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Is there an industry standard for surface plate accuracy?

Most manufacturers use Federal Specification GGG-P-463¢
(Granite Surface Plates) as a basis for their specifications.
A new replacement specification (ASME B-89.3.7) is nearing
publication at present, but it will incorporate most elements of the current specification.

Copies of GGG-P-463c¢ can be obtained from:

Federal Supply Service Bureau - Specification Section
Suite 8100 - 470 E. L'Enfant Plaza Southwest
Washington, DC 20407

Federal Specification GGG-P-463¢ for Granite Surface Plates: The current industry
standards for granite surface plates. This specification covers all critical aspects of
precision granite surface plates, including: Material properties, dimensional tolerances,
acceptable methods of calibration, grades of accuracy, and flatness tolerances for each,
surface texture, support points, packaging, certification, etc. All of our products are
manufactured and certified to meet or exceed the requirements of this specification unless
the customer specifically requests otherwise.

Flatness: Flatness, as defined by Federal Specification GGG-P-463c is: All points on the
surface lie between two parallel planes, separated by X' distance, where X' is the overall
flatness tolerance. (paraphrased from para. 3.3.4) This is a unilateral tolerance, not a
plus/minus tolerance. Occasionally, flatness will be defined as: deviation from a mean
plane. Tolerances stated in this way are plus & minus, as opposed to unilateral. GGG-P-
463c:

Which is more important: flatness or repeat measurements?

Both are critical to insure an accurate surface. As stated above, a flatness specification
alone is not sufficient to guarantee measurement accuracy. Take as an example, a 36 X
48 Inspection Grade A surface plate, which meets ONLY the flatness specification of
.000300" If the piece being checked bridges several peaks, and the gage being used is in a
low spot, the measurement error could be .000300"! Actually, it can be much higher, as
the gage could be resting on the slope of an incline.

Errors of .000600"-.000800" are possible, depending upon the severity of the slope, and
the arm length of the gage being used. If this plate had a Repeat Measurement
specification of .000050"F.LR. then the measurement error would be less than .000050"
regardless of where the measurement is taken on the plate. Another problem, which
usually arises when an untrained technician attempts to resurface a plate on-site, is the
use of Repeat Measurements alone to certify a plate.
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The instruments which are used to verify repeatability are NOT

designed to check flatness. When set to zero on a perfectly curved

surface will continue to read zero, whether that surface is perfectly flat,

or perfectly concave or convex 1/2"! They simply verify the uniformity

of the surface, not the flatness. One instrument used for the standard

repeat reading gage used in the industry today, is called the Repeat-o-Meter. Two
different instruments are required to certify a plate for flatness and for repeatability. For
flatness, an autocollimator, laser, differential levels, or a Planekator are recommended.
For repeatability, a Repeat-o-Meter, or a height gage with a five inch arm can be used.
Only a plate which meets both the flatness specification AND the repeat measurement
specification truly meets the requirements of Federal Specification GGG-P-463c.

Repeat Measurements: (Also: Repeatability) The second part of the accuracy
specification for surface plates. The repeat measurement specification insures that errors
in measurement due to surface variations are held within acceptable limits, regardless of
where they are taken on the surface of a plate.

What does Repeat Measurement' mean? Isn't it the same as flatness?

The Repeat Measurement specification states that a measurement taken anywhere on the
surface of a plate will repeat within the stated tolerance. This is NOT the same as
flatness. The flatness specification state that all points on the surface shall lie between
two parallel planes separated by “X” distance, where “X” is the flatness tolerance.

The flatness tolerance alone does not guarantee that accurate measurements can be taken
on a plate, since the surface can consist of peaks and low spots equal to the full flatness
tolerance. If the piece being checked bridges several peaks, and the gage rests in a low
spot, then the measurement will have an error equal to the full flatness tolerance of the
plate. If the gage rests on a slope, the error can be even greater than the full flatness
tolerance!

The Repeat Measurement specification guarantees that measurement errors due to
waviness of the surface are limited to the much tighter Repeat Measurement tolerance.
Because of the difficulty in producing a plate which meets both specifications, which
guarantees that measurements will repeat within .000025"F.LR. for Laboratory Grade
AA, .000050"F.LR. for Inspection Grade A, and .000100"F.I.R. for Tool Room Grade B.

What are the three grades of accuracy, and how are they defined?
The three standard grades of accuracy defined by the Federal Specification are:

(Tool Room) Grade B, (Inspection) Grade A, & (Laboratory) Grade AA. The flatness
tolerances for these grades are defined by the following formula:
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e Laboratory Grade AA = (40 + diagonal squared/25) x .000001" (unilaterc,
e Inspection Grade A = Laboratory Grade A4 x 2
o Tool Room Grade B = Laboratory Grade AA x 4.

For standard sized surface plates, we guarantee flatness tolerances which exceed
the requirements of this specification. In addition, Federal Specification
GGG-P-463c deals with such issues as: repeat measurement accuracy material
properties of surface plate granites, surface finish, support point location, stiffness,
acceptable methods of inspection, installation of threaded inserts, etc.

All mfg’s granite surface plates and granite inspection plates should meet or exceed all of
the requirements set forth in this specification. At present, there is no defining
specification for granite angle plates, parallels, or master squares.

How should my surface plate be supported? Does it need to be level?

To answer the second question first, if the plate is properly supported, precise leveling is
only necessary if your application calls for it. Leveling is not necessary to maintain the
accuracy of a properly supported plate. A surface plate should be supported at 3 points,
ideally located 20% of the length in from the ends of the plate.

Two supports should be located 20% of the width in from the long sides, and the
remaining support should be centered. Only 3 points can rest solidly on anything but a
precision surface.

The plate should be supported at these points during production, and it should be
supported only at these three points while in use. Attempting to support the plate at more
than three points will cause the plate to receive its support from various combinations of
three points, which will not be the same 3 points on which it was supported during
production. This will introduce errors as the plate deflects to conform to the new support
arrangement. Correctly constructed steel stands have support beams designed to line up
with the proper support points.

Many manufacturers and from we can determine, all imported brands will obtain and
guarantee the much looser Federal Specification tolerances. Many of the low value or
budget plates available in the market today will not guarantee repeat measurements at all.
A manufacturer who does not guarantee repeat measurements is NOT producing plates
which meet the requirements of Federal Specification GGG-P-463c.
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Length = 48"

A | 20-25%length

20% width

A=.25x48=12.0"
B=.20x24 =46
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Q 6.4 Can dizsbase surface plates be used accurately at
other than Gage Laboratory temperature?

A. Yex, il all necessary conditions ure met. However, these
condilions are dilficull 10 retain while lemperatuces are
constantly changing. A surface platc will be accurate ai
any temperature normally encountered, providing the plate
IS THE SAME TEMPERATURE OVER THE ENTIRI
SURFACE. and has the same gradient [rum top to butiom
as when inspected. Thus condition is often easicst met by
mamntaning Gage {aboratory controlled temperature, Tem-
porury distortions due to temperature chenges may be min
imized by ubserving the following:

1. Support surface plate on an open [rame-work stand.
s0 that soom air may circulate freely all about it Do nol
use on an insulated bench top.

2. Avoid dralts of varymg temperature which strike
part of the plate

3. Shiold from direct sunlight or other source of radiant
heat. [1 has been found that the radiaat hienl (rom a two-
tube 4 foot fluoresent light locaied 5 fect above o 4 fL. x
6 ft. surface plate cavsed the plate ta change towurd convex
000100 in & fect.

4 Clean with waterless paste cloanor to eliminate chil-
ling of the surface due 1o liquid evaporation.

S. The heat conductivity of granite is very slow. If
plate has been subjected to uncven temperature, Wlow plenty
of time for il to normalize. Days -- or even weeks - for
lurge plates under cxtreme conditions.

1 Resurfacing

Q 7.1 When should a surface plate be resuriacod?

A. Before, not after, a job hus been spoiled. The surest
way is to check the surface regulardy with s Rahn Repent-
O-Meter or measure a gage block wiath height gage sll over
the surface. Any variation in reading 13 3 measurcnent
error due to the plate.

Apply the rule of 1 to 10. Not more than (/10 the
Dlue print tolerance should be lost duc to measurcmont

Crrors.

Measurcments must
Repeat within:

——— e e - ——

It your Blue Print
Tolerance i§.

olo” 001"
005" 0005™
001" 0001"
005" 60005"
0002 | 00002"

i1 resurfucing is necessary specify:

Tool Reom Grade - 100 millionths Repest Measurement

Guarantee

Inspection Grade — 50 millionths Repeat Measurement
Guarantee

Laboratory Grade - 25 millionths Repeat Measurcment
d Guasrantec

Once or twice 3 year the plate should be checked lor flatl-
ness with a2 Rahn Plenckator or Autocollimator.

—> ¥ o i1 =N

Q 7.2 Wil cast iron surface plates. capped with a thi
granite top, give satifechory resufts?

A. No. The cast iron plaic will provide adequale suppo
for a thin gramite top i soldly bonded. However, (F
combinution will bow preatly duc 10 chonges in lemperatur
Granite has coelficient of thertmal expunsion 3.5 millwntl
inchiesfinch/19F,  Cost iron las coviicient of thermal e
pansion of 6 miflionths inches/m/1YF. 1 room femperstur
change 19F. (rum the temperature at which bonded.

3&" granite will clongate 108 millivaths
36" cast won will clongate 216 millwaths

With a 6™ lotal thickness, thiz onc degree lemperatur
change will bow the plate 31 mullionths. 1f the plate wa
bunded at 709F ., it wall becomy 000810 concave at 80°F
001620" cancave 31 90° and 002430 at 100°F,

These arc temperatures that will be encountercd 2n
place that dovs not bave gage lab controlied (evperatare
§f 2 surface plate manufacturer docs not know s buss
fact of suiface plates, he probahly may do the bonding a
almost any temperature snd may alsu introduce othe
stronscs.

8 Miscellaneous

8.1 How should a surface plate be supported?

A. Al only 3 points, profcrably located 1/S the length anc
width from the ends and sides. Only 3 supporl points car
sesl solidly on anything other than a precixion surface. The
surface should be supported only at these thiee points while
being lapped. and it should bo supported only al the sum
3 points when being used Any attempt to usc more than 3
points will cause the plate to receive 115 SUpport on variou:
combinations of three points, which probably will not be
the same 3 points at which it was suppurted while being
lspped, thus causing crrors.

Attempts to build up & multiple suppost with a syster
of levers, starting from 2 3 pinnt base, only causes the sur
face plate to bend moce under a given loud. A load on the
plote, directly over one end of a lever, will causc the op:
posite cnd of the lever 1o cxcrt an vpward thrusi on the
platc. Thus the plate will have upward and downwarc
forces excrted at vpposite cods of the lever. This causes
greater bending than would oceur if the plate rested on
only thsee supports. '

If greater stiffness is required in g surface plate. the
casiest and most economical method 1 1o ncrease the thick:
ness. A 26% increase in thickness will double the stilfness
while increasing the cost Jess than 10%

Diabase Js three times ax sUIT as any granite. Granile
should be 1.44 tmes as thick ax diabave in order 10 he

equally stiff.

Q 8.2 What is the best wey 10 clesn a granite surfaecs
plate?

A. Any method is satisfactory which will remove dirt ar.

not lesve o residue lilm (o ptug the tiny 6 to 12 millionths
alr gruaves in the surface. Seveeal kinds of dict plug these

Eroowes,



3 POINT SUPPORT SYSTEM

A} This depends on how the plate is being used. if possible, we recommend cleaning the plate at the
beginning of the day (or workshift} and agsin at the end. [f the plata becomes soiled, particularly with
olly or sticky fluids, it should probably be cleanad immediately.

The cholce of cleaning solutions is Important. if a volatile soivent is used (acetone, lmcquer thinnes,
alcohol, etc.) the svaporation will chill the surface, and distort it. in this cese, it Is necessary to allow

the piate to normalize befors using It, or measurement efrors will cocur.

The amount of time required for the plate to normalize will vary with the size of the plate, and the
amount of chilling. An hour should be sufficient for smaller plates. TWo hours May be needed for
larger pistes. If & water-based ciegner it used, there will aiso be some svaporative ¢hilling.

The plate will also retain the water, and this could cause rusting of metai pasis in contact with the
surface. Some cleaners will also leave » sticky resldue after they dry, which will trap alrbome dust, and

actually increase wear, rather than decreasing it.

The best cleaning agent for a granite surface piate is 2 non-water based paste clsaner, such ss Rehn
Waterless Surface Plate Clesner (available in 320z jars). This type of cleaner does not chill or distort
the plate. it will not rust metal parts, leaves no sticky residue, and it wiil desp claan the piste by
fioating smali abrasive particlos out of the pores of the stone.

Q16) How shouid my surface plate be supported? Doas it need to be jevel?

A) To answer the second question first, If the piate ls properly supported, preciee isveling is only
necessary if your application calis for it. Leveling Is not necessary to maintain the accuracy ofa
properly supported plate. A surface piats shouid be supported at 3 points, ideally located 20% of the

tength In from the snds of the plate.

Two supports should be located 20% of the width in from the long sides, and the remaining support
shoutd be centered. Only 3 points ¢an rest solidly on anything but a precision surface.

The piate shouid be supported at these points during production, and it should be supported cniy at
these three pointa while in use. Attempting to support the plate et more than three points wiil cause
the plate to receive its aupport from various combinations of three points, which will not be the same 3
points on which it was supported during preduction. This will intreduce errors as the plate deflects to
conform to the new support arrangement. Rahn welded steel stands heve support beams designed lo

Hne up with the proper support points.

Q17) Can granite surface plates be relapped on-site?

A) Yes, If they are not too badly worn. Generaily, If 2 plate is within .001” of the required tolerance, it
can .ba resurfaced on-site. if a plate I8 worn to the point where it isa more than .001" out of tolerance, or
if it is badly pitted or nicked, then It will need to be sent to the factory for grinding prior to relapping.

Great cars should be exercised in selecting &n on-site calivration and resurfacing technician. In recent
years, the numboer of indlviduais and companies offering thiz service has incressed dramatically. Many
rre poorty trained, and have little or no understanding of the instrumente they are using, or the
techniques necessary to echieve an accurate surface. Our technicians have decades of experience,
backed by our own S04 year reputation as the industry leader in top quality surface plates.

Before you allow your plates to be resurfaced or calibrated by an outside source, we suggest that you
ask for at least 3-§ referonces, and that you check those references. if at alf possible, ask for a
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3.2.5 Sypports. Unleas otherwise speci{lled, supporr of the purface plare shall be by threse fixed feet,
located eccarding teo figures 5 and 6 to support the work surlace properly, and to minimize sag and warp.
Vhen the three fixed supports have specisl requirements due Lo their locetion, abnormal losd snd/or vibra-
tion conditions, the supparts end their lacatlons ahell %a specified en the purchase order (see 4.2{(e) and

appendix 40).

3.2.5.1 Rectangular plares. The support padas shall be locsred no lese than ane-fifth or more than oune-
fourth of the length and vidth in frow the ends and sides, respectively, with the exception thal the single

pad at one end shall be located in the center (see figure 5).
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' FIGURE 5. Support leyout for ractangular surface plate,

3.2.5.2 Round plates. They shall be located st threcequally spaced positions on a circls with a radiug
of sppreximately 0.7 tadiue of the plaefe measured from the center of the hase surface (see figure 6).

REPLACEABLE
STICKER

VIGURE 6- Swpport layout for round nn-l'ue.o plata.
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