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FOREWORD

The Aerospace Industries Association (AIA) developed, in cooperation with machine tool
builders and users, standards of toolholder shanks and retention knobs for machining centers
with automatic tool changers. AIA/NAS 970 was first published in 1964. The objective of this

standardization effort was to reduce the large number of already existing tool shank configurations
pnd to prevent the creation of new ones. The toolholder shanks made by different machine toel
builders varied in the methods and in dimensional details of the gripping by the transfer mecha-
nism and retention in the machine tool spindle. The resulting lack of interchangeability, éreated
problems of maintaining large toolholder inventories. The AIA standard covered a series of
straight and tapered shank toolholders, but the standard never found wide accéptance; one
reason for this was that standardization attempted too “early in the art” stifleddnnovation and
development of better tool shanks for machining centers.

During the intervening years, almost every machine tool builder continued-to'develop its own,
pften proprietary and very ingenious, toolholder shank configurations, fof its own machining
center. This resulted in an almost unbearable economic situation, where©ne user had to maintain
ho less than 28 noninterchangeable tool shank configurations to opetrate their machining centers,
supplied by the various machine tool builders. These 28 different toolshank configurations should
be multiplied by the number of basic sizes to get an understanding of the resulting tool inventory
problem.

A major user of machining centers decided to rectify this situation and developed a tool shank
for machining centers. Several major machine tool builders, toolholder manufacturers, and users
pf machining centers were approached to discuss and confirm the need and practicality of their
proposed design, and to consider it as a basis fofan American National Standard. A technical
committee (TC 45) of American National Standards Committee (ANSC) B5, Group C was delegated
to study the proposed tool shank and prepare’drafts for an American National Standard.

A standard was developed and published-in November 1978 as ANSI B5.50-1978. The technical
committee followed the policy to establish new standards in SI units with the hope that ISO
would adopt a common worldwide metric standard.

After a number of meetings ahd recommendations, the ISO put forward a recommendation
that would create more than ©ne standard, which would lead to confusion by the addition of a
humber of national metric standards. TC 45 of ANSC B5, Group C therefore recommended that
the 1978 edition of the (standard be revised and replaced with a new inch standard to reflect
usage in the United States.

This Standard specifies the dimensions of toolholder shanks, retention knobs, and sockets, and
useful related technical information for machine tool spindles having 7/24 tapers intended for
putomatic toohehanging. Prior to this Standard, there were no applicable standards specifying
dimensions and tolerances for tool sockets to match the tool shanks in ASME B5.50-1994.

In 2009, dimension M in Table 1 was revised to allow for greater manufacturing flexibility. The
P015.fevision features elimination of overconstrained tolerances and clarifies dimensions.
Suggestions for improvement of this Standard are welcome. They should be sent to the Secretary,

S Standards pnmmﬂ-fﬂﬂ’ The American an“;ﬂ"} of Mechanical pnginaavc, Tazo-Park Ax enue,

New York, NY 10016-5990.
This revision was approved as an American National Standard on May 21, 2015.
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CORRESPONDENCE WITH THE B5 COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the
consensus of concerned interests. As such, users of this Standard may interact with the Committee

Y Tequesting interpretations, proposing revisions or a Case, and attending CoMmmittee meetings.
Correspondence should be addressed to:

Secretary, B5 Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to ifierporate changes
that appear necessary or desirable, as demonstrated by the experience gained’from the application
pf the Standard. Approved revisions will be published periodically.

The Committee welcomes proposals for revisions to this Standard. Stich proposals should be
ps specific as possible, citing the paragraph number(s), the proposed wording, and a detailed
Hdescription of the reasons for the proposal, including any pertinent documentation.

Proposing a Case. Cases may be issued for the purpose, of providing alternative rules when
ustified, to permit early implementation of an approved revision when the need is urgent, or to
provide rules not covered by existing provisions. Cases-ate effective immediately upon ASME
ppproval and shall be posted on the ASME Committee”Web page.

Requests for Cases shall provide a Statement of Need and Background Information. The request
hould identify the Standard and the paragraphyfigure, or table number(s), and be written as a
Question and Reply in the same format as existing Cases. Requests for Cases should also indicate
the applicable edition(s) of the Standard ‘to-which the proposed Case applies.

Interpretations. Upon request, the B5.Standards Committee will render an interpretation of
pny requirement of the Standard. Interpretations can only be rendered in response to a written
request sent to the Secretary of the B5 Standards Committee at go.asme.org/Inquiry.

The request for an interpretation should be clear and unambiguous. It is further recommended
that the inquirer submit hi§/ker request in the following format:

Subject: Cite the applicable paragraph number(s) and the topic of the inquiry.

Edition: Cite’ the applicable edition of the Standard for which the interpretation is
béing requested.

Question: Phrase the question as a request for an interpretation of a specific requirement

suitable for general understanding and use, not as a request for an approval
of a proprietary design or situation. The inquirer may also include any plans
or drawings that are necessary to explain the question; however, they should
not contain proprietary names or information.

Requests thatare ot ir thisformmat mmay berewritterrirtheappropriate formmat by the Commmittee
prior to being answered, which may inadvertently change the intent of the original request.

ASME procedures provide for reconsideration of any interpretation when or if additional
information that might affect an interpretation is available. Further, persons aggrieved by an
interpretation may appeal to the cognizant ASME Committee or Subcommittee. ASME does not
“approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activity.

Attending Committee Meetings. The B5 Standards Committee regularly holds meetings and/
or telephone conferences that are open to the public. Persons wishing to attend any meeting
and/or telephone conference should contact the Secretary of the B5 Standards Committee. Future
Committee meeting dates and locations can be found on the Committee Page at go.asme.org/
B5committee.
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7/24 TAPER TOOL TO SPINDLE CONNECTION FOR AUTOMATIC
TOOL CHANGE

1 GJENERAL
1.1 Scope

Thjs Standard pertains to the standardization of basic
toolholder shank, retention knob, and socket assemblies
for npimerically controlled machining centers with auto-
mati¢ tool changers. The requirements contained herein
are iftended to provide toolholder interchangeability
betwpen machining centers with automatic tool chang-
ers of various types. This Standard is the inch solution
for bpsic toolholder shank, retention knob, and socket
blies. This design specifies an interchangeable
ion knob with a 45-deg clamping surface.

desciibed herein (see Table 2).

Seg¢tion 4 specifies the dimensions and tolérances of
spindle sockets, drive keys, and key seat§ for machine
tool §pindles having 7/24 tapers intended for automatic
tool ¢hange (see Table 3 and Fig. 1). These are intended
for use with the corresponding basi¢ toolholder shank
and fetention knob specified in ‘sections 2 and 3.

1.2 Noninterchangeability

Togl shanks conforming’to ASME B5.18-1972 (R2009)
and ASME B5.40-1977(R2013) are not interchangeable
with|tool shank$ established in this Standard. Tool
shanks conforfing to ISO 7388-1:1983 and retention
knobg per 1SO.7388-2:1984, types A and B are not inter-
changeable with this Standard. This also applies to addi-
tionall shatik and knob designs that are in the draft stages

centers where loading and exchange of toolhplders are
accomplished by automatic means. Zhe termn general
purpose is intended to differentiatesbetween| machine
designs for unusually high accuracy requirerthents and
designs intended to function.with exceptiorfally high
spindle rotational speeds coupled with higheil axis feed
rates, such as is normallyyfodnd in high-speedl machin-
ing. Tool shanks made-to this Standard may be used
with a variety of pYoptietary retention and/or flange
locking systems.

1.4 Definitions

automaticdoolchanger (ATC): mechanism for the transfer
of the toolholder between a storage feature and the spin-
dle or\nonrotating socket.

balance: when the mass centerline and rotatiorjal center-
line of a rotor are coincident.

basic cone: geometrically ideal conical surfalce that is
given by its geometrical dimensions. These afre a basic
cone diameter, the basic cone length, and the pasic rate
of taper, or the basic cone angle.

basic toolholder shank: unit that fits directly intq the spin-
dle or nonrotating socket of the machine and has provi-
sion for automatic tool change.

coolant hole: passage through the center of the|retention
knob that allows through-the-spindle coolanft to pass.
This hole also permits access to a tool set height adjust-
ment screw if so equipped.
drive key: device intended to assist in delivgry of the
driving torque from the spindle nose to the tpol.

effective case: depth within a metal part, meastfired from
the part’s surface, where the minimum required hard-
ness is present.
retention knob: member of the toolholder retention sys-
tem that provides a coupling point between| the tool-

within the ISO standards development system. Accord-
ingly, the reader should note the warning statement
included with the retention knob specifications shown
in Table 2.

Some incompatibility with existing automatic tool
change arms may arise from dimension M (Table 1).

1.3 Classification

This Standard covers a basic toolholder shank with
an inch threaded retention knob with 45-deg clamping
surface that is applicable to general-purpose machining

holder taper and the spindle drawbar.

spindle: component assembly of the machine tool, the
function of which is to accept the basic toolholder shank.
spindle nose: the part of a spindle into which the tool
shank is accepted.

tool angular orientation: mechanical feature to position
and retain the basic toolholder shank in a specific angu-
lar relationship to the spindle or nonrotating socket.
tool shank: the part of a tool that mates with the taper
in the spindle nose.
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Fig. 1 Optional Face-Mount Holes, 7/24 Taper Spindle Socket
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The following is a list of publications refer-
this Standard. A later edition may be used,
there is no conflict with this Standard.

b.18-1972 (R2009), Spindle Noses and Tool
for Milling Machines

5.40-1977 (R2013), Spindle Noses and-Tool
for Horizontal Boring Machines

4.5-2009, Dimensioning and Tolerancing

r: The American Society of Mechanical
ers (ASME), Two Park Avenue, New York,
16-5990 (www.asme.org)

1:2003, Mechanical vibration — Balance qual-
jirements for rotors in'a constant (rigid) state —
Splecification and verification of balance
ces

2:1997 (withdrawn), Mechanical vibration —
b quality/tequirements of rigid rotors — Part 2:
P eITOrS

1973~(withdrawn), System of cone tolerances

for corf

ical “'workpieces from C = 1:3 to 1:500 and

LV

Section D-D

Publishex:)" International Organization
Standardization (ISO), Chemin de Blandonnet 8
Postale 401, 1214 Vernier, Geneva, Switzet
(www.iso.0rg)

1.5.2 The following documents are not referg
in this Standard but are relevant to the subject ang
be of interest to the user of this Standard.

ASME B5.10-1994 (R2013), Machine Tapers (Self Ho
and Steep Taper Series)

for
Case
land

bnced
may

lding

ISO 9270:1992 (withdrawn), 7/24 tapers for tool shanks

for automatic changing — Tapers for spindle n

2 ESSENTIAL DIMENSIONS FOR 7/24 TAPER
TOOLHOLDER SHANK

See Table 1.

3 ESSENTIAL DIMENSIONS FOR RETENTION
KNOBS

pses

See Table 2.

lengths from 6 to 630 mm
ISO 7388-1:2007, Tool shanks with 7/24 taper for auto-
matic tool changers — Part 1: Dimensions and desig-

nation

of shanks of forms A, AD, AF, U, UD and UF!

ISO 7388-2:2007, Tool shanks with 7/24 taper for auto-
matic tool changers — Part 2: Dimensions and desig-

nation

! May als

of shanks of forms J, JD and JF!

0 be obtained from the American National Standards

Institute (ANSI), 25 West 43rd Street, New York, NY 10036.

4 ESSENTIAL DIMENSIONS FOR 7/24 TAPER
SPINDLE SOCKETS

4.1 Dimensions
See Table 3.

4.2 Optional Face-Mount Holes
See Table 3 and Fig. 1.


https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

sAemAay yioq
|eaidA1 ) snipey

[ensiA)

saoepns oml [@[L00°0] //

MEICEIEIRE
saoepINS OM| HL

s198uey) j001

AlXaAu092 oN

ve/L

&

(@ zo00g| 4

;
:

o
35 (84njesy uoieIUBIIO
also0o] T 1600[ /] foume
SL€°00
\
H@ W@
a1 i Al
g 1lele@

(d Wbuaj 104 "xew p @)

o f

i ®J0N] g/o

/

F~—G00"0+8EV'0

]

/|< l'eleqg

djeWoOlNy YA SI93ud) Suluiyde oy syueys 1apjoyjoo] diseq jo suoisuawiq jenuassy [ I)qel



https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

*(318ue auod Suiseadul) aanisod aq Jjeys sanjea asay] (g xipuaddy Alojepuewiuop 3as) ;i apeiS Jo 9dueIS)0} J|SUB SUOD WNWIUIW B Y}IM WIOJU0D ||BYS 3IUBID]0} A}d1U0D 3y] (T)

‘Suojlepuawiwodal |erduas 10 g xipuaddy Alojepuewuon 995

:a8ed Spadaid uo §

Saqg uonensn

‘310N
)

o|q!

11l T 9]qel 39S ‘@iualajal 104 (8)
bsiwiad 9)oy-ysnoiyy jesua)  (§)
-diyo uoneayiuapl

100} @1epowwodde iq uoljelddo-paads ySiy anoidwi 0y aiqissiwiad Si aSue)) ay3 JO SIPIS Yloq UO SIIBYNS PUB ‘DINJed) UOIIRIUSLO ‘| J919wWeld ‘O Jajawelp Jo UoedlIpoy (3)
"89p % X 0T0°0F €0°0 10 01007 £0°0 ¥ 1. pue sId3|y payadsun 1y ()
‘seSpa dieys e ungaq (9)
G TA JWSY YIM 3dUBPI0IE Ul 3le SJOqIAS UoISUSWIP d11dW09D (q)
‘g xipuaddy Ai0jepuewWUON YlIM 92UBpIOdpE Ul S| 9IURID|0) Bu0d Jade] (e)
*S3LON TVY3INTD
0ST'Y  O70'0 60€C SIET  €98'G 0ST OY0°0A_005'S 0ZO'L  OYL'C  SEC’T  00§'S  61T'S  /-0SC°L 18T STT [CIE€0  SZ€9  0STY 09
08/2°C 0€0°0 ZI¥'1 Sq1'1 8E€T” 8ET O0¥0°0 .9/28°€ 0C0'1 06€°1T a87'1 G/8°€ 764°€ 8-000'T T€0'T SZ'T [0SCO 0007 0S§Z2°CT 0§
0sC°C 0€0°'0 €€C°T 0480 €19°¢ 8¢'T 0700 09C°'E 0440 orT'1l SETT 0sT’e 696'C 01-052°0 99/°0 ST |88T°0 0sT’e  0SCT GY
05/2°1T 0€0'0 0880 0¢Z0 €98'C 8¢'T 0700 005¢.-.579°0 0680 59860 004°C 61C°C T1-979°0 1%9°0 CT'T |88T°0 /89°C 0SZ'1 0%
0sC'1T 0€0°'0 TS9'0 064590 9/1°C 8€'1T 0C00 CTI8TINS%79°0 0%79°0 G€/2°0 18’1 1€6°T  €1-005°0 9150 00T [88T°0 G/8'T 0SC'T O¢€
S00°0- O0T00F ‘"UlW OT00F C000F "UIW O0T0°0F "XeW O0I070%, ST0°0- ST0°0— TO00°0F OI00F 9CONN 0000— ‘"UWW [0T0°0F S00°0F (el@ ?zs
‘000°0+ ‘n 10 Y] [} d ‘N ‘we ‘7 ‘000°0+ 00070+ ‘HD ‘D@ el ‘ST0°0+ ‘@ 2 ‘q asen)
‘70 Bl [ ‘10 147}
g |lejeQg Y ltejeQg
Noo.onmmm.oll_ H_.m.
_lll G000 ¥ 6£5°0
N
moo.onNmP.o|__v ~—
moo.oﬂmno.o|_l | 1= = v000FgzL'0
* -
og ! (eBueyy
| pue aui| abeb 30 S¢ 10
: usamiaq ealy)
suid _l ..... — z9
190 1]
49
LN
L/
GZl8T'0 @ ud
S
b ulw GLF -

B

VU

ulw gL ¥ Bap 09

(puo)) s1aSuey) 100} d1jeWOINY YA SI93ul) Suluiydey Joj syueys I13pjoyjoo] diseg jo suoisuawiq Jenuassy T d)qel


https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

F4%0) 1€°0 T y1°2-90°C 00$°0 0£°0 ¥1°0 080°T 00S°'T 0z’e S70'1 09%'1 £-0SC'T 09
Sz10 Sz0 sp't 7y 1-T7'T 89%°0 0z°0 01°0 0020 000'T 0€'C 0z8°0 oyT'T 8-000'T 0s
¥60°0 7o op'T 0Z51-81°1 SL€°0 91°0 80°0 085°0 0780 08’1 $09°0 0%6'0 01-052°0 17
760°0 70 syo 7602260 187°0 zro 90°0 ot%7°0 0%79°0 05'T 06%°0 0%2'0 11-529°0 ot
¥60°0 61°0 €k0 $9°0-1910 /81°0 01°0 70°0 0Z€'0 09%°0 orT'T $8€°0 0250 £1-005°0 o€
S00°0- 0%70°0% 01p'0- b} 010°0% 010°0% 010°0% S00°0% S00°0% 0%0°0% S00°0% $00°0% VZ-ONN az1g

‘010°0+ ‘w ‘000" 0+ ‘(o ‘H ‘9 9 gl ‘a 20 ‘90 ‘vo

¥ 7
(1) ®I0N 883
o e [g]900°0[ ]
re
X
@ uoud gxe
........ M\\ Lju o =
| A R ! \
" - " a0 +
= N\
........ U
~ — //\
_ _ uiwog = bep Gy
& o0
[¥[zoo0[#F
— N [<—

H—>

m a

Sqou)| Uojjualay Jo suoisuawiq Je1uass]

c °lqelL

~



https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

104 Jenuajod e s| Jnsai ay] 9s
aulydew 1ad pasn aq pjnoys I

‘aSewep U

0] Sulwod sa1depe ayj ul Jnsai Aew qol| wonualal ayy ualysy pue jjeisul Aiadoad o3 aunjiey 10 qouy uOIIUIBI 129140D
pIoy|00]} diseq pue qouy uoijudlas Jadoud ayyisewn |je 1y ‘ojqeasSueydialul jou ale pue Ss9JA)s snolea ul djqejieae

*9SBI 9AI1D949 870°0 01 910’0 ‘PaILIIpUl S3IBYN

-98ed Suipadaid uo uolessr
‘G7TA AWSY YHUM adueplodde uj ale s

‘sylew
'89p G% X 0T0°0F €0°0 10 0T0°0F £0°0 & *!I{

‘paus

‘wnwijuiw 1sd 000‘9TT YiSualls a)isus) |3

awdinba 10/pue Ainfu; jeuosiad
bU) asn 0} ainjie4 ‘suoljedlydads
Ue sqowy uonualdy HNINYVM
b U0 DYH 7+ 86 Uapiey ase) (1)
‘310N
11! ¢ 3]1qel 23S ‘@aualiayal 104 (Y)
oquAs uoisuswip dudwWoan (8)

‘se8pa dieys e ungeqg (3)
00] JO 93l) 8q Isnw ¥ pue ) ()
el pue s1a)|ly payadsun Iy (p)
biey ased a( jou J|eys sjoy [ (9)
*3a1qissiwiad sisjua) (q)
IS Aojle uoqied Mo :leusle|y (e)
‘S31ON TVdINID

(Pau0)) sqou))

uoIjUa)aY JO suoisuawiq |eluassy ~ z ajqel



https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

(1) 810N

d-9g uoioag

@ aenes + %%%MQMWWM
T ¢ QN
wM|I. &%ﬁxﬁ AN | /A

|
&)
A 4
| I
>4 0D

H
vo a0 4 *
&

V| 200°0|¥¥

~—

El A

o) [-0-]

v [¥000°0] T

1))00gs a)puids 1ade] #z// jo suoisuawiq jenjuassy € 9qel



https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

"J¥H TF 86 Jo ssaupiey ased pue ‘wnuwiuiw isd 000‘9TT YiSualls a)isua) ‘pauapiey ased ‘|aalks aq Jjeys jeualew Ay aAuqg (2)

(®)Sue suo0d Suiseasdap) aAneSau aq jeys sanjea asay] ‘(g xipuaddy AlojepuewuoN 99S) 191199 U0 7y

‘G7TA AWSY YHM 2dueplodde uj ale s
‘g xipuaddy AlojepuewUON Y}IM 32UBPIOD
-aueld ases ayj ul paulg

liges pue sia)jy p

l1eys aoueia)o} A3d1uod ayl (1)
‘S3A10N

-a8ed Suipadaid uo uolessH)|l € 3)qe] 3s ‘@IusIayal 104 ()
*89p G% X 0T0°0% €0°0 10 0T0°0% €0°0 &

1padsun Iy (3)
‘sagpa dieys e ungaqg (p)
oquAs uoisuswip JulPwWoay ()
e Ul S| 8duels)0} auod Jade| ()
1U0D J3)awelp Jiseq ayl sl i ()
‘S31ON TVd3INTD

STl 01-052°0 dooZ 90°0 150 1€5°0 182°0 £5%7°0 005°0 00T 00Q'1T 88660 09
00T 11-629°0 doo 90°0 16°0 1€5°0 182°0 w0 005°0 00T 8¢4°0 88660 09
18°0 £1-005°0 doo¢ 90°0 6€°0 16€°0 G790 1620 G/€0 S0 889°0 88%7/°0 17
18°0 €1-005°0 49t %0°0 zeo0 zeeo 2€%7°0 S9C°0 €1€°0 €9°0 5290 8€79°0 oY
790 91-G/€°0 qeie %0°0 14 30) 4330} LETD €T0 €1€°0 €90 2990 8€79°0 0€
10°0¥ g9z-ONN 44 UIW 10°0% 000°0— 000°0= 500°0F S00°0F S00°0% S00[0+F 100°0— lade
o)) ‘qq A X ‘S00°0+ ‘G00°0+ ‘n q ‘S ‘Y ‘000°0+
(1 *814 99G) Junoyy adey me @ ‘0
suolsuauug Asy aauq

790 £1-005°0 el €€t 08¢ 681°C 005°0 000'T 0%70°0 0S'T 081/'8 9509 8000 T4 09
790 £1-005°0 s6t 756°T 0€5°'1T SEY'T 0050 000°T 0%70°0 SL0 8190°G 008°¢ 800°0 Sl'C 09
€5°0 91-G/€'0 LS 61 SLT1 081'T S/€°0 0$Z°0 0%70°0 90 £666°¢ /80°€ 8000 Y44 9%
w%7°0 81-71€°0 S8zt S8C'1T 00’1 G260 €1€0 G790 0%70°0 790 £66%7°C 7585°C 800°0 S/l [0)4
%7°0 81-71€°0 6660 6660 5970 0/9°0 €1€0 G790 0%70°0 050 €6%2°C 18/°1T 8000 STl 0€
10°0% 4z-INN S500°Q* 500°0% 000°0- 000°0- Ul 100°0— 800°0F Ul 5000°0- 800°0F (28uey) (o1se9) ladey

d ‘N ‘W ‘7 ‘G10°0+ ‘GT00+ ‘H ‘000°0+ q ‘7 ‘0000:0+ 2 g 147]

A / e ag suqgisuawiq sadej

suojsuawiq yeas A3y aALQ

suojsuawiq Sununoy

(pauo)) 13os a)puids 1ade] /. jo suoisuawiq Jenuassy € ajqel



https://asmenormdoc.com/api2/?name=ASME B5.50 2015.pdf

ASME B5.50-2015

NONMANDATORY APPENDIX A
USEFUL TECHNICAL INFORMATION

A-1 | GENERAL

This Nonmandatory Appendix is intended to provide
infofmation pertaining to the use of the 7/24 taper
tool o spindle connection. These are general recommen-
datigns, which if followed, should maximize perform-
ance [and minimize maintenance difficulties. Nominal
operqtional values for 7/24 taper toolholder shanks are
shown in Table A-1. This content is derived from decades
of practical experience with the subject toolholder inter-
face in aerospace, automotive, and general machine shop
practiice. Items to consider when specifying either the
toolhiolder or spindle side of the interface are

(a)| age, condition, and service requirements of the
machjine tool

(b)] the ability to either maintain toolholder interface
integrity or repair and replace worn-out equipment

(c)| updated training for machinists and programmers

(d)] the knowledge of your machine tool supplier on
the spibjects of machining dynamics, allowable maghin-
ing fprces, and maintenance of drawbar mechanisms

(e)| the degree to which a given spindle taper can be
reground without exceeding the depth{of‘the hard-
ened|case

The cone tolerance system as historically described
by IO 1947 is presented to the extént that it pertains
to thys Standard (see Nonmandatory Appendix B).

A-2 | DRAWBAR FORCES

7/94 taper tool te"spindle connections require suffi-
cient|force pulling on the retention knob to achieve the
folloying operational characteristics. These characteris-
tics dre directly affected by the amount of pulling force
and, pecause* of this, performance characteristics of the
toolholder<to-spindle connection will change if drawbar

(d) vibration characteristics of the machinilllg system
(e) resistance to damage between mating tapers

NOTE: A poor taper fit will degrade any or all of the above
performance characteristics regardléss-of drawbar pull force.

A-3 BALANCE REQUIREMENTS

Balance should not be pursued to unnecessprily high
quality levels/For additional information, see ISO 1940-1
and 1SQ,1940-2.

A-4 REFERENCES AND INFORMATION

A-4.1 Care of the Tool-to-Spindle Connection

In order to guarantee the minimum runout|error and
a long spindle and toolholder life, special carg must be
taken to keep this area clean. The person lodding and
unloading tools from the machine should| visually
inspect each toolholder for wear and signs of forrosion.

The following is a description of each item| involved
in the process.

A-4.1.1 Spindle. The spindle nose must be kept
clean and free from deposits of any kind. Depé¢nding on
the application, the user must establish regular cleaning
intervals. Occasionally, a special taper cleaner [commer-
cially available from tool manufacturers) should be used
to clean the seating surfaces. A high-resolutior{indicator
can be used to measure the taper runout. If the runout

force Lllausca. At—toot L}lalléc, the—drawbar l,iuﬂ force
elastically deforms the mating tapers until enough sur-
face area contact is made to distribute point contact
forces and seat the taper. The performance characteris-
tics affected by drawbar pull force are

(a) positional accuracy and stability of the machine
tool

(b) resistance to torque-induced slippage at the
toolholder-spindle interface

(c) resistance to pulling out (unseating the taper) dur-
ing heavy cuts

Isexcessive, the spindie Tmay Tieed Tepair- A Tunout test
arbor can be used to check the runout at a certain dis-
tance from the spindle nose.

A-4.1.2 Toolholder Care. Toolholders must be
replaced when the taper starts to wear or when excessive
corrosion is noted. Minor blemishes can be repaired with
a stone or crocus cloth. Occasionally, the runout of the
cutting tool seat should be checked with an indicator
on the machine. Toolholders that will not be used for
some time should be treated with a rust preventative.
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Table A-1 Nominal Operational Values for 7/24 Taper Toolholder Shanks

Retention Knob Suggested Maximum Operational Maximum
Taper Installation Drawbar Bending Moment at Rotational
Standard Torque, ft-lb Pull Force, lb Gage Line, in.-lb Speed, rpm
30 8 1,200 1,800 14,000
40 30 2,300 3,450 10,000
45 50 4,000 6,000 8,000
50 75 5,000 7,500 6,000
60 120 13,000 19,500 3,600
GENERAL NPTE: Higher rotational speeds may be obtained by optimizing balance level and interface cone tolerances, and minimiZing tool
assembly pfojection.
A-4.1.3 Drawbar Care. The drawbar gripper posi- A-4.1.4 Tool Magazine. The tool mMagazine myst be
tion musf be set according to the manufacturer’s specifi- ~ kept clean and free from chips. The"imagazine myst be
cations, and should be checked frequently and adjusted  able to handle the toolholder awd present it tp the

if necessary. A pull-force gage can be used to determine
bar condition. A low pull force will cause exces-
to toolholder and spindle nose and must be
[f low pull force is detected or suspected, the
may require maintenance.

the drawl
sive weal
avoided.
drawbar

capacity must be doaded manually.

machine with sufficient accuraey that the holde
seat properly in the spindle-after clamping. Gri
that allow excessive looseness/sag of the holder mq
replaced or, alternatively, tools exceeding the mag

will
ppers
st be
hzine

10
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NONMANDATORY APPENDIX B
EXCERPT FROM ISO 1947:1973, SYSTEM OF CONE
TOLERANCES FOR CONICAL WORKPIECES FROM C = 1:3 TO

© Intd

1:500 AND LENGTHS FROM 6 TO 630 mm

rnational Organization for Standardization (ISO). This material is reproduced from ISO 1947:1973 with permission of tHe American
Natiorjal Standards Institute on behalf of ISO. ISO 1947:1973 was withdrawn by ISO on August 17, 1995 and can_no)longer be|

considered

an approved I1SO standard. No part of this material may be copied or reproduced in any form, electronic retrieval-system, or qtherwise or

made
Institute, 25 West 43rd Street, New York, NY 10036.

NOTH: This excerpt from ISO 1947:1973 and the standards refer-
enced|within are nonbinding to ASME B5.50. Content is shown to
clarifyf the derivation of angular tolerance (AT) grades only. No
tolerahce system is endorsed nor encoded by inclusion herein.
Portions of the original ISO 1947:1973 are omitted for clarity.

B-1 | SCOPE AND FIELD OF APPLICATION

This international Standard specifies a cone tolerance
system which applies to rigid conical workpieces for
which the length of the generator can be consideréd as
practfically equal to the basic cone length; this(applies
in the case of cones having a rate of taper€-= 1:3 to
1:500"

For dimensioning and tolerancing cenes on drawings,
see IFO 3040, Technical drawings~=Dimensions and
tolerancing cones.’

For general information onvtoletances of form and of
positfon, see ISO/R 1101, Tolérances of form and of
position — Part I: Generalities, symbols, indications on
drawjings.

B-2 | BASIS OF.THE SYSTEM

B-2.1

The fellowing four types of tolerance provide the basis

Types-‘of Cone Tolerance

Available on the Internet, a public network, by satellite, or otherwise without the prior written consent of the/American Nationgl Standards

(c) cone formmtolerance, Tr (tolerancep for the
straightness_of-the generator and for the rounhdness of
the section):

(d) cenésection diameter tolerance, Tpg, givlen for the
cone, diameter in a defined section. It is valld for the
cone diameter of this section only.

B-2.2 Cone Diameter Tolerance, Cone Angle
Tolerance, and Cone Form Tolerance

Normal cases will be handled by applicatjon of the
cone diameter tolerance, T, only. It includep the two
tolerances of the types in paras. B-2.1(b) and (c). This
means that the deviations of these two typds may, in
principle, utilize the whole tolerance space giyen by the
cone diameter tolerance, Tp (see Fig. B-1). In case of
stronger requirements, the cone angle tolerande and the
cone form tolerance may be reduced within| the cone
diameter tolerance, Tp, by means of supplementary
instructions. In this case, likewise, no point on the conical
surface is permitted to lie outside the limit comes’ given
Tp. In practice, all types of tolerance generally exist at
the same time and, as far as normal cases are cpncerned,
each tolerance may occupy a part of the cone|diameter
tolerance, Tp, only in such a way that no pojnt on the
conical surface lies outside the tolerance spacg. In other
words, no point on the conical surface is pelimitted to

1 PPE -0 PN 1§ PONI FOT 20
HE-OHTtSa e theHRItTCONES:

of the cone tolerance system:

(a) cone diameter tolerance, Tp, valid for all cone
diameters within the cone length, L.

(b) cone angle tolerance, AT, given in angular or linear
dimensions (AT, or ATp).

! For cones of 1:3 up to 1:500, the length of the generator and
the cone length may be regarded as equal, since these lengths give
differences in cone angle tolerances of less than 2%.

2 At present at the stage of draft.

11

B-2.3 Cone Section Diameter Tolerance

If for functional reasons the cone diameter tolerance
is required in a defined section, then the cone diameter
tolerance, Tps [para. B-2.1(d)], must be indicated. In this
case, it is also necessary to indicate the cone angle toler-
ance. If general tolerances for the cone angle are speci-
fied, e.g., in an international document, and if it is
referred to this tolerance, then it is not necessary to
indicate special cone angle tolerances.
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B-3 DEFINITIONS

B-3.1 Definitions Relating to Geometry of Cones

cone: a conical surface or a conical workpiece (see
Fig. B-2), defined by its geometrical dimensions. In the
absence of any indication concerning the geometrical
form, cone is understood to mean a straight circular
cone or truncated cone.

conical surface: a surface of revolution which is formed

limit cone diameters: the diameters of the limit cones in
each section in a plane normal to the axis (see Fig. B-8).

basic cone length, L: the distance in the axial direction
between two limiting ends of a cone (see Figs. B-5 and
B-6).

basic cone angle, a: the angle formed by the two genera-
tors of the basic cone in a section in the axial plane (see
Fig. B-9).

by rotatifig a straight Iine (generator) around an axis
with the [gtraight line intersecting this axis at the apex
(see Fig. B-2). The parts of this infinite conical surface
are also known as conical surfaces or cones. Similarly,
“cone” if also the abbreviated designation of a trun-
cated corle.

conical wdrkpiece: a workpiece or portion of a workpiece,
the main [part of which is a conical surface (see Figs. B-3
and B-4).

external cpne: a cone which limits the outside form of a
conical fdature of a workpiece (see Figs. B-3 and B-5).

internal cpne: a cone which limits the inside form of a
conical fdature of a workpiece (see Figs. B-4 and B-5).

basic cone| the geometrically ideal conical surface which
is given Ry its geometrical dimensions. These are either
(a) a bpsic cone diameter, the basic cone length, and
the basic|rate of taper or the basic cone angle, or
(b) twgbasic cone diameters and the basic cone length
(see Fig. B-6)

actual corje: that cone the conical surface of which has
been found by measurement (see Fig. B-7).

limit cone: the geometrically ideal coaxial surfaces, hav-
ing the spme basic cone angle, which result' from the
basic conp and the cone diameter tolerances. The differ-
ence between the largest and the smallestcone diameters
is the sarpe in all sections normalto-the cone axis (see
Fig. B-8).|The surfaces of the limit cones may be made
to coincidle by axial displacement.

generator:| the line of intetsection of the conical surface
with a seftion in the axial plane (see Figs. B-2 and B-5).
B-3.2 DefinitionsRelating to Sizes on Cones

cone diametenthe distance between two parallel lines
tangent t¢ the‘intersection of the circular conical surface

timmittone amgies the fargestarnd the Siattest cone angles
resulting from the basic cone angle, ¢,, and the d position
and magnitude of the cone angle tolerance| (see
Fig. B-10).

cone generating angle, a/2: the angle confained between a
generator and the cone axis (see Fig; B29). The generjating
angle is equal to half the basic/coné angle, a.

rate of taper, C: the ratio of«the difference between the
cone diameters, D and d, tOthe cone length, L

The rate of taper is often indicated by the expregsions
1:x or 1/x3and “Cone 1:x” for short. For exampple,
C = 1:20\means that a diameter difference, D —|d, of
1 mmroeturs an axial distance, L, of 20 mm betwegn the
cone“diameters, D and d.

B-3.3 Definitions Relating to Cone Tolerances

cone tolerance system: a system containing the cone ¢liam-
eter tolerances, the cone angle tolerances, and the oler-
ances on the cone form of the generator angl the
circumferential line of the section normal to the|cone
axis.

cone diameter tolerance, Tp: the difference betweenh the
largest and smallest permissible cone diameters if any
section, i.e., between the limit cones (see Fig. B-8].

cone angle tolerance, AT the difference between the
est and smallest permissible cone angles (see Figs
and B-11).

cone form tolerances, T

tolerance on the straightness of the generator: the distance
between two parallel, straight lines between whidh the
actual generator must lie (see Fig. B-8). The actual value
for the error on straightness is taken as the distance

larg-
B-10

with a plane normal to the cone axis.

basic cone diameters are as follows (see Fig. B-6):

(a) the largest cone diameter, D, or

(b) the smallest cone diameter, d, or

(c) the cone diameter, d, at a place determined by its
position in the axial direction

actual cone diameter, d,: the distance between two parallel
lines tangent to the intersection of the surface of the
actual cone with a defined plane normal to the cone axis
(see Fig. B-7).

12

between two parallel straight lines touching the actual
generator, and so placed that the distance between them
is a minimum.

tolerance on the roundness of the section: the distance
between two coplanar concentric circles in a section nor-
mal to the axis between which the actual cone section
must be situated (see Fig. B-12). The actual value for the
error on roundness is taken as the distance between two

3 AT = angle tolerance.
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coplanar concentric circles which touch the actual line
of any section normal to the axis.

cone section diameter tolerance, Tpg: the difference between
the largest and smallest permissible cone diameters in
a defined section (see Fig. B-13).

B-3.4 Definitions Relating to Actual Cone Angles

actual cone angle: in any axial plane section, the angle
between the two pairs of parallel straight lines that

has to be situated anywhere within a tolerance zone
given by the tolerance for the straightness.

tolerance zone for the roundness of the section: in a graphic
representation, the zone lying in a section normal to the
cone axis and formed by concentric circles (see Fig. B-12).
As this zone is narrower than that referred to in the
above definition of cone diameter tolerance zone, it only
applies if the tolerance for the roundness of the section
is reduced with respect to the cone diameter tolerance

enclgse the form errors of the two generators in such a
way [that the maximum distance between them is the
least|possible value (see Fig. B-14). For a given cone,
there{is not only one actual cone angle; for cones having
devigtions of roundness, the actual cone angle will be
diffefrent in different axial planes (see a; and a; in
Fig. B-14).

average actual cone angle: the arithmetical average value
of the actual cone angle measured in accordance with
the definition above in several equally distributed axial
plang sections. Amongst the axial planes chosen, one at
least phall cover the greatest deviation of roundness from
the cjrcle line of the cone diameter.

B-3.5

cone [folerance space: for the conical surface, the space
between the two limit cones. Cone tolerance space
includes all the tolerances referred to in para. B-3.3. It
may |be represented by tolerance zones in two plane
sectigns (see Figs. B-8 and B-12).

Definition Relating to Cone Tolerance Space

B-3.4

cone fliameter tolerance zone: in a graphic répresentation,
that fone, lying in the plane section.of the cone axis,
which is limited by the limit cones,-The total tolerances
zonelis represented in Figs. B-8 and-B-12 by the hatched
portipns that also indicate the cone tolerance space. It
includes the tolerances for/the-cone diameter, the cone
angle, the roundness, and-the straightness that can
occupy the whole cone tolerance zone. In general, each
of the¢se particular devidtions occupies a part of the cone
diamjeter tolerance zone only.

Definitions Relating to Cone Tolerance-Zones

tolerance zoneffor,the cone angle: a fan-shaped zone within
the limit cone angles. The inclination of the limit cones
can He indicated by plus, minus, or plus/minus for the
cone

zone. The contour has to be situated anywhere within
a tolerance zone given by the tolerance for theoundness
of the section.

cone section diameter tolerance zone: the'tolerancg zone for
the cone diameter in a defined section. It appegrs in that
case if the cone diameter tolesance is indicqted for a
fixed diameter only.

B-4 CONE DIAMETER TOLERANCE, Tp

In general, the'choice of the cone diameter folerance,
Tp, is basedronthe large cone diameter, D. It is selected
from the{dS0 standard IT tolerances and applies over
the whele of the cone length, L. If it is not rdquired to
indicate’ smaller tolerances of angle and fori, a cone
didmeter tolerance, Tp, given on the drawing, applies
also to the angle and form deviations. It should be borne
in mind, however, that in this case all workpfieces that
conform to Figs. B-11 and B-16 must be accepted. The
symbols of the ISO tolerances system shall be used to
indicate the cone diameter tolerances referrpd to the
corresponding cone diameter. If the conical $urface of
the conical workpiece concerned is not intended for a
cone fit, the tolerance positions, Js and j,, ghould be
chosen for preference, e.g., 40j;10.

B-5 CONE ANGLE TOLERANCE, AT

B-5.1 Cone Angle Tolerance Resulting From
Diameter Tolerance, T

the Cone

The actual cone angle lies within the cone|diameter
tolerance zone in case of absence of any specfal indica-
tion of cone angle tolerances. The cone angles| amay and
Qmin (see Fig. B-11), are thus the limit conje angles
resulting from the cone diameter tolerance, T|p. Conse-

nng]p tolerances (see F'ig B-15) Far the indication

of plus/minus, the values can be different.

tolerance zone for the straightness of the gemerator: in a
graphic representation, that zone (band), situated in any
axial plane section and disposed on each side of the
cone axis, which is determined by the form tolerance of
the generators (see Fig. B-8). As this zone is smaller than
that referred to in the above definition of cone diameter
tolerance zone, it only applies if the tolerance on the
straightness of the generator is reduced with respect to
the cone diameter tolerance zone. The actual generator

13

guenthy-in-this-casetheactual coneangle-ispermitted
to be disposed with respect to the basic cone angle, «,
from +Aa to —Aa (for values of A, see Table B-1).

B-5.2 Fixed Cone Angle Tolerance

If the cone angle tolerance has to be smaller than that
given by the cone diameter tolerance, it is necessary
to establish the cone angle limits. For the cone angle
tolerances, the deviations must be indicated by plus,
minus, or plus/minus, e.g., +AT, —AT, +AT/2. For the
indication of plus/minus, the values can be different.
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B-6 CONE FORM TOLERANCES, T,

Cone form tolerances comprise the tolerances on

(a) the straightness of the generator (see Fig. B-8)

(b) the roundness of the cone section (see Fig. B-12)

Cone form tolerances shall be especially indicated (in
micrometers) if they must be smaller than half of the
cone diameter tolerance.

of manufacture. No direct relation is given, however,
because the IT values are stepped in accordance with
the diameter of cylindrical workpieces, whereas the AT
values are stepped in accordance with the cone length, L.

The ratio for the cone angle tolerances from one AT
grade to the next higher grade is 1.6. It is necessary to
relate the cone angle tolerance, AT, to the cone length,
L, because the longer the length of cone, the better the
angle may be met. The cone lengths, L, from 6 mm to

B cc I CECTIOA - DIAAMIETED - -TOLEDAANCLE T o0 1 1 1 el
'7 VL JLUITIVIN UTAVILTEN TULLRNANCL, 'Ds OOU ITIIT A€ d1IVIded 1ITtO TEll fd[lgeb WILL d bteppe
; of 1.6.
If the ¢one diameter tolerance should be reduced

locally and should be given for a defined section only, for
functiondl or manufacturing reasons, the cone diameter
tolerance|must be indicated for this section only.

B-8 TABLE OF CONE ANGLE TOLERANCES

As the [cone angle tolerances, AT, have different func-
tions, thely are stepped in grades represented by num-
bers, e.g|, ATs. They are expressed in microradians
(urad)* f¢r AT, or in micrometers (um) for ATp, calcu-
lated frorh the constant AT value within a range of cone
lengths. AT is valid normal to the axis® in the form of
a diameter difference. It must be smaller with respect
to the cohe diameter tolerance, Tp. Taking account of
the units| (micrometers, microradians), the following
relationship exists (see also Fig. B-17):

ATp = AT, x L

The grade numbers for IT (diameter) and AT (angle)
tolerancep are chosen in such a way that the same ntim-
bers corrgspond to approximately the same difficulties

41 prad
distance off

= an angle producing an arc of length.1\jum at a radial
1 m.5 prad = 1in. (1 sec); 300 prad = 1 ft (1 min).

® The megsurement normal to the cone axi§ isyegarded as equiva-
lent to the theoretical correct measurement normal to the generator,
as the diffgrence of the measured ATgvalues is only 2% even for
a cone 1:3.

ratio

The AT, values decrease from one range ofjlength to
the next higher range by a step of 0.8, which eorresgonds
to the experimental relationship

N
T

As the AT, values are héld constant in a cone 1
range, it is the corresponding AT, values that vary.
are given for the lithits of the ranges of length:s
increase from onelength range to the next with a
of 1.25.

Figure B=1%7 shows the largest and smallest valugs for
ATp resulting from the largest (Lmax) and smallest [Lyin)
basic léngths of a length range at a constant AT, yalue.

No relationship is provided for between the[cone
angle tolerance and the cone diameter because of lack
of experience (see Fig. B-18). The introduction of| such
a relationship will be made in the future if sufficient
experience is available. In the case of conical workpieces
with large cone diameter, it is left to the user to pelect
a higher AT grade than that used for conical workpieces
of small diameter.

If finer or coarser angle tolerances are necessaryj they
shall be calculated by division or multiplication by 1.6
from the AT, and AT, values, respectively. The finpr AT
grades shall be designated AT, ATy;.

AT, ~

ength
They

and
ratio
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Fig. B-1 Cone Diameter Tolerance Space Formed by the Cone Diameter Tolerance

To/2

Dmin
Dmax

Fig. B-2 Cone

Generatorx

Conical surface and-gonical workpiece

Fig. B-3...Conical Workpiece, External Cone

JI—
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Fig. B-4 Conical Workpiece, Internal Cone

Fig. B-5 General Definitions

Conical surface and generator

External cone

Cone axis

il

Cone length, L,—>

Basic pointi i

Cone length, L;

Internal cone

Fig. B-6 Basic Cone
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Fig. B-7 Actual Cone
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Fig. B-8 Limit Cones, Cone Diameter, Tolerance Zone, and Straightness of the Generator Tolerance Zone
Form tolerance zone Actual cone T2
of the generator b
Tolerance on the straightness
dmax I £ 3
- o] o=""« Apmin / £ g
Kirnif cones Q q
Cone diameter -
tolerance zone—/ L
Fig. B-9 Angles on Cones
Generating angle ! ¥
Basic angle i
i
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I
I
I
1
1
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