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NASA AMES

RESEARCH CENTER

VIBRATION STANDARD

FOR NEW AND REBUILT MACHINERY AND EQUIPMENT

FORWARD

NASA Ames Research Center requires Vibration Certification of all new and rebuilt machinery and equipment in keeping with its implementation of Reliability Centered Maintenance.  Vibration analysis and certification, as a part of machine performance evaluation will:

• 
Maximize part quality, machine productivity, tooling and machine life.

• 
Minimize machine installation and set-up time.

• 
Allow verification of machine performance and "health" throughout the machine's life.

The NASA AMES RESEARCH CENTER VIBRATION STANDARD FOR NEW AND REBUILT MACHINERY AND EQUIPMENT provides engineering performance guidelines for use by Facilities Operations and Maintenance as well as machinery and equipment builders during the design, development, and building of new equipment and the rebuild of existing equipment. The vibration limits specified by the user and acknowledged by the contractor establish a common goal of acceptability by both parties. Such limits also enable contractors to provide evidence of the superiority and build integrity of their product.
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NASA AMES

VIBRATION STANDARD

FOR NEW AND REBUILT MACHINERY AND EQUIPMENT
1.0
PURPOSE



The purpose of this standard is to:

(
Reduce operating costs in NASA Ames Research Center by establishing acceptable vibration levels for new and rebuilt rotating machinery and equipment.

(
Improve the life and performance of rotating machines and equipment purchased by NASA Ames Research Center.

(
Provide a uniform procedure for evaluating the vibration characteristics of a machine for certification and acceptance.

2.0
SCOPE

This standard establishes:

(
Acceptable limits for vibration levels generated by new and rebuilt rotating machinery and equipment purchased by NASA Ames Research Center.

(
Measurement procedures--including standardized measurement axis directions and locations, calibration and performance requirements of instrumentation, and procedures for reporting vibration data for machine certification and acceptance.

3.0
INSTRUMENTATION REQUIREMENTS

Vibration measurements will be made with an FFT analyzer. The type, model, serial number(s) and latest certified calibration date of all equipment used in the measurement of vibration levels for machine certification, shall be recorded and made available upon request.

3.1
FFT ANALYZER

(
The FFT Analyzer shall be capable of a line resolution bandwidth (f = 300 CPM for the frequency range specified for machine certification unless this restriction would result in less than 400 lines of resolution, in which case the requirement defaults to 400 lines of resolution. (Higher resolution may be required to resolve "Side Bands," or in Band 1 to resolve machine vibration between 0.3X and 0.8X Running Speed.)

(
The Dynamic Range shall be a minimum of 72 dB.

(
The FFT analyzer shall be capable of applying a Hanning window.

(
The FFT analyzer shall be capable of linear non-overlap averaging.

(
The FFT analyzer shall have anti-aliasing filters.

3.2
MEASUREMENT SYSTEM ACCURACY


The measurement system (FFT analyzer, cables, transducer and mounting) used to take vibration measurements for machine certification and acceptance shall have a measurement system Amplitude accuracy over the selected frequency range as follows:


(
For displacement and velocity measurements (l0% or (1 dB.


(
For acceleration measurements (20% or (1.5 dB.
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Figure 1 Measurement System Frequency Response

3.3
MEASUREMENT SYSTEM CALIBRATION


Vibration equipment (transducer, preamplifier, FFT analyzer, recorder and connecting cable) used to take vibration measurements for machine certification and acceptance must be calibrated by a qualified instrumentation laboratory in accordance with Sections 5.1 and 5.2 of ANSI S2.17-1980 "Technique of Machinery Vibration Measurement" within one (1) year prior to the date of machine certification.


Calibration shall be traceable to the National Institute of Standards and Technology (NIST) in accordance with ISO 10012-1/1992 “Quality assurance requirements for measuring equipment - Part 1: Metrological confirmation systems for measuring equipment.”

3.4
VIBRATION TRANSDUCERS

3.4. l 
An accelerometer shall be used in the collection of data for machine certification and acceptance. The accelerometer must be selected and attached to the machine in such a way that the minimum frequency (Fmin) and maximum frequency (Fmax) as specified in Section 9 or specified otherwise by the purchaser, are within the usable frequency range of the transducer and can be accurately measured (reference recommendations of pickup manufacturer and/or Section 6.3, ANSI S2.17-1980).

3.4.2 
The mass of the accelerometer and its mounting shall have minimal influence on the frequency response of the system over the selected measurement range. (Typical mass of accelerometer and mounting should not exceed 10 % of the dynamic mass of the structure upon which the accelerometer is mounted.) Reference Appendix for Dynamic Mass definition and Procedure to Determine Mass Effect

3.4.3 
Integration is acceptable as a means of converting acceleration measurements to velocity or displacement, or for converting velocity measurements to displacement.

4.0
VIBRATION MEASUREMENT AXES DIRECTIONS

4.1
AXIAL DIRECTION (A) shall be parallel to the rotational axis of the machine (reference Figures 2 and 3.

4.2
RADIAL DIRECTIONS (R) shall be:

( 
at 90° (perpendicular) relative to the shaft (rotor) centerline.

4.3
VERTICAL shall be in a radial direction:

( 
on a machine surface opposite the machine mounting plate (reference Figure 2).

For motors or pumps that are end mounted, vertical readings shall be taken in a radial direction relative to axial readings on a surface opposite the machine to which the motor or pump is attached (reference Figure 3).

4.4
HORIZONTAL shall be in a radial direction:

(
at a right angle (90°) from the vertical readings:

(
In the direction of the shaft (rotor) rotation (Reference Figure 2 and 3).

4.5
OTHER:

(
Any radial direction other than Horizontal or Vertical as defined in Sections 4.3 and 4.4.


[image: image3.wmf]





Figure 2 Vibration Measurement Axes Directions - Foot Mounted
[image: image4.wmf]





Figure 3 - Vibration Measurement Axes Directions - End-Mounted
5.0
VIBRATION MEASUREMENT LOCATIONS


Required measurement positions and orientations on a machine's surface at which vibration measurements are to be taken shall be determined by mutual agreement of the purchaser and the contractor, and shall meet the following requirements:

5.1
CONVENTIONS

Follow the convention specified in Sections 4.0 and 5.0, unless specified otherwise by the purchaser.

5.1.1
If an obstruction or safety prevents locating a transducer as specified, locate as close as possible to the standardized position.

5.1.2
Measurement locations used for machine certification and acceptance shall be identified on the machine layout drawing and/or machine as mutually agreed upon by the purchaser and the contractor.

5.1.3
Vibration measurement locations shall be on a rigid member of the machine, as close to each bearing as feasible. Bearing housings, bearing pedestals, machine casings or permanently mounted pickup mounting blocks are examples of suitable mounting locations.

5.1.4
Vibration measurement location shall NOT be on a flexible cover or shield such as the fan cover on an electric motor or a sheet-metal belt guard.

5.2
ACCESSIBILITY

5.2.1
Guarding must be designed to allow accessibility to all measurement locations (Reference Section 5.7).

5.2.2
In the event that vibration monitoring points will be rendered inaccessible after the machine is built or access to the measurement points would present a safety problem during measurement, the purchaser shall be contacted to determine if permanently mounted transducers are to be installed.

5.3
LOCATION IDENTIFICATION

Measurement locations shall be numbered consecutively from 1 to N in the direction of power flow per the following:

Position 1 designates the "out-board" Starting Power Point bearing location of the driver unit of the machine. Position N designates the bearing location at the "terminating" Power Point bearing location of the driven machine. (Reference Figure 4)


[image: image5.wmf]
Figure 4  Order and Consecutive Numbering Sequence

5.4
DOCUMENTATION

Measurement locations documented for certification and acceptance on the machine layout drawing and on any vibration data submitted shall follow the following convention as shown in Figure 5:

(
Station or Machine

(
Component (Reference Table 1)

(
Position

(
Orientation
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Figure 5  Measurement Location Documentation Convention

	GBX  =  Gear Box
	BSH  =  Bushing
	MTR  =  Motor

	FAN  =  Fan
	PMP  =  Pump
	JS  =  Jackshaft

	IP  =  Idler Pulley
	CL  =  Clutch
	

	Other Component Symbols not listed above should be agreed upon by the machine tool builder and the purchaser on an as-needed basis


Table 1 Recommended Component Identification Symbols

6.0
TRANSDUCER & MACHINE MOUNTING CONDITIONS

6.1
VIBRATION TRANSDUCER MOUNTING

At the designated measurement positions, suitable surfaces shall be provided such that the mounted transducer will attach securely.

6.1.1
Hand-held pickups are not acceptable for measurement by this specification.

6.1.2 
For a magnetic base mounted transducer the location on a machine's surface at which vibration measurements are to be taken shall be machined, if necessary, such that the magnet base can be attached firmly without "rocking."

6.1.3 
For a stud mounted transducer the machine's surface at which vibration measurements are to be taken shall be in accordance with that specified by the transducer manufacturer (torque, grease, etc.) Designated transducer type to be specified by the purchaser.

6.1.4 
If an adhesive is used to attach either the transducer or a magnetic mounting pad, the upper frequency limit of the transducer shall be reduced by 20% of the manufacturer's stated resonance for "hard" adhesives and by 50% of the manufacturer's stated resonance for "soft" adhesives. Transducer manufacturer's specifications should be consulted.

6.1.5 
The vibration transducer as mounted must be such that the measurement system Amplitude accuracy over the selected frequency range equals or exceeds the requirements specified in Section 3.1.

6.2
MACHINE MOUNTING

6.2.1
Where a machine can be tested as an individual unit (e.g. motor, spindle, etc.) the machine must be mounted as specified in Section 9.

6.2.2
Where an individual machine can be tested only as an assembled unit (e.g. motor/pump, motor/fan, etc.), the machine mounting conditions shall be as equivalent as possible/feasible to those to be encountered upon installation at the purchaser's site.
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Figure 6  Vibration Measurement Locations

7.0

TECHNICAL REQUIREMENTS

7.1
VIBRATION MEASUREMENT UNITS


Vibration data for machine certification and acceptance shall be expressed in the following measurement units:

	Frequency
	Hertz (cycle/sec) or Cycle/Minute (CPM)

	Rotational Speed
	Revolutions per Sec (RPS) or Revolutions per Minute (RPM)

	Amplitude
	METRIC
	ENGLISH

	(   Displacement (Peak-to-Peak)*
	Micrometers
	Inch (Also Mil in U.S.)**

	(   Velocity (Peak)*
	Millimeter/sec
	Inch/sec

	(   Acceleration (Peak)*
	Meter/sec2
	g’s

	* Can also use Root-Mean-Square (RMS)
	
	** 1 "Mil" = 0.001 inch


Table 2  Vibration Measurement Units

The "Peak" and "Peak-to-Peak" Vibration Amplitude Measurements will be a Calculated Peak not a True Peak. The Calculated Peak will be derived from the RMS level based on the following equations:

Peak (P) = 1.414 x RMS




Peak-to-Peak (P-to-P) = 2 x (P) = 2 x 1.414 x RMS

If a "True Peak" is required, the units of vibration measurement will be designated by the words "True Peak".

7.2
FREQUENCY BANDS


The frequency range of measurement shall be divided into sub-groups called bands. The Fmin and Fmax for each band will be defined in units of frequency or orders of running speed of the machine.(Ref. Figure 7)

7.2.1
Mandatory Bands Band 1 shall be (0.3 - 0.8) X Running Order.  Band 2 shall be (0.8 - 1.2) X Running Order.  Band 3 shall be (1.2 - 3.5) X Running Order

7.2.2
Other Bands


Bands 4 through N shall be defined by the specific machine application.

[image: image8.wmf]
Figure 7  Frequency Bands

7.3
LINE AMPLITUDE ACCEPTANCE LIMITS


For vibration level limits specified in terms of "LINE AMPLITUDE ACCEPTANCE LIMITS":


(
A line of resolution will have a band width (f = 300 CPM unless specified otherwise (Reference 
Section 7.4 requirement for total energy in a peak), or unless the (f = 300 CPM restriction would 
result in less than 400 lines of resolution over the frequency range specified for certification, in which 
case the resolution requirement will default to 400 lines. (Greater resolution may be required to resolve 
"Side Bands," or in Band 1 to resolve machine vibration between 0.3X and 0.8X Running Speed.


(
The maximum amplitude of any line of resolution contained within a band shall not exceed the Line Amplitude Acceptance Limit for the Band.

7.4
BAND-LIMITED OVERALL AMPLITUDE ACCEPTANCE LIMITS


For vibration level limits specified in terms of "BAND-LIMITED OVERALL AMPLITUDE ACCEPTANCE LIMITS" the Total vibration level "A" in a band, as defined by the following equation, shall not exceed the Overall Amplitude Acceptance Limit specified for the Band
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A     
=
Overall vibration level in the Band





Ai 

= 
Amplitude in the ith line of resolution in the Band





(I=1)
= 
The first line of resolution in the Band





(i=N)
=
The last line of resolution in the Band





N

=
The number of lines of resolution in the Band


If the total energy in a peak is to be measured, a minimum of 5 lines of resolution must be used and the peak must be centered in the band.

7.4.1
If a line of resolution is coincidental with the Fmin/Fmax Of two adjacent bands, that line of resolution will be included in the band having the lowest acceptance level limit.

7.4.2
The amplitude range sensitivity of the FFT Analyzer shall be set to the maximum input sensitivity possible without overloading such that the actual measurement uses at least 60 dB of the Dynamic Range.

7.4.3
Certification will be based on:

(
Hanning Window.

(
Four (4) averages (Linear non-overlapping).

7.4.4
The transducer mounting shall be such that the measurement system Amplitude accuracy over the selected frequency range equals or exceeds the requirements specified in Section 3.1. This may require the use of more than one accelerometer where potentially high frequencies might occur (such as gear mesh or harmonics of gear mesh) along with lower frequencies (such as due to unbalance, misalignment, looseness, etc.)

7.5
ALIGNMENT


All coupled rotating machines consisting of consecutive shafts connected through a coupling (whether rigid or flexible) shall be aligned within the tolerances specified by the purchaser in the "Request for Quote." If the Purchaser does not specify an alignment tolerance, the requirements of this Standard defaults to the tolerance limits specified in Specification No. A 1.0-199X, "NASA AMES RESEARCH CENTER LASER ALIGNMENT SPECIFICATION FOR NEW AND REBUILT MACHINERY AND EQUIPMENT."


Consideration shall be given to any "thermal growth" that may occur during the normal operation of the machine that would cause the machine to "grow out of alignment" to the extent that the alignment tolerances of this specification would not be met.

7.6
BALANCING

7.6.1
STANDARD KEY
For rotating machines and machine components with a keyed shaft, balancing will achieved using a standard one-half key in the key seat in accordance with ISO  8821-1989. If a "full key", corresponding to the half key used for balancing, is not provided with the rotating machine, a tag, as shown in Figure 8, will be attached to the machine indicating the dimension of the key used to perform the balance test.


[image: image10.wmf]


Figure 8  Balance Test Key Dimension


7.6.2 
The use of solder or similar deposits to achieve rotor balance is not acceptable. Any parent metal removed to achieve dynamic or static balance shall be drilled out in a manner which will maintain the structural integrity of the rotor.

8.0
MACHINE QUOTATION, CERTIFICATION, AND ACCEPTANCE

8.1
QUOTATION

8.1.1
The Quotation shall specify that the equipment will meet the applicable vibration level limits in Section 9 of this Specification - or the vibration level limits (if different from NASA ARC Specification V1.0 (Latest Version) specified by the purchaser in the "Request for Quote."

8.1.2 
The Quotation shall state the applicable specification vibration level limits being quoted.

8.1.3 
Any additional costs required to meet the specification limits shall be grouped in a separate section of the Quotation and titled "VIBRATION LIMITS." Costs must be itemized and sufficiently detailed to permit a complete evaluation by the Purchaser.

8.2
MEASUREMENT REQUIREMENTS FOR MACHINE CERTIFICATION


8.2.1 
Vibration measurements shall:

8.2.1.1
Be the responsibility of the supplier unless specified otherwise by the purchaser.

8.2.1.2 
Be performed by technically qualified person who is trained and experienced in vibration measurement. The technical qualifications of the person doing the vibration certification shall be submitted as a part of the machine vibration certification data.

8.2.1.3 
Be taken with the machine operating as specified in Section 9.  Where "no load" is specified, no actual work is to be taking place during collection of machine vibration data. Where "rated load" is specified, rated operating load--either actual or simulated--will be applied during collection of machine vibration data.

8.2.1.4 
Prior to taking vibration measurements, the machine will be "run-in" until it reaches operating speed and thermal stability​

8.2.2
Vibration Signatures as required by Section 9 of this specification, shall be submitted to the NASA Ames Maintenance Engineering Department or other authorized representative before acceptance of the machinery or equipment being purchased will be authorized.

8.2.3 
Vibration data for machine certification shall be measured during "run-off' at the vendor's facility. Where it is impractical to set-up and test a complete machine at the vendor's facility, arrangements shall be made to perform the test at the purchaser's facility. Under this circumstance, shipment of the equipment does not relieve the vendor of the responsibility for meeting the specified vibration level limits.

8.2. 4 
The purchaser shall have the option to verify vibration data of equipment during machine "run-off' at the vendor's test site prior to shipment - or at the plant site per Section 8.2.3 - prior to final acceptance authorization.

8.2.5 
The machine layout drawing shall be submitted as a part of the Machine Vibration Certification.  Vibration measurement locations on the machine's surface at which vibration measurements are taken shall be designated on the drawing per Section 5.7 requirements. At the option of the purchaser, Shaft speeds (RPM), gear type and number of gear teeth, gear mesh frequencies (CPM), bearing manufacturer's name, bearing type number and class, shall be identified on the machine layout drawing. Where gear boxes are involved, an insert such as illustrated in Figure 4-e shall be included on the machine layout drawing.

8.3
ACCEPTANCE


Authorization for machine/equipment acceptance based on the vibration limits of this specification requires signature by the purchaser's authorized representative. A copy of the acceptance must be sent to the plant's Purchasing department before final acceptance is authorized.

9.0
VIBRATION LEVEL LIMITS

9.1
ELECTRIC MOTORS -- Refer to Section 9.1 "NASA Ames Vibration Standards for Electric Motors."

9.2
FANS -- Refer to Section 9.2 "NASA Ames Vibration Standards for Fans."

9.3
PUMPS -- Refer to Section 9.3 "NASA Ames Vibration Standards for Pumps."

9.4
GEARBOXES -- Refer to Section 9.4 "NASA Ames Vibration Standards for Gearboxes."

9.5
DEFAULT VIBRATION LEVEL LIMITS -- Refer to Section 9.5 "NASA Ames Vibration Standard Default Limits."

9.6
COMPLETE MACHINE ASSEMBLY


A complete machine is defined as the entire assembly of components, sub-components, and structure, which is purchased to perform a specific task(s). On a Complete Machine Assembly with all individual components operating in their normal operating condition, mode, and sequence, the Component Vibration Level Limits for the complete machine acceptance are the same as when the component is tested individually. Where assembled component levels exceed the acceptable limits, the cause will be identified, if possible, and a decision to correct or accept mutually agreed upon by purchaser and contractor.

SECTION 9.1

NASA AMES VIBRATION STANDARDS FOR ELECTRIC MOTORS

9.1.1. 
ELECTRICAL MOTOR REQUIREMENTS

9.1. 1 .1 
Motors will be defined by four (4) categories:


Standard motor.......Utility Operations


Special motor..........Semi-Finish Operations


Precision motor.......Finish Operations


Other motor............Per agreement by vendor and NASA Ames

9.1.1.2 
The frequency range for motor certification will be from Fmin = 0.3 X Running Speed (synchronous speed) to Fmax = 120,000 CPM (2,000 Hertz)

9.1.1.3 
Alternating current motors will be tested at rated voltage and frequency, and no load.  Single speed alternating current motors will be tested at synchronous speed.  A multi-speed alternating current motor will be tested at all its rated synchronous speeds.  Direct current motors will be tested at their highest rated speed.  Series and universal motors will be tested at operating speed.

9.1.1.4
MOTOR ISOLATION

9.1.1.4.1
Method of Motor Isolation for Measuring Vibration


Place the motor on an elastic mounting so proportioned that the up and down natural frequency shall be at least as low as 25 percent of the test speed of the motor. To accomplish this it is required that the elastic mounting be deflected downwards at least by the amounts shown in the Following table due to the weight of the motor. When a flexible pad is used the compression shall in no case be more than 50 percent of the original thickness of the flexible pad; otherwise the supports may be too stiff.

	MOTOR SYNCHRONOUS SPEED

(RPM)
	ISOLATION PAD COMPRESSION

(INCHES)

	900
	1

	1200
	9/16

	1800
	1/4

	3600
	1/16

	7200
	1/64

	Note:  The required deflection is inversely proportional to the speed squared.


Table 9.1.1  Motor Isolation Requirements

9.1.1.4.2
All new and rebuilt motors shall conform to the vibration limits specified in Table 9.1 when tested in accordance with this specification.

9.1.1.5 
CRITICAL SPEED


Completely assembled motors shall have a percentage separation between the rotor shaft first actual critical speed and the rated motor speed as specified:

	ROTOR DESIGN
	FIRST ACTUAL

CRITICAL SPEED LOCATION

	Rigid Shaft
	At least 25% Above Rated Motor Speed

	Flexible Shaft
	Maximum of 85% of Motor Speed


Table 9.1.2  Critical Speed Offset Requirement

9.1.1.6
LIMITS

9.1.1.6.1
All electrical motors defined by NEMA Standard MG-1-1993 Section I "Classification According to Size,” Small (fractional), Medium (integral) and Large Machines, shall meet the following requirements:

9.1.1.6.1.1
The Velocity Amplitude (Inch/sec-Peak) of any line of resolution, measured at bearing locations (ref. Section 5) in any direction (ref. Section 4) shall not exceed the Line-Amplitude Band Limit values specified in Table 9.1 and graphed in Figure 9.1 when determined in accordance with Section 7.2.1 using the frequency range defined in Section 9.1.1.2.

9.1.1.6.1.2
The Acceleration Overall Amplitude (g's Peak) at bearing locations (ref. Section 5) in any direction (ref. Section 4) shall not exceed the Band-Limited Overall Amplitude Acceptance Limit values specified in Table 9.1 and graphed in Figure 9.1, when determined in accordance with Section 7.2.2 using the frequency range defined in Section 9.1.1 2.

	VELOCITY LINE-AMPLITUDE BAND LIMITS

	BAND


	FREQUENCY

RANGE (CPM)
	STANDARD

(INCH/SEC - PEAK)
	SPECIAL

(INCH/SEC - PEAK)
	PRECISION

(INCH/SEC - PEAK)

	1
	0.3 x RPM

0.8 x RPM
	0.04
	0.04
	0.02

	2
	0.8 x RPM

1.2 x RPM
	0.075
	0.04
	0.02

	3
	1.2 x RPM

3.5 x RPM
	0.04
	0.04
	0.01

	 4
	3.5 x RPM

8.5 x RPM
	0.03
	0.03
	0.01

	5
	8.5 x RPM

60,000 CPM
	0.03
	0.03
	0.005

	6
	60,000 CPM

120,000 CPM
	0.03
	0.03
	0.005

	

	ACCELERATION BAND-LIMITED OVERALL AMPLITUDE LIMITS

	 BAND
	FREQUENCY

RANGE (CPM)
	STANDARD

(g’s PEAK)
	SPECIAL

(g’s PEAK)
	PRECISION 

(g’s PEAK)

	1
	0.3 x RPM - 120k
	0.5
	0.5
	0.25


TABLE 9.1.3  Maximum Allowable Vibration Levels For Electric Motors

9.1.2. 
ELECTRICAL MOTOR CERTIFICATION

9.1.2.1 
The amplitude of vibration at bearing locations (Ref. Section 5) in any direction (radial and axial as defined in Section 4) shall not exceed the values listed in Table 9.1.

9.1.2.2 
Vibration signatures of velocity and acceleration, and a listing of the maximum peak velocity in each band for vibration measurements taken at position 1 horizontal, position 2 vertical, and position 3 axial shall be submitted as part of the motor certification. The data shall be identified with the Motor Serial Number, Frame Number, Model Number, Horsepower and Synchronous speed.

9.1.2.3
The motor nameplate shall carry the following designation:

	FOR STANDARD
	“0.075 IN/S MAX VIB 1X”

	FOR SPECIAL
	“0.04 IN/S MAX VIB 1X”

	FOR PRECISION
	“0.02 IN/S MAX VIB 1X”

	FOR OTHER *
	“____ IN/S MAX VIB 1X”


* per agreement by vendor and NASA Ames

Table 9.1.4  Motor Nameplate Vibration Data Requirements

9. 1.2.4 
Vibration data and signatures must be submitted with the motor to the NASA Ames Maintenance Engineering Department or other authorized representative before acceptance of the motor will be authorized.

9. 1.2.5 
Motors not meeting the certification shall be rejected.


[image: image11.wmf]
Figure 9.1  Maximum Allowable Vibration Limits for Electric Motors

SECTION 9.2

NASA AMES VIBRATION STANDARDS

FOR FANS​

9.2.1
FAN DEFINITION


All non-positive displacement air handling units including Induced Draft (ID) Fans, Forced Draft (FD) Fans, Overhung Fans, Centerhung Fans, Centrifugal, Vaneaxial, Tubeaxial, Blowers, etc.

9.2.2
BALANCING

9.2.2.1 
Permanently attached balancing weighs must be secured by welding, bolting, pop-riveted, or of a "clip-on" design.

(
If bolted, a hardened bolt must be used in conjunction with a mechanical locking device (e.g. lock washer or lock nut).

(
Clip-on" balancing weights can only be used on centrifugal type fans and must be located and attached 
on the ID pitch of the blades such that the rotational motion of the fan creates a positive seating of the "clip-on" weight against the fan blade.

(
Balancing weights and method of attachment must be stable at fan operating temperature, and of a 
material compatible with the parent material of the fan to which the balancing weight is attached.

NOTE:
THE USE OF STICK ON LEAD WEIGHTS IS NOT ACCEPTABLE

9.2.2.2
Any parent metal removed to achieve dynamic or static balance shall be drilled out in a manner which will maintain the structural integrity of the rotor or sheave.

9.2.2.3
Access to the fan rotor for field balancing shall be designed in to the system.

NOTE:
It is recommended that components (rotor, shafts, sheaves) be balanced individually and then trim balanced as a total assembly.

9.2.3
SHAFT TOLERANCE


Fan shaft diameter shall meet bearing manufacturer specifications for shaft tolerances.

9.2.4
RESONANCE

Natural frequencies of the completely assembled fan unit shall not be excited at the operating speed. (Running speed should be at least 25% removed from a natural frequency of the system.)

9.2.5
LIMITS

9.2.5.1
New and Rebuilt/Repaired Fans shall conform to the vibration limits specified in Table 9.2 when operating at specified system CFM and Fan Static Pressure.

9.2.5.2
The frequency range for fan certification shall be from Fmin = 0.3 X Running Speed of Fan to 60,000 CPM for velocity and to 120,000 CPM for acceleration.

9.2.5.3
For fan speeds up to 3600 RPM, the maximum velocity amplitude (inch/sec-Peak) of vibration at bearing locations (ref. Section 5) in any direction (as defined in Section 4) shall not exceed the Line Amplitude Band Limit values specified in Table 9.3 and graphed in Figure 9.2.1 when determined in accordance with Section 7.2.1 using the frequency range defined in Section 9.2.5.2.

9.2.5.4
For fan speeds up to 3600 RPM, the Band-Limited Overall vibration level of acceleration (g's Peak) at bearing locations (ref. Section 5) in any direction (as defined in Section 4) shall not exceed the Band-Limited Overall Amplitude Acceptance Limit values specified in Table 9.2 and graphed in Figure 9.2.2, when determined in accordance with Section 7.2.2 using the frequency range defined in Section 9.2.5.2.

9.2.5.5
Acceptance limits for fans running over 3600 RPM shall be specified by the purchaser.

	BAND
	FREQUENCY RANGE
	VELOCITY LINE AMPLITUDE BAND LIMITS

(INCH/SEC PEAK)

	1
	0.3 x RPM min

0.8 x RPM fan
	  0.04   DIRECT COUPLED

0.075   BELT DRIVE

	2
	0.8 x RPM fan

1.2 x RPM fan/motor
	0.075

	3
	1.2 x RPM fan/motor

3.5 x RPM fan/motor
	0.04

	4
	3.5 x RPM fan/motor

to Fmax = 60,000 CPM
	0.03

	
	
	ACCELERATION BAND LIMITED OVERALL

AMPLITUDE LIMITS

(g’s PEAK)

	1
	0.3 x RPM min

to Fmax = 120,000 CPM
	0.5

	RPM min = Lowest system speed (e.g. Belt speed if Belt Driven, Fan speed if direct drive coupled

RPM fan/motor = Fan or motor speed whichever is greater (IN/SEC)


Table 9.2  Maximum Allowable Vibration Levels For Fans


[image: image12.wmf]
Figure 9.2.1  Line Amplitude Acceptance Limits for Fans

[image: image13.wmf]
Figure 9.2.2  Band Limited Overall Amplitude Acceptance Limits for Fans

9.2.6
OTHER REQUIREMENTS

9.2.6.1
Variable speed or adjustable sheaves shall not be used in the final installation.

9.2.6.2
Drive sheave and driven sheave should differ in size by 20 % or more to avoid "beat" vibration
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SECTION 9.3

NASA AMES VIBRATION STANDARDS

FOR PUMPS​

9.3.1
Pumps shall be defined in two (2) categories:

•
Positive Displacement --including, but not limited to Piston, Gear, and Vane.

• 
Centrifugal

9.3.2
Operating Conditions

9.3.2.1
Non-cavitating non-separating condition.

9.3.2.2
No piping strain.

9.3.2.3
Shaft coupling aligned.

9.3.2.4
Straight suction pipe to pump. (Reference Hydraulic Institute Standard)

9.3.2.5
Certification shall be performed while pumps are operating within design specifications.

9.3.3
LIMITS FOR POSITIVE DISPLACEMENT & CENTRIFUGAL PUMPS

9.3.3.1
For purposes of Line Amplitude evaluations a "PUMPING FREQUENCY" (PF) band will be established. The PF Band will be centered on the Pumping Frequency (Number of pumping elements X Pump RPM). The band will extend + 2 lines of resolution on either side of the line of resolution containing the Pumping Frequency. (i.e. Bandwidth = 5 lines of resolution)

9.3.3.2
Excluding the lines of resolution contained in the Pumping Frequency (PF) Band, the Velocity Amplitude (Inch/sec-Peak) of any line of resolution, measured at bearing locations (ref. Section 5) in any direction (as defined in Section 4) shall not exceed the Line-Amplitude Band Limit values specified in Table 9.3. and graphed in Figure 9.3.1, when determined in accordance with Section 7.2.1 using the frequency range from 0.3 X Running Speed (pump RPM) to Fmax = 120,000 CPM (2,000 Hertz)

9.3.3.3
The Velocity Band-Limited Overall Amplitude (Inch/sec - Peak) at bearing locations (ref. Section 5) in any direction (as defined in Section 4) shall not exceed the Pumping Frequency Band Limited Overall Amplitude Acceptance Limit value specified in Table 9.3. and graphed in Figure 9.3.1 when determined in accordance with Section 7.22 using the frequency range from 0.8 X PF to 1.2 X PF.

9.3.3.4
The Acceleration Band-Limited Overall Amplitude (g's Peak) at bearing locations (ref. Section 5) in any direction (as defined in Section 4) shall not exceed the Band-Limited Overall Amplitude Acceptance Limit values specified in Table 9.3. and graphed in Figure 9.3.2 when determined in accordance with Section 7.2.2 using the frequency range from 0.3 X Running Speed to 300,000 CPM.

	LINE-AMPLITUDE BAND LIMITS

	BAND


	FREQUENCY

RANGE (CPM) 
	VELOCITY

(INCH/SEC - PEAK)

	1
	0.3 x RPM

0.8 x RPM
	0.04

	2
	0.8 x RPM

1.2 x RPM
	0.075

	3
	1.2 x RPM

3.5 x RPM
	0.04

	4
	3.5 x RPM

120,000 CPM
	0.03

	

	BAND-LIMITED OVERALL AMPLITUDE LIMITS

	BAND
	FREQUENCY

RANGE (CPM)
	ACCELERATION

(g’s PEAK)

	1
	0.3 x RPM - 300K CPM
	1.5g - POSITIVE DISPLACEMENT

1.0g - NON-POSITIVE DISPLACEMENT

	

	PUMPING FREQ.

BAND (PF)
	FREQUENCY

RANGE (CPM)
	VELOCITY

(INCH/SEC - PEAK)



	BAND 5
	5 Lines of resolution

centered on PF.
	0.075 PISTON

0.05 VANE


Table 9.3  Maximum Allowable Vibration Levels For Positive Displacement And Centrifugal Pumps

[image: image14.wmf]
Figure 9.3.1  Line Amplitude Acceptance Limits for Positive Displacement & Centrifugal Pumps
[image: image15.wmf]
Figure 9.3.2  Band-Limited Overall Amplitude Acceptance Limits for Positive Displacement & Centrifugal Pumps

9.3.4
VERTICAL MOUNTED PUMPS

9.3.4.1
Vertically mounted pump systems with a "Vertical Mount Height" greater than 5 feet will have an allowable increase in Velocity Amplitude Acceptance Limits in Bands 1, 2, and 3 of 5% per foot of "Vertical Mount Height" greater than 5 feet. (e.g. A 7 foot Vertical Mount Height would yield a 10% increase [(7 ft - 5 ft) x 5%/ft] in the Table 9.3.  A Velocity Amplitude Acceptance Limits specified for Bands 1, 2, and 3. Therefore the limit for Band 1 would be [0.4 Inch/sec + (0.4 Inch/sec x 0.1)] = 0.44 Inch/sec-Peak.

9.3.4.2
Vertical Mount Height is defined as the furthest measurable distance from the machine mounting to the end of the driver or the end of the pump, which ever is greater.
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SECTION 9.4

NASA AMES VIBRATION STANDARDS

FOR GEARBOXES

9.4.1
Gearboxes shall not exceed the Vibration Limits specified in Figures 9.4.1 and 9.4.2


[image: image16.wmf]
Figure 9.4.1  Line Amplitude Acceptance Limits for Gearboxes


[image: image17.wmf]
Figure 9.4.2  Band-Limited Overall Amplitude Acceptance Limits for Gearboxes
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SECTION 9.5

NASA AMES VIBRATION STANDARDS

FOR DEFAULT LIMITS

If Vibration Limit values are not available for the machine being considered, the Specification Limit shall (unless specified otherwise by the purchaser) default to the following:

9.5.1
NON-MACHINE TOOLS:


Non-machine Tools  shall not exceed the Vibration Limits specified in Table 9.5 and graphically illustrated in figures 9.5.1 and 9.5.2.

	VELOCITY LINE-AMPLITUDE BAND LIMITS

	BAND
	FREQUENCY

RANGE (CPM)
	VELOCITY 

(INCH/SEC - PEAK)

	1
	0.3 x RPM

0.8 x RPM
	0.04

	2
	0.8 x RPM

1.2 x RPM
	0.075

	3
	1.2 x RPM

3.5 x RPM
	0.04

	4
	3.5 x RPM

8.5 x RPM
	0.03

	5
	8.5 x RPM

60,000 CPM
	0.03

	6
	60,000 CPM

120,000 CPM
	0.03

	

	ACCELERATION BAND-LIMITED OVERALL AMPLITUDE LIMITS

	BAND
	FREQUENCY

RANGE (CPM)
	ACCELERATION

(g’s PEAK)

	1
	0.3 x RPM - 120K
	0.5



Table 9.5  Maximum Allowable Vibration Levels for Non-Machine Tools
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Figure 9.5.1  DEFAULT Line Amplitude Acceptance Limits for Non-Machine Tools

[image: image19.wmf]
Figure 9.5.2  DEFAULT Band-Limited Overall Amplitude Acceptance Limits for Non-Machine Tools

GLOSSARY
ACCELERATION:
The time rate of change of velocity. Typical units are ft/sec2 and g's (1 g = 32.17 ft/sec2 = 386 in/sec2 = 9.81 meter/sec2). Acceleration measurements are made with accelerometers.

Note: By international agreement, the value 9.80665 m/s2 = 980,665 cm/s2 = 386.089 in/s2 = 32.174 ft/s2 has been chosen as the standard acceleration due to gravity (g). ISO 2041 (1990)

ACCELEROMETER:
Transducer whose output is directly proportional to acceleration. Most commonly used are mass loaded piezoelectric crystals to produce an output proportional to acceleration.

AMPLITUDE: 
A measure of the severity of vibration. Amplitude is expressed in terms of peak-to-peak, zero-to-peak (peak), or rms. For pure sine waves only:

• Peak (P) = 1.414 x RMS

• Peak-to-Peak = 2 x Zero-to-Peak (Peak)

ANTI-ALIASING FILTER: 
A low-pass filter designed to filter out frequencies higher than 1/2 the sample rate in order to prevent aliasing.

ANTI-FRICTION BEARING: See ROLLING ELEMENT BEARING.

AVERAGE: The sum of the values of the measurements taken divided by the number of measurements taken.

BALANCE: When the mass centerline and rotational centerline of a rotor are coincident.

BALANCING: A procedure for adjusting the radial mass distribution of a rotor by adding or removing weight, so that the mass centerline approaches the rotor geometric centerline achieving less vibration amplitude at rotational speed.

BAND-LIMITED OVERALL AMPLITUDE For vibration level limits specified in terms of "BAND-LIMITED OVERALL 

AMPLITUDE LIMITS" the Total vibration level "A" in a band, as defined by the following equation, shall not exceed the Overall Amplitude Acceptance Limit specified for the Band



[image: image20.wmf]
A

=
Overall vibration level in the Band

Ai 

=
Amplitude in the ith line of resolution in the Band

(i = 1)
=
The first line of resolution in the Band

(i=N)
=
The last line of resolution in the Band

N

=
The number of lines of resolution in the Band

W

=
Window Factor (W = 1.5 for a Hanning Window)

BEATS: 
Periodic variations in the amplitude of an oscillation resulting from the combination of two oscillations of slightly different frequencies. The beats occur at the difference frequency. ISO 2041 (1990).

BEAT FREQUENCY: 
The absolute value of the difference in frequency of two oscillations of slightly different frequencies. ISO 2041 (1990)

BLADE PASS FREQUENCY (PUMPING FREQUENCY): 
A potential vibration frequency on any bladed machine (turbine, axial compressor, fan, pump, etc.).  It is represented by the number of fan blades or pump vanes times shaft rotating frequency.

CALIBRATION:
 A test to verify the accuracy of measurement instruments. For vibration, a transducer is subjected to a known motion, usually on a shaker table, and the output readings are verified or adjusted.

COMPLETE MACHINE: A complete machine is defined as the entire assembly of components, sub-components, and structure, which is purchased to perform a specific task(s). On a Complete Machine Assembly with all individual components operating in their normal operating condition, mode, and sequence, the Component Vibration Level Limits for the complete machine acceptance are the same as when the component is tested individually.

CRITICAL SPEED: The speed of a rotating system corresponding to a system resonance frequency.

DECIBEL (dB): A logarithmic representation of amplitude ratio, defined as 20 times the base ten logarithm of the ratio of the measured amplitude to a reference. dBV readings, for example, are referenced to 1 volt rms. dB amplitude scales are required to display the full dynamic range of an F Analyzer.

DISPLACEMENT: The distance traveled by a vibrating object. For purposes of this document, displacement represents the total distance traveled by a vibrating part or surface from the maximum position of travel in one direction to the maximum position of travel in the opposite direction (Peak-to-Peak) and is measured in the unit mil (1 mil = 0.001 inch).

DYNAMIC RANGE: The difference between the highest measurable signal level and the lowest measurable signal level that is detectable for a given Amplitude Range setting. Dynamic Range is usually expressed in decibels, typically 60 to 90 dB for modern instruments.

DYNAMIC MASS: To determine if the mass of the transducer is effecting the measurement, perform the following steps:


a.
Make the desired measurement with the accelerometer.


b.
Place a mass equivalent to the mass of the accelerometer adjacent to the measuring accelerometer.


c.
Repeat the measurement.


d.
Compare data from a. and c.


e.
If any differences (i.e. shift in frequencies) between a. and c. exist, then a less massive transducer should be



used in a.

FFT ANALYZER: Vibration analyzer that uses the Fast Fourier Transform to display vibration frequency components.

FFT (FAST FOURIER TRANSFORM): A calculation procedure which converts a time domain signal into a frequency domain display.

FIELD BALANCING: The process of balancing a rotor in its own bearings and supporting structure rather than in a balancing machine.

FFT (FAST FOURIER TRANSFORM): A calculation procedure which produces a mathematical relationship between the time domain and the frequency domain resulting in discrete frequency components from the sampled time data.

Flexible ROTOR: A rotor that deforms significantly at running speed. This term is used for rotors that operate close to or above their first critical speed. A rotor is considered flexible when its speed is more than 75% of its lowest natural frequency in bending.

FORCED VIBRATION: The oscillation of a system under the action of a forcing function. Typically forced vibration occurs at the frequency of the exciting force.

FREE VIBRATION: Vibration of a mechanical system following an initial force -- typically at one or more natural frequencies.

FREQUENCY: The repetition rate of a periodic event, usually expressed in cycles per second (Hertz -abr. HZ), cycles per minute (CPM), or multiples of rotational speed (Orders). Orders are commonly referred to as IX for rotational speed, 2X for twice rotational speed, etc. Frequency is the reciprocal of the Period.

NOTE: Vibration frequencies are expressed in Hertz (cycle per sec) or CPM (cycle per minute). Rotational speed (Running Speed) is expressed in RPM (Revolutions per minute).

FREQUENCY DOMAIN:  Presentation of a signal whose amplitude is measured on the Y axis, and the frequency is measured on the X-axis.

FREQUENCY RESOLUTION ((F):  ( f = (FMAX - FMIN)/# Lines of resolution. (f represents the minimum spacing between data points in the spectrum.

FMAX:  Maximum Frequency Limit of the spectrum being evaluated.

FMIN:  Minimum Frequency Limit of the spectrum being evaluated.

FREQUENCY RESPONSE: Portion of the frequency spectrum which can be covered within specified frequency limits.

g: The value of acceleration produced by the force of gravity. (32.17 ft/sec2, 386 in/sec2, 9.81 m/sec2).

GEAR MESH FREQUENCY: A potential vibration frequency on any machine that contains gears: equal to the number of teeth multiplied by the rotational frequency of the gear.

HANNING WINDOW:  A Digital Signal Analysis (DSA) window function that provides better frequency resolution than the flat top window, but with reduced amplitude

HARMONIC: Frequency component at a frequency that is an integer (whole number e.g. 2X. 3X. 4X, etc.) multiple of the fundamental (reference) frequency.

HI BANDPASS FILTER: A device that separates the components of a signal and allows only those components above a selected frequency to be amplified.

HERTZ (Hz):  The unit of frequency represented by cycles per second.

IMBALANCE: Unequal radial weight distribution of a rotor system; a shaft condition such that the mass and shaft geometric centerlines do not coincide.

INTEGRATION: A process producing a result that when differentiated, yields the original quantity. Integration of acceleration, for example, yields velocity. Integration is performed in an FFT Analyzer by dividing by 2(f where f is the frequency of vibration. Integration is also used to convert velocity to displacement.)

LARGE APPARATUS AC/DC MOTORS:  Reference NEMA Publication No. MG 1, Motors and Generators, Section III 

LARGE MACHINES:  Part 20. Induction Machines, Part 21. Synchronous Motors, and Part 23. DC Motors.

LINEAR NON-OVERLAPPING AVERAGE: An averaging process where each Time block sample used in the averaging process contains data not contained in other Time blocks (i.e. Non-overlapping) used in the averaging. Linear averaging is performed in the Frequency Domain, and each sample is weighted equally.

LINES: The total number of data points in a spectrum (e.g. 400, 800, 1600, etc.)

LINE AMPLITUDE LIMIT: The maximum amplitude of any line of resolution contained within a band shall not exceed the Line Amplitude Acceptance Limit for the Band.

LINE OF RESOLUTION:  A single data point from a spectrum which contains vibration amplitude information. The Line of Resolution amplitude is the Band Overall Amplitude of the frequencies contained in the (f Frequency Resolution.

MEASUREMENT POINT:  A location on a machine or component at which vibration measurements are made.

MICROMETER (MICRON):   One millionth (0.000001) of a meter. (1 micron = 1 x 10-6 meters = 0.04 mils.)

MIL: One thousandth (0.001) of an inch. (1 mil = 25.4 microns.)

NATURAL FREQUENCY: The frequency of free vibration of a system when excited with an impact force. (Bump Test).

ORDER: A unit of frequency unique to rotating machinery where the first order is equal to rotational speed. See FREQUENCY

BAND LIMITED OVERALL READING: The vibration severity amplitude measured over a frequency range defined by a FMIN and a FMAX​

PEAK:  Refers to the maximum of the units being measured, i.e., peak velocity, peak acceleration, peak displacement.

PEAK-TO-PEAK:  Refers to the displacement from one travel extreme to the other travel extreme. In English units, this is measured in mils (.001 inch) and in metric units it is expressed in micro-meter (M (.000001 meters).

PERIOD:  The amount of time, usually expressed in seconds or minutes, required to complete one cycle of motion of a vibrating machine or machine part. The reciprocal of the period is the frequency of vibration.

PHASE (PHASE ANGLE):  The relative position, measured in degrees, of a vibrating part at any instant in time to a fixed point or another vibrating part. The Phase Angle (usually in degrees) is the angle between the instantaneous position of a vibrating part and the reference position. It represents the portion of the vibration cycle through which the part has moved relative to the reference position.

PRECISION SPINDLE:  Spindles used in machining processes which require high accuracy, high speed, or both.

RADIAL MEASUREMENT:  Measurements taken perpendicular to the axis of rotation.

RADIAL VIBRATION:  Shaft dynamic motion or casing vibration which is in a direction perpendicular to the shaft centerline.

RESONANCE:  The condition of vibration amplitude and phase change response caused by a corresponding system sensitivity to a particular forcing frequency. A resonance is typically identified by a substantial amplitude increase and related phase shift.

RIGID ROTOR:  A rotor that does not deform significantly at running speed. A rotor whose parts do not take up motion relative to each other, i.e., all points move in the same direction at the same instant of time. A rotor is considered rigid when its speed is less than 75% of its lowest natural frequency in bending.

RMS:  (Root mean square) Equal to 0.707 times the peak of a sinusoidal signal.

ROLLING ELEMENT BEARING:  Bearing whose low friction qualities derive from rolling elements (balls or rollers), with little lubrication.

ROTATIONAL SPEED:  The number of times an object completes one complete revolution per unit of time, e.g., 1800 RPM.

SIDE BAND:  Equals the frequency of interest plus or minus one times the frequency of the exciting force.

SIGNATURE (SPECTRUM):  Term usually applied to the vibration frequency spectrum which is distinctive and special to a machine or component, system or subsystem at a specific point in time, under specific machine operating conditions, etc.

Usually presented as a plot of vibration amplitude (displacement, velocity or acceleration) versus time or versus frequency. When the amplitude is plotted against time it is usually referred to as the TIME WAVE FORM.

SMALL (FRACTIONAL) AND MEDIUM (INTEGRAL) HORSEPOWER AC/DC MOTORS:  Reference NEMA Publication No. MG 1, Section II SMALL (FRACTIONAL) AND MEDIUM (INTEGRAL) MACHINES. Part 12. Tests and Performance - AC and DC Motors. 

TIME DOMAIN:  Presentation of a signal whose amplitude is measured on the Y axis and the time period is measured on the X axis.

TRANSDUCER (PICKUP) -VIBRATION:   A device that converts shock or vibratory motion into an electrical signal that is proportional to a parameter of the vibration measured. Transducer selection is related to the frequencies of vibration which are important to the analysis of the specific machine(s) being evaluated/analyzed.

UNBALANCE:  See IMBALANCE

VELOCITY:  The time rate of change of displacement with respect to some reference position. For purposes of this document, velocity is measured in the units Inch per second-Peak.

NOTE: THE REFERENCE FOR MANY OF THE DEFINITIONS IN THIS GLOSSARY IS THE GLOSSARY FROM THE HEWLETT PACKARD PUBLICATION "EFFECTIVE MACHINERY MEASUREMENTS USING DYNAMIC SIGNAL ANALYZERS," APPLICATION NOTE 243-1
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A = Key length as used for balancing this rotor



       (usually in the form of a “half depth”







B = Key length as used for balancing the attached



       rotor (such as coupling half, pulley, fan, etc.)
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       rotors keyway length at its hub.
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