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Test instruction for

Machine tools
INTRODUCTION

Volvo's aim with this instruction is to achieve an accurate, safe and reliable machine tool with high availability. 

The test described in this document will be performed both for Factory Acceptance Test (FAT) and Installation Acceptance Test (IAT). The conditions regarding FAT must be optimised before our visit.
The machine test (FAT) will be carried out at the suppliers shop before the machine is delivered.
A further test (IAT) is to be carried out following installation of the machine in our works. The estimated time for the test is approximately 8-10 days.

Before the warranty period elapses, a test same to FAT/IAT will be carried out as a final test, if not stated otherwise. 

Test of new equipment as well as the re-building of production equipment will be based on this Test Instruction (TI). Any deviations from this TI must be stated in this document. Unless stated otherwise, Volvo will regard all costs of complying with this TI are included in the quotation. This also applies to any sub-contractors used.

FAT/IAT

The contractor is responsible that all required test equipment as far as possible and programs are available and contractor internal tests are performed with positive result, and presented to Volvo before FAT test starts. Volvo, as the purchaser, has the right to claim the machine being held back in the factory until all the tolerances/requirements are achieved and faults corrected.

 There shall be qualified personnel from the contractor present, and if necessary, also from sub-suppliers, so that all faults or problems occurring can be corrected immediately. 
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INSTRUKTION FÖR TI

Köparen markerar krav som INTE gäller med format “dubble strike through“ 

Leverantören granskar varje krav. Om Leverantören har synpunkter skall de noteras i kolumn döpt ”1. Suppliers Quote”.

Köparen granskar Leverantörens synpunkter. Om de accepteras av Köparen behövs inga ytterliggare synpunkter i kolumn döpt “2. Agreed Contract”.
Om synpunkterna INTE accepteras av Köparen måste en diskussion tas och en överenskommen lösning skrivs in i kolumn döpt “2. Agreed Contract”.

Kolumn döpt “3. Notes” är till för Köparens noteringar vid kontroll av utrustningen.

OBS! Om synpunkter förts in kan sidantalet ändras varvid indexets sidanvisningar inte stämmer.


INSTRUCTIONs FOR TI

The Purchaser marks requirements that are NOT valid using the format “double strike through“ 

The Supplier checks each item. If the Supplier has any comments, they must be entered in the column headed “1. Suppliers Quote.”.

The Purchaser checks the Supplier’s comments. If a comment is accepted by the Purchaser, no further comment is needed in the column headed “2. Agreed Contract”.  
If a comment is NOT accepted by the Purchaser, a discussion must take place and an agreed solution written in the column headed “2. Agreed Contract”.

The column headed “3. Notes” is for the Purchaser’s remarks during an inspection of the equipment

N.B. If comments are made, the numbering of the pages may be affected so that the index page references may not be correct.

	
	
	
	1. Suppliers Quote
	2. Agreed contract
	3. Notes

	
	
	
	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	T
	Machine acceptance test program
	
	
	

	T1
	General understanding
	
	
	

	a)
	Specification test

This is meant as a general control of the complete delivery according to the purchase order, which is not covered as a part of any other specified tests.
	
	
	

	b)
	Test  conditions

The variation in surrounding temperature should be within 1(C / hour or 5(C / 12 hours.

The measurements should be performed with the machine at normal  working  temperature 

The machine should be mounted on a sufficient foundation

	
	
	

	c)


	FAT test

Factory acceptance test will be performed at the contractor plant, in presence of Volvo. 

The conditions regarding FAT must be optimised before our visit. The contractor is responsible that all required test equipment as far as possible, and programs are available and contractor internal test are performed with positive result and presented to Volvo, before FAT test starts.
	
	
	

	d)


	IAT test

An installation acceptance test will take place immediately after the completed installation at Volvo. The test includes the same items as the FAT test. 

This test includes tests of all equipment according to the complete machine delivery specification.

There shall be qualified personnel from the contractor present, to ensure that all faults or problems occurring can be corrected immediately.

The warranty period starts from the date of acceptance.
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	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	d)
	Warranty period test


This is a final test to be made before warranty expiring date.


The test shall be performed utilizing the same tests as for FAT/IAT, if not stated otherwise. 


	
	
	

	T2
	Check of performance in accordance to TS
	
	
	

	a)
	General Interfacing 

Electrical System Check
Mechanical System Check

Hydraulic system Check

Personal Safety  
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	3. Notes

	
	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	T3
	Noise level


The measurement is divided in two parts named A and B, the conditions and requirements are as follows. Both requirements for A and B are to be fulfilled.
A.

Conditions:

To be carried out in accordance with. EN ISO 3744

No machining

All systems fully on

Axes moving at different feed rates, even rapid feed and simultaneous movements.

Spindles running up to max rpm. Start and stop of spindles, toolchanging.

    Requirement:

< 75-dB (A) At operators’ place: < 75 dB (A)


If there are measure positions, which produce higher levels than 75dB (A), they should be taken account of separately. In case of disturbing noise with short duration or sound with a loud frequency, that should also be described.

B.

Conditions:

Machine on

Parts of machine or surrounding equipment that emits noise: e.g. hydraulic units, refrigerators, pumps or fans, are running

Axes and spindles are standstill

Measuring distance: 1.2 [m] above shop floor and 1 [m] from the actual sound source, e.g. hydraulic units, refrigerators, pumps or fans.. 

Requirement:

65 dB (A)

Information regarding the noise level must be included in the machine documentation.

Noise level is checked in connection with acceptance- and installation test.

Equipment: Noise level meter
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	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	T4
	Geometrical measurements.

The test will be performed in accordance to supplier’s standard. The actual standard should be attached to the quotation. These tests are carried out prior to the active involvement of VAC. The report is presented before VAC arrives. Individual points will be checked.

Requirements: Within tolerances of the actual standard.
	
	
	

	T5
	Spindle speed.

Approximately 10 different spindle speeds off the milling and turning spindles are measured using a non-contact tachometer. The speeds selected are uniformly distributed over the full speed range of the machine.

Equipment: Non contact tachometer

Requirements: Max deviation from selected speed ( 5%


	
	
	

	T6
	Feed rate.

Approximately 10 rates of feed are measured. The rates are uniformly distributed over the full range of the machine and include the max and min working rates and rapid travel.

Requirements: Max deviation from selected feed rate ( 5%
Equipment: HP laser system in time base mode for linear axes. In case of rotational axes, an incremental angular encoder (ROD 800 together with ACCOM 2.0) will be used. 

	
	
	

	T7
	Idling power.

The idling power is measured at the speeds selected as per T5 above. In this case, it is required that the measuring equipment is supported and connected by the supplier’s electricians. Whenever applicable, read from display.

Requirements: The max idling power may not exceed 25% of available power. Power is based on continuously duty 
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	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	T8
	Vibrations.

Measurements of vibrations will be performed with the machine idling at specified speeds. The vibration level will be measured around the turning and milling spindles. In case of swivelling milling head measurements will be done in both vertical and horizontal position. On the worktable as specified below. The test of the milling spindle will be performed with the ram in two different positions; 500 mm out and with the ram 1000 mm out.
Equipment: Vibrometer (Schenk Vibrotest 60)
Test will be performed as follows:
	
	
	

	
	Measurement
	Spindle speed %
	Measurement point
	
	
	

	
	1
	0
	Radial with respect to turning / milling spindle with machine fully on. Frequency analysis to be carried out
	
	
	

	
	2
	70-100
	Radial with respect to turning / milling spindle. Frequency analysis to be carried out
	
	
	

	
	3
	70-100
	Radial with respect to turning / milling spindle at 90( displacement in relation to points 1 and 2.
	
	
	

	
	4
	70-100
	Axially with respect to turning / milling spindle. Frequency analysis to be carried out
	
	
	

	
	5
	70-100
	Tool holder (turning) and worktable (milling)
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	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	
	
Measurement data


Measurement range
10-1000 Hz


High pass

10 Hz


Evaluation


               RMS



Requirements:


Turning spindle                                                  0.7 mm/s

Ram mounted spindle: 



With ram 500 mm out:  
                                 1.1 mm/s

With ram 1000 mm out:                        
2.0 mm/s

Angular milling head :                                      1.5 mm/s

Milling spindle:                                                  0.7mm/s                                                                               


Milling spindle with quill:
Half out:                                                                0.7 mm/s                         

Fully out:                                                              0.8 mm/s

                       Grinding spindle:                                               3 µm (displacement)
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	Kommentarer/Comments
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	T9


	
Deflections
Measurement of deflection in radial (Urad) direction when milling in the direction of X, Y and Z (If applicable) axes respectively. It will be done in both positive and negative direction. In case of swivelling milling head, deflection will be measured in both horizontal and vertical plane. The work piece is mounted in that way so the surface that will be machined, coincides at half of table radius, applicable for vertical machining, in case of horizontal machining, place the workpiece in that way so the middle of it coincides at half of the table radius. It is milled (climb milling) along the entire long side, the direction of feed is reversed and the cutter is allowed to run out, being withdrawn from the surface half-way along the work piece. The undercut in each direction (Urad) is taken as a measure of the deflection.  The test is performed with cross rail in position 1 (If applicable).
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	Equipment:

Work piece:


Steel to Swedish Standard SIS 1672, German standard CK 45 or equivalent. Size 250*250*50mm


Tool:


Sandvik Coromant R 265.1-080M-10 End mill


Relief angle 75(

Back rake angle-7(

Six P30 inserts


Diameter( 80mm

                            Dial gauge


Cutting data:

  Cutting speed
 120m/min


Tooth feed

 0.15mm/tooth


Depth of cut, radial
 60mm


Depth of cut, axial 
 Three depths of cut are selected





 t1 = 2 mm
t2 = 4 mm
        t3 = 6 mm


The radial undercuts are measured using a dial gauge.



Requirements: Deflection must not exceed the line U=15*Doc+10, where U is deflection in [µm] and Doc is depth of cut in [mm]. See next page.
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	3. Notes

	
	
	Comments
	Comments
	Comments

	T10
	Clamp force
	
	
	

	a)
	Clamp force of Capto C6 will be measured. The force measured is the force that pulls the tool in to the tool holder

Requirement: Min 47 kN max 63 kN

Equipment: Kelch force sensing bar for Capto.
	
	
	

	b)
	Clamp force of ISO 50 will be measured The force measured is the force that pulls the tool in to the tool holder

Requirement: 20 kN +/- 15% for ISO 50

Equipment: Kelch force sensing bar for ISO.
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	Comments
	Comments
	Comments

	T11


	Positioning accuracy

The linear axes X, Y and Z and the rotary axes B and C are checked for:

Position accuracy (P)

Repeatability (Ps max)

Reversing backlash (Umax)

In the case of linear axes, measurement is carried out using a laser interferometer

The measurement starts 10 mm from an axis end position; at that point the measure equipment should be reset. After that the measurement could start by the machine is programmed to position at certain points with the same interval, e.g. 100 mm. The machine is programmed to do this five times in each direction (Change of directions is done in end positions). The measurement of X-axis should include both normal machining area and area utilized for tool probing. Entire stroke of Z-axis is measured.

The axes will be measured in both compensated and non-compensated condition.

The measurement should be performed with the machine at normal working temperature. In a similar way the measurement is carried out in case of rotary axis. It will be performed with a Heidenhain incremental angle encoder. 

The measurement should be performed with the machine at normal working temperature and if applicable with the ram 50% out and at 50% of cross rail stroke

The variation in surrounding temperature should be within 1(C / hour or 5(C / 12 hours.

The machine should be mounted on a sufficient foundation

Evaluation is carried out in accordance with VDI 3441.

Equipment: HP 5528A laser system for linear axes and Heidenhain incremental angle encoder ROD 800 together with ACCOM 2.0 for rotational axes
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	P   = Positioning accuracy

Ps = Repeatability 

U   = Backlash
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Requirements:
	
	
	

	
	
	X
	Y
	Z
	B
	C
	
	
	

	
	Positional accuracy P
	0.005 mm/m length of axis
	0.005 mm/m length of axis
	0.005 mm/m length of axis
	9 arcs
	9 arcs
	
	
	

	
	Repeatability Ps max
	0.005 mm
	0.005 mm
	0.005 mm
	5 arcs
	5 arcs
	
	
	

	
	Backlash Umax
	0.005 mm
	0.005 mm
	0.005 mm
	5 arcs
	5 arcs
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	Kommentarer/Comments
	Kommentarer/Comments
	Kommentarer/Comments

	T12
	Overshoot

Measurement of overshoot at different feed rates and for varying feed travels for all machine axes. Program the machine to traverse towards the position point. Reset the measuring equipment. Traverse the machine with selected feed from the positioning point and stop. Return to the positioning point with the same feed and note the overshoot.

[image: image7.jpg]¢ \ stricks -

overskijut

~—— positioneringspunkt

tid




Requirements: Maximum overshoot at working feed 0.005mm
Equipment: Feinprüf Milligraf plotter and a LVDT transducer.[image: image8.wmf][image: image9.jpg]ﬁ/ — | TES =
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	Feed (mm/min) working feed:
	Travel (mm)
	
	
	

	
	1
	0.1
	
	
	

	
	10
	1
	
	
	

	
	100
	1
	
	
	

	
	250
	1
	
	
	

	
	250
	5
	
	
	

	
	500
	10
	
	
	

	
	1000
	3
	
	
	

	
	1000
	100
	
	
	

	
	Rapid feed
	400
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	Schematic illustration of overshoot in rotary axes.

Measured values rotary axes 

	
	
	

	
	Feed (degrees/min)
	Travel (degrees)
	
	
	

	
	Working feed: 
	
	
	
	

	
	10
	1
	
	
	

	
	100
	0.4
	
	
	

	
	100
	2
	
	
	

	
	360
	7
	
	
	

	
	1080
	84
	
	
	

	
	Requirements: Maximum overshoot rotary axes 0.001.
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	T13
	Linear interpolation

Check of the linear interpolation capability of the machine and stick-slip for linear interpolation at small angle between two axes.


A sine scale is set to 6( and an inductive measuring probe attached to the machine spindle programmed to follow the surface, the variation being plotted by the recorder.


Measurements are carried out for X and Z-axes at seven different rates of feed, 0.5, 1, 3, 5, 10, 50, 250 mm/min


Requirement: Maximum interpolation deviation 0.005mm.

Equipment: Feinprüf Milligraf plotter, LVDT transducer, sine scale and a gauge block.
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	T14
	Circular interpolation

The purpose of this test is only to check the circular deviation (G) from a programmed circular motion; no further investigation will be done. For interpolation in both horizontal and vertical plane, a ball bar test (Renishaw) will be performed according to ISO 230-4. If transmit function exist, a test piece will be milled and then measured in for example a Talyround. (E.g. in case of vertical turning lathe with live spindle)


Requirement: 

Maximum deviation 0.02 mm.
The test consists in making circle with following characteristics:

Distance from centre of table to centre of test circle 400 mm
Ballbar length




                 150 mm
Diameter of test circle



    300 mm
Feed rate                         


200, 700 mm/min
Run complete circle in both directions, clockwise and counter clockwise.

Equipment: Renishaw Double Ball Bar
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	T15


	Thermal stability

Check of the thermal stability of the spindle and machine structure.

Case A.  Applicable for VTL with live spindle or 5 axes mill-turn machines.


The test consists of two parts, (1 and 2 see next page) checking thermal stability in turning mode (1) and milling mode (2). The test should be carried out in one sequence with 1-hour stop between the two parts.


A measuring bar is attached to the turning spindle or milling spindle and a measuring fixture is attached to the tool holder (turning mode) or to the work table (milling mode). Measurement of the spindle position is carried out at a fixed measurement position, which is positioned for each change in speed (nmeasur=0).


The spindle shall be adjusted to an oriented setting. Before doing the series of measurements, positioning to the spindle twice at the measurement position and check that the dial gauge indications do not change. Then reset the dial gauges and complete the test programme. The test is carried out when the machine has been shut down for at least 12 hours. The temperature is measured at the following points at each change in speed: Spindle nose, spindle housing and oil cooler. 


In milling mode the test will be performed with coolant trough the spindle.


Case B. Applicable for lathes, machining centers and grinding machines.

The same procedure as for case A besides that only part 1 will be performed.



Requirements:


Case A:

Turning mode:  Maximum permissible variation in thermal fluctuation in X, Y and Z-axes after a warming-up period of 40 min is 0.015mm+Ps max.




Milling head: Maximum permissible variation in thermal fluctuation in X and Y axis is 0.010 mm + Ps max and in Z-axes 0.015 mm + Ps max 

Case B:

 Maximum permissible variation in thermal fluctuation in X, Y and Z-axes after a warming-up period of 40 min is 0.015mm+Ps max.

Equipment: Dial gauges, magnetic stands and a thermometer.
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	Speed range (Part 1)
	Speed range (Part 2)
	
	
	

	
	Time (min)
	Speed (% of max speed)
	Time (min)
	Speed (% of max speed)
	
	
	

	
	20
	100
	10
	60
	
	
	

	
	10
	80
	10
	60
	
	
	

	
	10
	60
	10
	60
	
	
	

	
	10
	30
	10
	60
	
	
	

	
	10
	30
	10
	0
	
	
	

	
	10
	10
	10
	60
	
	
	

	
	10
	5
	10
	0
	
	
	

	
	10
	10
	
	
	
	
	

	
	10
	0
	
	
	
	
	

	
	10
	10
	
	
	
	
	

	
	10
	50
	
	
	
	
	

	
	10
	30
	
	
	
	
	

	
	30
	0
	
	
	
	
	

	
	10
	50
	
	
	
	
	

	
	10
	80
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	T16
	Coolant test

Check that available flow at specified pressure meets agreed requirements. Both internal and external coolant flow will be measured when applicable. The measurement will be done at the outlet in the working area.

The pressure will be adjusted with a valve at the outlet until it reach its specified value on a manometer, then the volume will be measured during 1 [min] of flow. Pressure and flow at the same time
Equipment: Adjustable valve, manometer and connecting pipes.

Requirements:

Internal coolant: 30 l/min at 70 bar

External coolant: 100 l/min at 20 bar

Clean flushing of chips in cabinet: Sufficient supply of coolant flow to remove chips.

	
	
	

	T17
	Function tests
The various machine functions will be demonstrated and checked during the acceptance test such as:

· Work piece probe

· Tool life supervision
· Non touch measuring of rotating tools, 

· Transmit.function if applicable  

· When resetting the machine, or in case of emergency stop, offsets has to be saved, 

· Automatic retract if stop of coolant occurs´
· Some kind of machining will be performed to check functionality
· Etc.
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