079 900 5 -536.173 15.867 16.090

1,900 5 -536.192 15.863 16.078 900 5 -536.170 15.862 16.086

1,900 5 -536.201 15.861 16.075 900 5 -536.166 15.866 16.089

1,900 5 -536.194 15.865 16.077 900 5 -536.174 15.869 16.090

1,900 5 -536.190 15.868 16.081 900 5 -536.172 15.870 16.091

1,900 5 -536.204 15.862 16.076 900 5 -536.170 15.870 16.091

1,900 5 -536.192 15.862 16.076 900 5 -536.178 15.866 16.084

1,900 5 -536.195 15.864 16.075 900 5 -536.171 15.865 16.087
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Table 5 continued

S F Z C X S F Z C X

1,900 5 -536.196 15.865 16.077 900 5 -536.176 15.866 16.084

1,900 5 -536.202 15.868 16.081 900 5 -536.170 15.867 16.090

Table 6 Referencing values for Z (mm), C (mm) and X (mm), as a function of Fr (mm/min)

F Z C X F Z C X

0.50 -536.249 15.860 16.084 7.50 -536.257 15.859 16.079

0.50 -536.253 15.860 16.084 7.50 -536.262 15.860 16.079

0.50 -536.252 15.860 16.084 7.50 -536.262 15.860 16.077

0.50 -536.254 15.860 16.085 7.50 -536.262 15.860 16.079

0.50 -536.253 15.860 16.084 7.50 -536.261 15.860 16.077

0.50 -536.252 15.860 16.085 7.50 -536.262 15.859 16.076

0.50 -536.253 15.860 16.084 7.50 -536.262 15.859 16.076

0.50 -536.252 15.859 16.084 7.50 -536.263 15.859 16.076

0.50 -536.253 15.860 16.085 7.50 -536.263 15.859 16.076

0.50 -536.252 15.860 16.084 7.50 -536.261 15.859 16.077

9.50 -536.258 15.860 16.078 1.50 -536.255 15.859 16.084

9.50 -536.262 15.861 16.077 1.50 -536.257 15.860 16.083

9.50 -536.262 15.860 16.075 1.50 -536.255 15.859 16.083

9.50 -536.262 15.860 16.076 1.50 -536.255 15.860 16.084

9.50 -536.263 15.861 16.076 1.50 -536.257 15.859 16.082

9.50 -536.261 15.861 16.077 1.50 -536.257 15.860 16.083

9.50 -536.263 15.860 16.076 1.50 -536.256 15.860 16.083

9.50 -536.261 15.860 16.076 1.50 -536.258 15.859 16.083

9.50 -536.262 15.859 16.076 1.50 -536.257 15.859 16.083

9.50 -536.263 15.859 16.075 1.50 -536.256 15.859 16.083

1.00 -536.251 15.859 16.083 6.00 -536.260 15.858 16.079

1.00 -536.256 15.860 16.083 6.00 -536.260 15.859 16.080

1.00 -536.253 15.859 16.083 6.00 -536.261 15.860 16.079

1.00 -536.256 15.859 16.083 6.00 -536.261 15.860 16.079

1.00 -536.254 15.859 16.083 6.00 -536.261 15.859 16.079

1.00 -536.256 15.860 16.083 6.00 -536.261 15.859 16.078

1.00 -536.254 15.860 16.085 6.00 -536.261 15.859 16.080

1.00 -536.255 15.858 16.083 6.00 -536.261 15.859 16.079

1.00 -536.255 15.858 16.083 6.00 -536.261 15.859 16.078

1.00 -536.254 15.860 16.084 6.00 -536.261 15.860 16.079

8.50 -536.259 15.860 16.078 3.00 -536.256 15.859 16.083

8.50 -536.261 15.860 16.076 3.00 -536.258 15.859 16.082

8.50 -536.262 15.859 16.075 3.00 -536.259 15.858 16.081

8.50 -536.262 15.859 16.076 3.00 -536.259 15.859 16.081

8.50 -536.263 15.860 16.076 3.00 -536.257 15.858 16.081

8.50 -536.261 15.860 16.077 3.00 -536.259 15.861 16.082

8.50 -536.262 15.860 16.077 3.00 -536.260 15.860 16.082

8.50 -536.262 15.860 16.076 3.00 -536.260 15.860 16.081

8.50 -536.262 15.860 16.077 3.00 -536.259 15.859 16.082

8.50 -536.262 15.859 16.078 3.00 -536.258 15.861 16.082

0.25 -536.252 15.860 16.084 4.50 -536.257 15.859 16.082
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Hence, as a practical contribution, a final recommen-

dation for the laser tool-setter referencing is to keep the

spindle speed stationary (with no rotation) meanwhile the

feed rate is maintained as low as the process and the CNC

machine allow.
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sistema automático de pré-ajustagem de ferramentas interno a
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