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Abstract : Milling is one of the important machining operations on prismatic components. The multipoint cutter used on universal 

milling machine is not fully engaged with work piece during metal cutting operation which results in intermittent cutting 

producing harmonic force (tangential) on the machine tool producing forced vibrations. This vibration produce chatter marks on 

the work piece resulting in poor quality of surface finish and also affects the cutting tool life. Generally face milling, gang milling 

/slab milling operations both in vertical and horizontal spindle orientations cause forced vibrations on the machine tool. In this 

paper an attempt is made to study the amplitude of vibration theoretically as well as experimentally using low cost multi reed 

instrument and verifying with vibrometre. Multi reed instrument is designed and fabricated for different natural frequencies to 

sense resonant conditions during milling operations. The instrument is designed in such a way to meet kinematic lay out of the 

machine ie from 160 to 1600 rpm. The combined stiffness matrix (CSM) of the machine is evaluated as springs in series 

connectivity of major components using Finite element method (FEM) considering hysteresis damping. The work resulted in 

avoiding resonant amplitude of vibrations, for modifying the cutting parameters in critical machining operations thus improving 

the quality of work output  

 

IndexTerms - Forced vibrations. Universal milling machine, multi reed instrument, combined stiffness matrix 

  

I. INTRODUCTION 

The main consideration of vibration analysis is to find the natural frequency of vibration, which is one of the 

characteristic frequencies of vibration of a body when it is under free vibration. This can be further extended in the case of 

machine tools as forced vibration analysis when there is cutting motion. It is necessary that the design structure is excited by 

frequencies far away from the natural frequencies and to limit the amplitude of vibration. If the excitation frequency is very near 

the natural frequency, the amplitude of vibration will be excessively large which readily leads to failure due to resonance. In 

general to limit the maximum stress within the proportionality limit the displacements must be small. Similarly, if the 

displacements are not small, the equations involved become non-linear and solutions become complex. In order to identify large 

amplitude of vibrations in a batch manufacturing environment a multi reed instrument consists of several reeds of known natural 

frequencies can be used. There will be a known series of frequencies for these reeds. Small difference in the frequencies of 

successive reeds will show more accurate results. The instrument is brought in contact with the vibrating body whose frequency is 

to be measured and one of the reeds will be having maximum amplitude and hence that reed will be showing the frequency of the 

vibrating body. 

When a machine tool structure is subjected to a periodic force, it will vibrate at the forcing frequency. There will be 

resonance when angular frequency of the external harmonic Force equals the natural angular frequency of the structure [1,6]. The 

machine tool work piece system behaves like a damped spring mass system. In order to minimize the amplitude of vibration of 

the system, the damping should be large and natural frequency of the system should be significantly less than the frequency of the 

disturbing force. Forced vibrations are caused by period forces within the system. The sources of such forces are intermittent 

engagement of multi tool cutters like milling. 

The machine tool is subjected to cyclic forced vibrations during face milling or slab milling [1]. The frequency of forced 

vibration will be equal to the product of the tool angular frequency and number of teeth on the cutter. The spindle torque variation 

during a slab milling operation will dependent upon the number of teeth. The frequency of torque variations increases and the 

peak torque decreases with the increase of number of teeth. The machine tool should be designed so that the natural frequencies 

of the various parts of the structure do not approach the forcing frequencies. The harmonics of the periodic forces should also be 

avoided to safeguard against resonance.  In a universal milling machine the important modes of vibration are those which cause 

relative displacement of tool with respect to work piece. This will deteriorate the surface finish of work piece. Hence there should 

a sensitive instrument to assess the forced vibration in the machine tools at low cost in batch production environment to meet the 

spindle kinematic drive layout 
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II. MACHINE TOOL VIBRATIONS 

The work piece, cutting tool and machine form a structure system with complicated dynamic characteristics. The cutting 

tool applies force on the work piece during machining. The cutting tool receives its cutting forces from the machine. Under 

certain operating conditions, the structural system may experience vibrations. The presence of vibration results in poor surface 

finish, cutting tool edge damage and irritating noise. It is therefore very important to study the cause and control all types of free 

and forced vibrations due to interaction between the cutting process and the machine tool structure.  

Machine tools are complex structures consisting of beds, columns, gears, shafts, slides, cutting tools, work pieces, etc. 

These are distributed mass system with infinite number of mass points and therefore infinite degrees of freedom. The cutting 

forces can be resolved into steady or constant component and time dependent dynamic components. The steady component of 

cutting forces along with dead loads can cause static deflections in the elastic work piece- tool- machine system. These 

deflections disturb orientation and motion of tool relative to work piece. The point of application of cutting load changes with 

time and hence the deflection. The machine tool must have static stiffness to resist the constant loads of the combined system. 

The machine tool vibrations are classified as: 

1. Free vibrations or transient vibrations or random vibrations. 

2. Forced vibrations 

3. Self-excited vibrations or machine tool chatter. 

 

Forced vibrations 

 

                  These are caused by periodic force within the system. The sources of such forces are: 

1. Unbalanced rotating masses 

2. Intermittent engagement of multi point cutters like milling 

3. When a machine tool structure is subjected to a periodic force, it will vibrate at the forcing frequency. 

There will be resonance when angular frequency of the external harmonic. Force equals the natural 

angular frequency of the structure. The machine tool work piece system behaves like a damped mass 

spring system. In order to minimize the amplitude of vibration of the system, the damping should be 

large and natural frequency of the system should be significantly less than the frequency of the 

disturbing force. In side or face milling, there will be forced vibrations. The frequency of forced 

vibration will be equal to the product of the tool rotational frequency and number of teeth on the cutter. 

The frequency of spindle torque variation during a stab milling operation will depend upon the number 

of teeth. The frequency of torque variations increases and the peak torque decreases with the increase 

of number of teeth. 

 

 

TABLE 1   Universal milling machine specification  

SPECIFICATION Machine No -0453 

Code-5891 , Model -221 

MACHINE WEIGHT 1640 kg 

TABLE 

Working surface 

T-slots 3 Nos. width 

T-slots 3 Nos. Spacing 

STROKE: 

Longitudinal 

Transverse 

Vertical 

FEEDS: in geometric progression 

 

230 × 1040 

12 

50 

 

 

600 

230 

 

560 

 

10 × 630 

SPINDLE 

Standard taper 

Speeds in Geometric Progression 

Spindle Arbour 

 

ISO 40 

25 to 1600 RPM 

25.4mm 
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III. VI

BRATION ANALYSIS PROCEDURE 

   

 

 

procedure for vibration analysis 

 

 

 
 

Combined stiffness matrix 
 

  

Total stiffness of the milling machine = component stiffness of (OVERARM + COLUMN + BASE+CARRIAGE+SADDLE) 

1. Dimensions of OVERARM: Length= 1030mm, width= 250mm, thickness= 110mm 

2. Dimensions of COLUMN: Length= 770mm, width= 550mm, thickness= 1280mm 

3. Dimensions of BASE: Length= 950mm, width= 510mm, thickness= 120mm 

4. Dimensions of CARRIAGE: Length= 670mm, width= 560mm, thickness= 360mm 

5. Dimensions of SADDLE: Length= 220mm, width= 1220mm, thickness= 80mm 

 

Stiffness of each part has been calculated by using FEM (Finite Element Method) 

1. Dividing each machine member  into TWO CST’ (Constant Strain Triangle’) elements 

2. Obtaining area for each CST 

3. Obtaining Body force vector matrix [B] for each CST 

4. Considering as Plain strain condition and calculating [D] matrix 

5. By evaluating the above values in Stiffness matrix [K] the stiffness of each element can be obtained 

6. Total stiffness of the machine is calculated in order to find out the natural frequency of the machine. 

 

NATURAL FREQUENCY OF THE MACHINE 

K Total = 5.6 * 107 N/m 

Mass= 1640 kg 

Natural frequency: 

Angular velocity   ωn = (k/m)1/2 = 184.78 rad/sec 

Frequency = 29.41 hz 

Consider a single degree .of .freedom system with hysteresis damping subjected to a harmonic force F(t)= 𝐹0 𝑠𝑖𝑛𝜔𝑡. 

From free vibrations under hysteresis damping  ,the damping force  c=
𝛽𝑘

𝜔
 

Dist. From base of over arm to spindle centre  150 mm 

DRIVE 

Spindle motor 

Pump motor 

 

4 Hp, 2.9KW, 1500 RPM 

0.07 KW, 1/10 HP 
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𝑚�̈� + 
𝛽𝑘

𝜔
�̇� + Kx =𝐹0 𝑠𝑖𝑛𝜔𝑡.       ( i ) 

𝛽𝑘

𝜔
�̇� =

ℎ

𝜔
�̇� 

 
 

 

Over view of forced vibrations with hysteresis damping 

 

The steady state solution can be written as xp (t) = X sin (wt – Ø) 

Substituting in equation (i) the amplitude of vibration    𝑋(𝑡) =
𝐹0

𝑘√(1−
𝜔2

𝜔𝑛
2 )2+𝛽2

 

TABLE 2 Power and force requirements in machining  

 

Diameter of cutter D mm 

Revolutions per minute N r.p.m 

Cutting speed v 𝑣 =
𝜋𝐷𝑁

1000
  m/min 

Power at the spindle Pw  Pw  = NUKhKrQ  KW 

Tangential cutting force Pz Pz =
6120∗𝑃𝑤

𝑣
   kgf 

Torque at spindle Tz Tz = 
975∗𝑁

𝑣
 kgf..m  

Power at the motor  Pm Pm  = Pw/E KW 

Efficiency of transmission % E 

Material reaction force Px 0.5 -0.55 PZ 

Feed force Py o.25-0.35 Pz 

 
IV. EXPERIMENTATION WITH MULTI REED INSTRUMENT AND MICROMETER  

 
a) The machine is made to operate under only rotation of spindle at different speeds.  This speed    is found out by 

observing the vibration of reed in resonance with the operating speed. 

b) This speed is used in the forced vibration equation to find out amplitude      

𝑋 =
𝐹0

𝑘√(1 −
𝜔2

𝜔𝑛
2)2 + 𝛽2

 

(Here F0 is the unbalanced force component found out by belt tension) 

This amplitude value gives the amount of displacement of machine during forced vibration 

(Displacement is also recorded using vibrometer) 

2. The machine is operated under machining/milling operation. 

The resonant speed under which the reed vibrates is taken and amplitude is calculated. 

𝑋 =
𝐹0

𝑘√(1−
𝜔2

𝜔𝑛
2 )2+𝛽2

  (Here the cutting force fx also adds into F0 component) 

This amplitude value gives the amount of displacement of machine during forced vibration under machining. 
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Horizontal saddle milling with multi reed instrument   

 

 

 
 

Vertical milling machine with multi reed instrument and Vibrometer 

 
CONDUCTED EXPERIMENT 
FREE VIBRATIONS – when spindle is running without any cutting operation. 

FORCED VIBRATIONS - when cutting operation is taking place 

FREE VIBRATIONS: 

POWER TRANSMITTED IN A PULLEY  

P= (T1-T2)v 

P= power transmitted 

T1 & T2=tensions in the tight side and slack side respectively 

v=velocity of the belt in m/sec 

K=r1-r2/x 

2.3log (T1/T2)=µöcosecß (for v-belt) 

Ö= (180-2k)pi/180 rad 

2ß =34° (for A belt) 

P=2.7KW (motor power=2.9KW) 

r1=0.1225m 

r2=0.0625m 

X=54cm 

T1=128.8N-tight side                                                                                                      

unbalanced belt tensions 

T2=36.71N-slack side  

In the same way many imbalances at gears and other rotating parts add to free vibrations. 

Vibrometer 
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IN VERTICAL MILLING 

Considering the successive amplitudes at two successive r.p.m of the machine, the free vibration equation of the machine can be 

found as follows; 

The displacements of the system at successive amplitudes are: 

 𝛿 = ln (
2.4∗10−4  

2∗10−4 ) = ln(1.2) = ln(1 + 𝜋𝛽) 

 1.2 − 1 = 𝜋𝛽 =  
0.2

𝜋 
  = 0.0633 

 𝑐𝑒𝑞 =  
𝛽𝑘

𝜔
=  

𝛽𝑘

√
𝑘

𝑚

=  𝛽√𝑘𝑚   = 0.0633 ∗ √5.6 ∗ 107 ∗ 1640     = 19183.13 
𝑁−𝑠

𝑚
  

𝑐𝑐 = 2√𝑘𝑚   = 606102.3 
𝑁−𝑠

 𝑚
 

 𝑐𝑒𝑞 <  𝑐𝑐  it is under damped system hence free vibration response is given by 

x (t) =𝑒−𝜖𝜔𝑛𝑡 {𝑥0  cos √1 − 𝜖2  𝜔𝑛𝑡 +   
�̇�0    +𝜖𝜔𝑛𝑥0 

√1−𝜖2 𝜔𝑛 

sin √1 − 𝜖2   𝜔𝑛𝑡} 

 𝜖 =  
𝑐𝑒𝑞 

𝑐𝑐 
= 0.0316 

 �̇�0    &  𝑥0   Are the initial velocity and initial displacement given to the machine (milling machine) at the start of free vibration. 

It is observed that for milling machine the damping factor can be even considered as  

𝜖 =  
𝑐𝑒𝑞 

𝑐𝑐 
= 0.06 . 

 

VALUES OBTAINED IN VIBROMETER AND THEORITICAL 

 

Using the under-damped condition, the displacement values obtained are as follows 

 

x(t) =𝑒−𝜖𝜔𝑛𝑡 {𝑥0  cos √1 − 𝜖2  𝜔𝑛𝑡 +   
�̇�0    +𝜖𝜔𝑛𝑥0 

√1−𝜖2 𝜔𝑛 

sin √1 − 𝜖2   𝜔𝑛𝑡} 

 

Table 4 Vibrometer and theatrical amplitudes at different speeds  

 

 
vibrometre vibrometre theoretical 

 

SL NO 

SPEED 

‘N’ 

(RPM) 

INITIAL 

DISPLACEMENT 

‘x0’ (mm) 

INITIAL 

VELOCITY 

(mm/sec) 

DISPLACEM

ENT x(t) mm 

1 250 4*10-4 0.01 2.14*10-4 

2 400 6*10-4 0.1 3.253*10-4 

3 630 7*10-4 0.14 3.808*10-4 

4 1000 2*10-3 0.16 10.75*10-4 

5 1600 1.8x10-3 0.22 9.72x10-4 

 
FORCED VIBRATIONS:   VERTICAL MILLING 

 

The displacement values obtained by using vibrometer are as follows at different rpm and at different depth of cuts. 

The values obtained at different depth of cut  

 

Table 5 Forced vibration amplitude during machining at different speeds and depth of cuts 

 

 

 

 

depth of cut is 0.5 

mm 

depth of cut is 

0.75mm 
depth of cut is 1mm 

RPM DISPLACEMENT 

(X) m 

DISPLACEMENT 

(X) m 

DISPLACEMENT 

(X) m 

250 1.2*10-6 1.8*10-6 1*10-6 

400 6*10-7 0.7*10-6 2*10-6 

630 6*10-7 11*10-6 0.9*10-7 

1000 6*10-7 2*10-6 0.6*10-6 

1600 2*10-6 3*10-6 0.95*10-6 

 

 

Theoretical calculations: 

𝑃𝑧  =  
6120 ∗ 𝑃𝑤 ∗ 1000

𝜋 ∗ 𝐷 ∗ 𝑁(𝑟. 𝑝. 𝑚)
 

Power at the spindle (Pw) = NUKhKrQ KW 
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𝑄 =  
𝑏𝑡𝑆𝑚

1000 
 𝑐𝑚3

𝑚𝑖𝑛⁄   

b = width of cut (mm) 

t = depth of cut (mm) 

Sm = feed rate mm/min 

 𝑄 =   
50∗0.5∗630

1000
 = 9.45 

N = 31 * 10 -3 * 9.45*1.12*1 = 0.32 

 PZ=
6120∗1000∗0.32

𝜋∗30∗250
 = 83.11 

 
𝑃𝑧

𝐾
=

83.11

56∗106  = 1.484 *10-6 m 

𝑋 =
𝐹0

𝑘√(1−
𝜔2

𝜔𝑛
2 )2+𝛽2

    = 
1.484∗10−6

√(1−
25.162

184.682)2    +0.122
  = 1.2*10-6 m 

 

Calculated at 0.5mm 

MULTI REED VALUES 

 

 
𝑋

𝑌  
=   √

𝐾2 + (𝑐𝜔)2

(𝐾−𝑚𝜔2)2 +(𝑐𝜔)2 

C = 𝛽√𝑘𝑚 

= 0.12 *√56 ∗ 106 ∗ 1640  = 36366.13 

𝑋

1.2 ∗ 10−6 
=  √

(56 ∗ 106)2  +  (36366.13 ∗ 62.83)2

(56 ∗ 106 − 1640 ∗ 62.832)2 + (36366.13 ∗ 62.83)2
 

X = 1.2 * 10-6   * 
3.14∗ 1015

2.45∗ 1015  =1.35 * 10-6 m 

 
Table 6 Summary of amplitude of forced vibration in vertical milling  

 

 

 

 

 

 

 

 

 

 

 

 
 

Magnification Factor  vs Frequency Ratio 
 
 

 
 

Phase Angle vs Frequency Ratio 

 

Observations from graphs 

 

Theoretical 

(x) m 

Vibrometre 

(x) m 

Multi reed  

(x)m 

RPM DIA Of 

CUTTER 

(mm) 

Vc 

(m/min) 

1.51*10-6 1.2*10-6 1.35*10-6 250 30 23.56 

9.7*10-7 6*10-7 6.41*10-7 400 30 37.69 

6.675*10-7 6*10-7 8.09*10-7 630 30 59.37 

5.45*10-7 6*10-7 9.48*10-7 1000 12 37.69 

1.026*10-6 2*10-6 2.56*10-6 1600 12 60.31 
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1. The amplitude ratio  
𝑋

𝐹𝑜
𝐾⁄

    attains its maximum value of  
𝐹𝑜

𝑘𝛽
  at the resonance frequency   𝜔 =  𝜔𝑛 in case of hysteresis 

damping , while it occurs at a frequnecy below resonance  𝜔 <  𝜔𝑛    in comparision with viscous damping it is 

concluded  that structural damping is very highly damped system  . so in machine tools in order to obtain good surface 

finish and good accuracy, structural damping is preferred. 

2. The phase angle   ∅    has a value of tan−1 𝛽   at   𝜔 = 0  in the case of hysteresis damping, while it has a value of '0’   at  

 𝜔 = 0 in case of viscous damping. This indicates that response can never be in phase with the forcing function in the 

case of hysteresis damping. 

 

HORIZONTAL MILLING 

 

Experimentation has been carried out only at three speeds in view of critical arbour and over arm assembly of with overhang from 

spindle face. 

 

FORCED VIBRATIONS: 

The displacement values obtained by using vibrometer are as follows at different rpm and at different depth of cuts. 

 

Table 6 the values obtained at depth of cut is 0.2mm 

 

 Depth of cut is 0.2mm Depth of cut is 0.5mm 

RPM DISPLACEMENT 

(X) m 

VELOCITY 

mm/sec 

DISPLACEMENT 

(X) m 

VELOCITY 

mm/sec 

160 3.2*10-7 0.72 2.2*10-7 0.72 

250 2*10-7 0.52 2.8*10-7 0.52 

400 1.4*10-7 0..8 5*10-7 0..8 

 

𝑄 =   
14∗0.2∗630

1000
 = 1.8 

N = 60 * 10 -3 * 1.8*1.33*1.07 = 0.169 

 PZ=
6120∗1000∗0.169

𝜋∗95∗160
 = 20.5 

As it is side end cutter.  

 

Table 7 Theoretical values 

 

S.NO Amplitude 

(X) in m 

𝐀𝐧𝐠𝐮𝐥𝐚𝐫 𝐯𝐞𝐥𝐨𝐜𝐢𝐭𝐲 𝝎 

Rad/sec 

Angular speed 

N (r.p.m) 

1 4.04*10-7 16.7 160 

2 2.59*10-7 26.17 250 

3 1.4*10-7 41.8 400 

 
Table 8 Calculated at 0.2mm depth of cut  

X = 2.2 * 10-7   * 
3.136∗ 1015

3.01∗ 1015   =2.2 * 10-7 m. 

 
CUTTING 

OPERATION 

at RPM 

(0.5mm depth 

of cut) 

MULTI REED  

at Vibrating 

condition 

Angular velocity 

rad/sec at multi 

reed  output 

DISPLACEMENT 

(X) m 

160 200 20.94 2.24*10-6 

250 400 41.88 2.2*10-6 

400 400 41.88 1.54*10-7 

 

 

Table 9 Comparison of all values obtained 

Theoretical 

(x) m 

Vibrome

tre (x) m 

Multi 

reed  

(x)m 

RP

M 

DIA Of 

CUTTER (mm) 

Vc 

(m/min) 

3.2*10-7 4.04*10-7 2.24*10-6 160 95 47.75 

2*10-7 2.59*10-7 2.2*10-6 250 95 74.16 
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V. RESULTS AND DISCUSSIONS  

 

Observations on free vibration and forced vibrations  

 

The displacement in free vibrations has gradually increased in vertical milling operation from lower rpm to higher rpm 

In horizontal milling the free vibrations are very high even at lower rpms 

The critical speed phenomena adds a lot in free vibrating conditions in horizontal milling and more over the secondary 

critical speed adds to it which makes higher amplitudes. 

The sharp curves of displacement-time are approximated to be harmonic.(SHM). 

We can observe that the max displacement in vertical miling was around 1*10-6m and in horizontal milling around 1.5*10-6 m 

which there is always a greater amplitude in horizontal milling. 

Since viscous damping is neglected and only structural damping is considered, the “vibrations never reaches to infinity and 

the value never approaches to zero”. 

This adds to phenomena of spindle running which states that spindle running is heavily imbalanced due to critical speeds of 

horizontal shafts where secondary critical speed adds to it. 

Thus the vibration of metal cutting is a complex phenomena and in milling the complexity increases due to the method of 

cutting. 

 

The Multi reed was designed developed and was tested in both free and forced vibrating conditions with proven 

satisfactory performance. 

  

 

Table 10 Vertical milling-forced vibrations 

 

 

 

 

 

 

 

 

 

 

Table 11 Horizontal milling-forced vibrations 

 

 

 

 

 

 

 

 

 

 

VI. CONCLUSIONS  

 

1. As the instrument is designed for kinematic lay out  (speed) of the  of the milling machine under test, the instrument can 

be used for other machines only under those natural frequencies which are available, and this can be further extended for 

testing various machines by increasing its natural frequency reeds. 

2. This instrument is tested in diesel engine test rig where its measurement (output) found to be satisfactory. 

3. The sphenomenon of vibration which was measured as a factor of displacement has been checked in theoretical, 

vibrometer and Multi reed which are quite satisfactory. 

4. It is clearly observed that free vibration phenomena play a very critical role in the case of horizontal milling than in 

vertical milling. 

5. Forced vibration conditions are more predominant in vertical milling than in horizontal milling. 

6. In general free vibrations can be even considered in cutting operation assuming it to be a steady sate vibration, but 

including chatter is a dynamic phenomena by which free running of the spindle is considered as free vibration and 

cutting operation of the spindle is considered as forced vibration. 

1.4*10-7 1.4*10-7 1.54*10-7 400 95 119.38 

Theoretical 

(x) m 

Practical 

(x) m 

Multi reed  

(x)m 

RPM DIA Of 

CUTTER 

(mm) 

Vc 

(m/min) 

1.51*10-6 1.2*10-6 1.35*10-6 250 30 23.56 

9.7*10-7 6*10-7 6.41*10-7 400 30 37.69 

6.675*10-7 6*10-7 8.09*10-7 630 30 59.37 

5.45*10-7 6*10-7 9.48*10-7 1000 12 37.69 

1.026*10-6 2*10-6 2.56*10-6 1600 12 60.31 

Theoretical 

(x) m 

Practical 

(x) m 

Multi reed  

(x)m 

RP

M 

DIA Of 

CUTTER 

(mm) 

Vc 

(m/min) 

3.2*10-7 4.04*10-7 2.24*10-6 160 95 47.75 

2*10-7 2.59*10-7 2.2*10-6 250 95 74.16 

1.4*10-7 1.4*10-7 1.54*10-7 400 95 119.38 
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7. When the amplitudes lie in plane perpendicular to the cutting direction, regardless of whether the amplitudes are co-

directional with the feed or perpendicular to it the chatter can be observed. If the damping force brought about by the 

disturbance is positive it adds to the damping strength and reduces vibration, if chatter is negative it decreases damping 

strength and increases vibrations. 

8. In horizontal milling operation width of work piece is small and there is sudden engagement and disengagement of 

cutting tool against work piece which caused a sudden increase in vibrations.  

9. Vibrations will appear more in up milling when compared to down milling as there will be opposing force to the motion 

of tool. Tendency of chatters and vibrations are more in up milling. 

10. Vibrations during milling result in deterioration of the surface finish of the work piece, reduction of the feed rate and 

early wear of the cutter. The use of a second counter bearing (at the front and rear of the cutter) offers an additional 

possibility of further reducing vibrations generated, particularly in cases where thick chips are to be removed. 

11. If vibration (referred to as chattering) occurs in the milling machine during the cutting process, the speed should be 

reduced and the feed increased. Too much cutter clearance, a poorly supported work piece, or badly worn machine gears 

are common causes of chattering. 
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