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FORWARD

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

· Maximize part quality, machine productivity 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 BALANCE 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 balance quality specified by the user and acknowledged by the contractor establish a common goal of acceptability by both parties. Such quality also enable contractors to provide evidence of the superiority and build integrity of their product.
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NASA AMES RESEARCH CENTER

BALANCE 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 balance grades 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 balance characteristics of a machine for certification and acceptance.

2.0
SCOPE

This standard establishes acceptable quality for balance of new and rebuilt rotating machinery and equipment purchased by  NASA Ames Research Center.

3.0
BALANCE REQUIREMENTS

3.1
DEFAULT BALANCE SPECIFICATION

If no other limit is specified, the vibration criteria listed in Table 1 will be used for acceptability of the machine in question.  The vibration criteria are for the vibration amplitude at the fundamental rotational frequency or one times running speed (1X).  This is a narrowband limit.  An overall reading is not acceptable.  

	Shaft Speed (RPM)
	Maximum Vibration

(in/sec, Peak)
	Maximum Displacement

(mils, Peak-to-Peak)

	
900
	
0.02
	
0.425

	
1200
	
0.026
	
0.425

	
1800
	
0.04
	
0.425

	
3600
	
0.04
	
0.212



Table 1. Default Balance Specifications

3.2
BALANCE CALCULATION 

Table 2 provides the ISO1940/1-1986 balance quality grades for various groups of representative rigid rotors.

	Balance Quality Grade
	Product of The Relationship

(eper x ()1,2
mm/s
	Rotor Types—General Examples

	G100
	100
	Crankshaft/drives of rigidly mounted fast diesel  engines with six or more cylinders4
Complete engines (gas or diesel) for cars, trucks, and locomotives5

	G40
	40
	Car wheels, wheel rims, wheel sets, drive shafts

Crankshaft/drives of elastically mounted fast four-cycle engines (gas or diesel) with six or more cylinders

Crankshaft/drives of engines of cars, trucks, and locomotives

	G16
	16
	Drive shafts (propeller shafts, cardan shafts) with special requirements

Parts of crushing machines

Parts of agricultural machinery

Individual components of engines (gas or diesel) for cars, trucks and locomotives

Crankshaft/drives of  engines with six or more cylinders under special requirements

	G6.3
	6.3
	Parts of process plant machines

Centrifuge drums

Fans

Flywheels

Pump impellers

General machinery parts

Medium and large electric armatures (of electric motors having at least 80 mm shaft height) without special requirements

Small electric armatures, often mass produced, in vibration insensitive applications and/or with vibration isolating mountings 

Individual components of engines under special requirements

	G2.5
	2.5
	Rigid turbo-generator rotors

Turbo-compressors

Medium and large electric armatures with special requirements

Small electric armatures not qualifying for one or both of the conditions specified for small electric armatures of balance quality grade G6.3

Turbine-driven pumps

	G1
	1
	Grinding-machines drives

Small electric armatures with special requirements

	G0.4
	0.4
	Spindles, disc, and armatures of precision grinders

Gyroscopes


Table 2.   Balance Quality Grades for Various Groups of Representative Rigid Rotors (ISO 1940/1-1986)
3.3
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.
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Figure 1  Balance Test Key Dimension

3.4
BALANCE WEIGHTS:

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

3.4.1
If bolted, a hardened bolt must be used in conjunction with a mechanical locking device (e.g. lock washer or lock nut).

3.4.2
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.

3.4.3
Balancing weights and method of attachment must be stable at equipment 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.

3.4.4
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.

3.4.5
Access to any fan rotor for field balancing shall be designed in to the system.

NOTE:  IT IS RECOMMENDED THAT COMPONENTS (ROTOR, SHAFTS, SHEAVES, ETC.) BE BALANCED INDIVIDUALLY AND THEN TRIM BALANCED AS A TOTAL ASSEMBLY.

4.0
MACHINE QUOTATION, CERTIFICATION, AND ACCEPTANCE

4.1
QUOTATION

4.1.1
The Quotation shall specify that the equipment will meet the applicable balance quality of this Specification - or the balance quality (if different from  NASA Ames Research Center Specification B1.0 ​ Latest Version) specified by the purchaser in the "Request for Quote."

4.1.2 
The Quotation shall state the applicable specification balance quality being quoted.

4.1.3
Any additional costs required to meet the specification quality shall be grouped in a separate section of the Quotation and titled "BALANCE QUALITY".  Costs must be itemized and sufficiently detailed to permit a complete evaluation by the Purchaser.

4.2
MEASUREMENT REQUIREMENTS FOR MACHINE CERTIFICATION

4.2.1 
Balance measurements shall:

4.2.1.1
Be the responsibility of the supplier unless specified otherwise by the purchaser.

4.2.1.2 
Be performed by technically qualified person who is trained and experienced in machinery balancing.  The technical qualifications of the person doing the balance certification shall be submitted as a part of the machine balance certification data.

4.2.1
Be submitted to the  NASA Ames Research Center or other authorized representative before acceptance of the machinery or equipment being purchased will be authorized.

4.2.3 
Balance quality for machine certification shall be measured prior to "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 balance quality.

4.2.4 
The purchaser shall have the option to verify balance quality of equipment during machine "run-off' at the vendor's test site prior to shipment - or at the plant site per Section 4.2.3 - prior to final acceptance authorization.

4.3
ACCEPTANCE


Authorization for machine/equipment acceptance based on the balance quality 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.

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)

ACCESSIBLE:  The ability to reach and adjust the aligning feature.  Consideration should be given to confined space restrictions, removing guards, bushing plates, hydraulic lines, lubrication lines, electric lines etc.

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)

BALANCE: When the mass center line and rotational center line 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.

CALIBRATION:
 A test to verify the accuracy of measurement instruments.

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 Balance Quality for the complete machine acceptance are the same as when the component is tested individually.

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).

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

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.

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).

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.

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.

LEVEL:  Parallel to a reference plane or a reference line established by a laser.
MACHINE:  The total entity made up of individual machine components such as motors, pumps, spindles, fixtures, etc.  Also reference MACHINE COMPONENT.

MACHINE COMPONENT:  An individual unit such as a motor, pump, spindle, fixture, etc. often referred to as a machine in its own context.
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.)

N.I.S.T. :
National Institute of Standards and Technology



Building 304, Room 139



Gaithersburg, MD  20899



301-975-3503

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

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).

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.

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

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. 

TOLERANCE VALUES:  Maximum allowable deviation from the desired values, whether such 
values are zero or non-zero.

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.
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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.)



       This is determined by measuring the attached.



       rotors keyway length at its hub.
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Final Key Length







(A+B)/2
















































































































