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l.l INTRiODUCTIONs Only i ►ith perfect splines een~the theor.etical tooth thiclmess, 
dimensions (over pina or otherwise)~ gages~ and the resultant fit~ be in 
complete agreement. In actual practice, the errors are relatively large and 
the discrepa.ticies are troublesome. If tooth thickneas on the shaft and space 
width in the hole axe correet~ then a~y errors of form or spacing will inter- 
fere unless the errors of both members match exactly, which is improbable. 
An imperfectly splined shaft, if snug in a ring gage~ is necessaril;; under- 
eize at all except the fe~r points of contact; likewise an internal apline 
that fits its piug gage must be ov~rsize at most points; the two parts then 
~rill almost certainly Yit together looser than predi:cted by the gages. Note 
that, in ~eneral the actuel fit vPill be tighter than predicted by measurements 
over pins~ or by aalipers, but looser than inciicated by plug and ring gages; 
and the discrepancy will be of the same order of ma.gnitude as the errors. For 
these reasons~ the plug gages must be undersize and the ring gages fitted to 
representative master plugs in order to control parts more satisfactorily 
rrithin specified dimensions. Note also that the plug and ring gages covered 
herein are not suitable for checking i.ndividual tooth or space dimensions. For 
that purpose special methods are necessary~ usually invnlving airect measure- 
menta over pins~ wi.th calipers or by specialized apparatus. Enternal spline 
elements are easier to produce, control and check than internal splines. For 
thia reason, the "Go a  and "Not Go" ririg gages are customarily made to fit the 
master plug gages. 	 . 

1.2 PRAllIICTION GAGING: The gaging practice presented in this ARP 179 employing 
plug arid ring gages is intended to find the greatest application to the 
gaging of splines iri quantity production rrhere the cost of the recommended 
gages aaa be ~ustified. For suggestiona regarding gaging on experimental 
parts or in sme11 quantity manufacturing, aee Section 7. 

2. GAGE TOQTH NO~ICLATURE: 

2.1 Figure 1 ahows a tooth diagram of a ring gr~ge. The varioua elements of Lhe 
tooth are illustrated and defined. 

2.2~ F'igure 2 showa a tooth dia.gram of a plug gage. The various elements of the 
tooth are illustrated and defined. 

3, BASIC GAGE TOOTH PRfJPORTIONS: 

3.1 Table 1 ahows the basic ga.ge tooth proportions. The "Go" gage must check the 
part to the true inaolute form diameter. If an involute clearance (aee 
Figure 3) has been added (on an internal spline) or subtracted (on an external 
spline~ the addendum of the "Go~ g~.ge must be increased by the-same amount in 
order to check to the tr~.:e involute form diameter of the part. 

3.2 Figure l~ sho~^rs the relationship of the ring gage to the exter~al spline it is 
to check. 	~ 	~~~ ~-,~ ~ ~ ~' 	~~ - 	,~.,-,- 	f , ,. ~ r • ~ 

~~~'~ 	~ `~ ~ "w ~' ~= 	t~~EJ~~:~ ~,~~'~ ~ i;s~i f ,~.~<< v 

~ 	~'~~ ~~ ~ ~ 	~~ g ~: :.~~U G~ G~d~,l~~r;L a~ 
r ►u 	s~ ~ r r w H [~ ~a Mr ~~ ~q1~ 	 ~ ~;~~.~ ~ 	~ 
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303 Figure 5 shows the relationship of the plug gage to the internal spline it 
is to check. 

~•4 The true involute form diameter of the "Go" snd ~~Not-Go".:ring gages is equal 
to the maximum outside diameter of the part to be ehecked. It is desirable~ 
ho~rever, to have the true form diameter of the ring gages equal to the ma.ximum 
outside diameter oP the part plus an involute clearance in order to provide 
for permissible eecentricity of the outside dia.meter of the external apline. 
See FYgure 3 on Page 8. 

3.5 The true involute form diameter of the "Go^ ~nd "Not Go n  plug gages is equal 
to the minimum inside diameter of the part to be checked. It is desirable~ 
hovrever, to have the true form dia.meter of the plug gages equal to the tnini.mum 
inside diaureter of the part minus an involute clearance in or~aer to provide 
for permissible eccentricity of the insid'e diameter of the internal spline. 
See Figure 3 on Page 8. 

3•6 The maaimum inside diameter of the ^Go" ring gage and the minimum outside 
die.meter of the ^Go n  plug gage ane the same as the true involute form diameter 
of the part t,o be checked, ~+ith involute clearance if desired. 

3•7 A"aot Go" gage, to be effective, can check but one element. R^Not Go" gage. 
a~ade to cheek the ehordal tooth thiclmess or chordal space at the pitch 
diameter ia usually aufficient for practical pnrposes. In order that the 
"Not Go" gage may check at the pitch aiameter, for practical ~purposes, a 
ehort addendum is provicled so that the inside diameter of the nl~ot Go~~ ring 
gage is greater than the inside diameter of the "Ga" ring gage~ and the 
outside diameter of the ^Not Go" plug gage is less thar! the outaide diameter 
o~ the ^Go" plug gage. The addendum of the "Not Go" gages shall be approxi- 
mately 2/3 of the addendum of the part. (See Figures 1~ and 5). 

3• g  The true injrolute form diameter of t,he master plug gage is equal to the 
minimum inside diameter of the ring gage ~i.nus sn allo~:ance re~uired in the 
manufacturing of the ring gage. 

3.9 The minimum outside diameter of the master plug gage use~3 to check the n~n 
and the "Not Go" ring g~e is equal to the mAA~~~m outside aiarueter of the 
part. (Master plug gages ma~ also be truncated to determine the wear of the 
ring gage.) 

3.10 The amount of wear allo~ance sha11 be depencient on the tolerance of the ~art 
to be gaged. A Rear a11o:~ance of .0 p03 has been incorporated in Tables 5 and 7 

4. TQL__ FRANCES: 

4.1 Table 2 shows the following tolerances for the plug gage: 

a. Chordal tooth thiclmess tolerance. 
b. Involute tolerance. - 
c. Spacing tolerFince bet~seen a~y 2~,djacent or non-ad~acent teeth. 
d. T~~tal of tv~ice the positive involute tolerance plus the spac~.ng 

tolerance between an;~.~ actjacent or non-adjacent teeth. 

r -~ 

~ _i 

_ ' ~, 
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4•~ Table 3 shows the following tolerances for the ring gage; 

a. Involute tolerance. 
b. Spacing tolerance between any 2 ad~acent or non-adjacent teeth. 

4•3 Table 4 sho~rs the following tolerances for.the master plug gages: 

8. Chordal tooth thickness tolerance. 
'~. Involute tolerance. 
c. Spacing tolerance between aqy 2 adjacent or non-adjacent teeth. 
d. Total of twice the positive involute tolerance plus the spacing 

tolerance between any 2 adjacent or non-ad3acent teeth. 

4•4•1 The chordal tooth thiclmess tolerance shown in Tables 2 and 4 applies to 
the chordal thiclmess specified in 2ables 5~ 6, 7 and 8. 

4•4•2 The involute tolerance shown in Tables 2, 3 anc~ 4 is the amount that the 
profile ma.y deviate from the true involute form. All errors in profile 
in the direction of the tooth shall be called negative and all errors i.n 
profile in the direction of the space shall be called positive. (See 
Figures 6 and 7.) 

4•4•3 Spacing tolerance between at~y tv~o ad~acent or non-ad3acent teeth as shown 
i.n Tables 2, 3 and 4 denotes the maximum cumul~tive tooth to tooth spacing 
error. The tooth to tooth spacing error is the amount any tooth ~raries 
from the theoretical. spacing in relation to an ad3acent tooth. 

4•w•4 Figures 8 a.nd 9 tend to show that spacing errors~ whether positine or 
negative~ will have the same effect on the part to be checked. Figure g 
aud 9 are sketches of a theoretical perfect part and a ga.ge wi-t,h a per- 
missible error i.ntroduced to sho~r the effect of tk~is error on the part. 
In Figure 8, if one tooth of the gage has a negative error in spacing, the 
chordal space of the part will be increased by the amount of error i.n 
spacing as shown. All, the chordal spaces of this part must be at least 
as large as the space mentioned a~one or the g~.ge v~ould fit in onl; one 
position. In Figure 9~ one tooth of the gage has a positive error in 
spacing. If this positive error is e ual to the negative error in Figure 8, 
it can easily be seen that a part checked b the gage in Figure 8 could 
also be checked by the gage in Figure 9. y 

4 •4•5 In Figure 10 is shown a graphical record of the s~~acing errors. In t~ie 
example plotted, the spacing error between any two teeth is equal i;o .0003. 

4•4•6 The total of twice the poaitive involute tolerance plus the spacing ~t,alerance 
between az~y 2 adjacent or non-ad~acent teeth, as shovm in T~.bles 2 and 4, 
is tYie maximum awount of ir,terference error a1lo~ved not only by the accunu- 
lation of spacing and involute tolerances, but also for out of roundness 
and lack of parallelism. These latter errors, though not tabulated, will 
exist, but Colw-~n 5 of Tables 2 and 1~ restricts the maximum effect on 
chordal thickr~ess due to probable accumulated errors. 
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5. DIffiENSIONS FOR GAGES: 

5.1 	The plug gages shaTl be undersize as follo~va: 

~ . ,~ 

. ~' 

5.1.1 The chordal tooth thickness of the "Go" plug gage shall be equal to the 
minimum chordal space of the part to be checked mi.nus the sum of the spacing 
error and twice the positive involute tolerance. To this vaZue is then adcied 
a.0003 wear allorovt~nce. The chordal tooth thicl~eas of the "Go" plug gage 
sha11 have a positive tolerance. See Tables 2.and 5. 

5.1.2 The chordal tooth thickness of the "Go" plug gage sha11 be a1lo~sed to wear 
until the chordal tooth thicirness of the gage is equal to the minimum chordaJ. 
space of the part to be checked minus the sum of the spacing error and tvrice 
the positive involute tolerance. This a11oRS the gage a wear allowance of 
.~J003. See Table 5. 

5.1.3 The chordal tooth thickness of the "Not Go" plug gage shall be equa.l to the 
maximum chordal space of the part to be checked minus the sum of the spacing 
error and tvrice the positive involute tolerance. See Tables 2 and 6. The 
chordal tooth thicl~ess of the TMNot Go" plug gage shall have a positive 

~ tolerance. 

5.1.k 3'he follocRing example shows the method of determi.ning the chordal tooth 
thickness of a plug gage: 	 ` ~ 

. , 
Spline - 16 teeth~ 8~16 dia.metral pitch~ fit .002 to .006 looae~ 

ehordal space .1960 -.1980~ pitch aiameter 2.0000 

"Go" Plug Ga~e 

Minimum chordal space of part 
Spacing error (Table 2) 	 .0002 
Twice positive involute tolerance (Table.2) +.0002 

~~~ 

~leax allowance 
Minimum chordal tooth thickness of gage 
Tooth thickness tolerance (Table 2) 	+.0002 
Chordal tooth thieknesa of "Go" plug gage 

The "Go n  plug gage sh~11 be allo~red to wear to .1956 

.1960 

-.0004 

.1956 
+.Q00 

•1959 

.1959-.1961 

"Not Go" Plu~ Ga~e (See Table 6) 

~aximum chordal space of part 

ABinimum chordal tooth thiclmess of gage _ 
Tooth thickness tolerance (Table 2) 	+.0002 
Chordal tooth thickneSS of "Not Go" plug gage 
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5•2 The size of the ring gage shall be established as follows: 

5.2.1 The "Go" rittg gage shall be ma.de to fit a master plug gage~ the chordal 
tooth thic]Qiess of which sha11 be equal to the mAZimnm chordal tooth 
thiclmess of the part to be ch~cked minus .0003 (wear s11o•+~ance) and minus 
.0002 (chordal space tolerance or fitting allowance for the "Go M  ring 
gage). See Figure 11. The chordal tooth thiclrness of the master plug 
gage for the pGo p  ring gage shall have a negative tolerance. See Table 
1~ ar~d Figure 11. 

5•2•2 The "Go" ring gage shall be allowed to wear until it fits a master plug 
gage, the chardal tooth thiclQiess of uhich shall be equal. to the mAZi m~~m 

chordal tooth thiclmess of the part to be checked. The tolerance on thia 
tooth thiclmesa is negative, as stated above. See Figure 11. 

5•2•3 The "Not Go" ring gage shall be me.de  to Pit a master plug gage, the chordal 
tooth thickness of which shall be equal to the minimum chordal tooth thick- 
ness of the part to be checked. The spacing tolerance or fitting allowance 
for the "Not Go" ring gage shsli be +.0002. See Figure 12. The chordal 
tooth thickness of the master plug gage for the "Not Go" ring gage shall 
have a negative tolerance. See Table 4 and Figure 12. 

5•2.4 The following example showa the method of determining the chordal space 
of a ring gage made to fit a master plug gage: 

Spline - 16 Teeth~ 8/16 diametral pitch, pitch diameter 2.0000 
chordal tooth thiclmeas .1920- .1940 	- 

"Go" l~aster Plu~ Ga~ze 

~Yi ~~m  cho~'dal tooth th3Clmess of pa2`t 	 .1940  
Wear alloe~ance 	 -.Opp3 

.1937 
Fitting allovrance for the "Go" ring gage 	 -.0002 
Maximum chorda7. tooth thic}mess of gage 	 .1935 
Tooth thicl~ess tolerance (Table 4) 	 -.0002 
Chordal thiclrness of gage at Section B-B~ Figure 11 	.1933-.1935 
Chordal thickness of gage at Section A-A 	 .193g- •1940 

The "Go~ ring ~age shall be made to fit these master plug dimensions. 

"Not Go" Master Plu~ G~e 

ldinimum chordal tooth thiclmess of part 	 .1920 
Tooth thickness tolerance (Table 4) 	 -.0002 
Cho~•dal thiclrness of gage at Section D-D~ Figure 12 	.1918-.1920 
Fitti.ng alloc~ance for the "Not Go" ring gage 	 .0002 
Chordal thicl~ess of gage at Sectibn C-C~ Figure ].2 	.i9za .1922 

The "Not Go" ring gage shall be made to fit these master plug di.mensions. 

5•3 Tables 9 thru 22 give gage dimensions with tolerances as calculated from 
the ~asic g&ge tooth dimensions specified in Table 1. 
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6. TOLERANCES AND AI,LOVPANCES: The values listed in Tables 2, 3, 4, 5 a~d 6 are for 
average conditions and may be altered for very close or liberal part chordal 
tolerances. 

7~ GIGING S~IALL QIIAAiTITIESs 	 ~ 

7.1 ~'or experimental parts or small quantit3~ manufacturing~ the cost or time for 
obtaining complete plug and ring gages may be unjustifiab]~e. It is like2y 
to be of undiminished i.mportance that the desired spline fit be obtained 
but it may be possible to sacrifice a certain amount of intercha.ngeability. 
Gaging in some accurate manner is therefore still a necessity. Measurements 
over pina or with calipers are ixiconvenient and can give the difficulties 
from localized tight fitting referred to in 1.1. Two alternatives are 
often practiced. Since the external spline can be made and checked~(W'ith 
pin~ or otherwise) more easily~ the external spline is finished first and then 
used as a plug gage for gaging the internal splines i.n the ma.ting part. A 
aeeond procedure.is to cut a minimum number of gages frora soft steel and to 
use these in an unhardened condition for the fe~s parts required. ~here a 
magnifJing comparator is available, it may also provide a convenient xay of 
checking small numbers of splines ~farts. 

7.~ For gaging moderate quantitiea~ it is possible to use "Go" spline plug and 
ring gages on1Sr , and to.control the ~~Not Go" limits either by pin measurements 
or backlash ehed~ vrith the "Go~~ ~pline gages. 

~ 
. ; 

~ ~ 

~~ 

~~ 

~~ 
~ 
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FIG. I 	I 	IQ 
RING GAGE 	 I 

~ 
~ ~ 

. ~..,. .. 	~ ~.~.~.i~ 	...~~ ir-~r~ 

PLUG GAGE 	AND DEPTH 
OPTIONAL 

A =ADDENDUM 	 WDe = WORKING DEPTH B = ADDENDUM OF P1~RT 	 OD = OUTSIDE DIAMETER GP t GiRCULAR PITCH 	 I D = INSIDE DIAMETER 
ChS=CHORDAL SPACE (~ING) 	PD=PITCH DIAMETER 

Ch T T= CHORDAL TOOTH THtCKNESS~ 
~ 	( PLUG) 

TIF = TRUE INVOLUTE F'ORM DIAMETER 

GAGE NOMENCLATURE 

r _. 
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THIS FIGURE I LLUSTRATES DATA PERTINENT TO INVOLUTE 
CLEARANCE ON SPLINES. WHEN PARTS ARE MADE WITH 
THIS CLEARANCE, THE ADDENDUM OF THE "GO" GAGES 
MUST. BE INCREASED BY THE AMOUNT OF THIS CLEARANCE _ 

.~ 
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TA.i3LE 1 

B~':SIC G~ G~ TOOTH PROPOP,TIOAIS 

DIAIl~TR~L CIPCULl?R TYP~ ADDENDUb4 OF ADDEN~UM OF V~ORI~li~G 
PITC_H PITCH GAGF G~1GE EKCEPT PART AND DEPTfi 

MASTER PLUG GAGE ~fASTuR PLUG GiiGE 

2.5/5 1.z566 Go .~000 .~000 .w000 
NOT GO .?333 .:000 .3333 

3/6 1.0:.72 GO .1667 .I667 .3333 
NOT GO .11ll ..16b7 .~77$ 

4,/8 .7854 ~ .1250 .i~50 .2500 
NOT GO .0833 .1~50 .;083 

5/l0 .6zg3 co .i000 .ZOOO .z000 
NoT Go .0667 .~000 .1567 

~ 	6/12 .5236 GO .0~33 .0833 .1667 
NoT Go .055~ ,oq33 .13g9 

8/16 .3927 Go .0625 :06~:5 .1250 
NOT GO .Ol+].7 .0525 .101,2 

l0/20 .311~2 GO .0500 .0500 .1000 
NOT GO .0333 .0500 .0833 

` 12/2l. .2618 Go .0~;17 ~ 	.0.;.1.7 .Og33 
NOT GO .027$ .04.T7 .0591~ 

16/32 .19b3 Go .031.2 .0312 '.0625 
NOT GO .0208 .0312 .0521 

20/40 .15?1 G0 .0250 .0250 ~.0500 
NOT GO .0157 .0250 .0%l7 

z4,/4g  •1309 Go . 0208 .0~0~ .O1,.17 
NOT f~ . 0139 .0~08 .0347 

32/64 .0982- Go .0156 .0156 .o31z 
NOT GO .0104 .0156 .~250 

40/80 .0785 GO .0125 .0125 .0250 
NOT GO . .0083 ~ 	.0125 .020$ 

4g/96  .ob54 G~ .0104 .O1Q~: .oz08 
NOT GO .0069 .OI04 .0174 

The "GO" Gag~ must- check the part to the true involute form diameter. 	The. 
addendum of the "GO" GageS and suUseqµently the working depth~ must be increased 
Rhen involute c2eara.nces are required on the part, in order to check to the true 

- involute form diameter. 
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