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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Increasing cutting speeds in combination with higher balancing requirements result in tighter
balancing conditions for the tool spindle system (machine tool spindle, clamping device and tool
system). Especially balancing tools and tool systems according to ISO 1940-1 are often being intensified
by additionally choosing the next better balancing quality (e.g. G 2,5 instead of G 6,3). Not only that this
is technically often not necessary and leading to high cost, it also cannot be achieved in many cases.

Unbalance acts as speed-harmonic excitation of the machine structure and the amount of the excited
centrlfugal force arlses from the unbalance and the rotatlonal speed Another point of Con51derat10n in

A 3 re-Hterrupted cut
illing cutter) which are often remarkably hlgher than the centrlfugal forces caused bly demanded
issible residual unbalances.

balancing quality requirements for rigid rotors stated in ISO 1940-1 (e.g. electrfomotorrotors, etc.)
ot be applied appropriately to these tool-spindle systems because machine tool spindles, clamping
i¢es and tools show essentially different features:

machine tool spindles, clamping devices and tools are varying systems (e.g. by tool changes in

rarying balancing conditions for tool-spindle systems;

flit tolerances of the individual components (spindle;¢lamping device and tool) set limits to the
balancing process.

In pgrticular, clamping inaccuracies between toolsystem and machine tool spindle set limits to the
repegtability of the balancing conditions. This.\document, however, does not specify details for the
balapcing of tool-spindle systems that include the machine tool spindles.

In view of this, procedures have been developed to derive the balancing requirements of fotating tool
systdms taking all essential parameters:into account. The main objective is the limitation ¢f unbalance
relatpd machine vibrations and systeht loads, as well as process interferences.

The pbove circumstances weré\the reasons to develop a new approach to specify the r¢quirements
for the balancing of rotating tool systems. This document is based on research results gathered at the
PTW “Institute of Produation Management, Technology and Machine Tools of the Technicgl University
Darmstadt”, the GFE “ASsociation for Manufacturing Technology and Development (Gesgllschaft fiir
Fertigungstechnologi€und Entwicklung e. V.)” in Schmalkalden (Germany) and the discugsions of the
German standards working group “Requirements for Balancing of Rotating Tool Systems”.

Reseprch resalts and experiences in practice have shown that this document is suitable frpm both the
techpical afhid’economical point of view.

AnngxCA shows several examples for static and dynamic balancing of differently shaped| tools while
modUutar tool SYSTems are addressed by e exampies of ANNEX B. ANNEX A aiso Inciudes the derivations
of the calculations of the dynamic permissible residual unbalances for the three different geometrical
situations mentioned in this document.

An introduction to the subject “balancing” is also included in ISO 19499. This document includes useful
information with regard to other standards dealing with the balancing of rotors.

EN 847 (all parts) contains additional specifications for the balancing tools for woodworking.

© IS0 2017 - All rights reserved v
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Balancing of rotating tools and tool systems

1 Scope

This document specifies requirements and provides calculations for the permissible static and dynamic
residual unbalances of rotating single tools and tool systems. It is based on the guideline that unbalance
related centrifugal forces induced by the rotational speed do not harm the spindle bearings, as well as
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The following documerits are referred to in the text in such a way that some or all of t
constitutes requirenients of this document. For dated references, only the edition cited
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bnt unbalance related impairments of machining processes, tool life and work pieceq
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Wear of the shank interfacesmay lead to possible variations of the clamping situatiop and thus to
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heir content
applies. For
hts) applies.

erms, definitions, symbols and abbreviated terms

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1925 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

NOTE

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/

The specific field of balancing requires the introduction of terms and definitions whi

accordance with ISO 13399.
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311

tool-spindle system

assembly of all components, i.e. machine tool spindle and tool system (3.1.2), which may cause unbalance
due to design, shape, run-out, etc.

3.1.2
tool system
assembly of at least two components

EXAMPLE A shank adapter and a single tool (3.1.3).

Note 1 to entry: The term “modular tool system” is being synonvmously used with “tool system” in this document.

Note 2 to entry: Component 1 (shank adapter) of Figure 1 could also be a tool that includes an interface tq hold
component 2

>
> N

n-1 n

A

]
T
L

Key

1 Compopnent 1: Shank adapter

2 Compopnent 2: Intermediate adapter
n-1 Component n-1: Intermediate adapter
n Compopnent n: (Single) cutting tool

Figure 1 — Example of possible components of a modular tool system

3.1.3

single tool
compositior] of the tool body,intermediate elements (e.g. cassettes, modular components) and the
cutting edgg¢(s) (e.g. cutting tip,.bit) for removing material from a work piece through a shearing artion
at the defined cutting edge(s)

Note 1 to entfy: The term“single tool” has the meaning “single cutting tool”.

3.1.4
basic adapter
adaptive itemWwith different types and sizes of male or female connecting interfaces (3.1.7) on both the
machine and workpiece side

3.1.5
intermediate adapter
adaptive item between a basic adapter (3.1.4) and a single tool (3.1.3) or another intermediate adapter

3.1.6
clamping device
device which constitutes the connection between machine tool spindle and tool system (3.1.2)

3.1.7

interface

contact point between the components of a tool system (3.1.2) and between a tool or a tool system and
the machine tool spindle

2 © IS0 2017 - All rights reserved
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3.1.8
unbalance moment
moment caused by an unbalance with an axial distance (i.e. a lever) to the front spindle bearing

3.19

couple unbalance

special kind of unbalance moment (3.1.8) caused by a pair of unbalance vectors of the same length,
opposite direction and axial distance

Note 1 to entry: It mainly occurs due to quasi-static balancing (see Figure 5 and A.5.2).

3.2 [Symbols and abbreviated terms
ablflyelz;il:::esdattgms Unit Description

a mm |Total lever arm — distance front bearing B1 to the todl'centre of gravity CG
a mm Machine_lever arm of generalized spindle model (i.exdistance from front bear-

ing to spindle nose, e.g. HSK face)

B1 — |Spindle bearing 1

B2 — |Spindle bearing 2

b mm |Distance between the balancing plan€s,P1 and P2

bmIN| mm |Minimal distance between the balancing planes P1 and P2

CG — |Centre of gravity

CS — | User (often also customer)

CpyN N Dynamic load rating(s) of spindle bearing(s)

D mm |Diameter

DRER mm |Reference diameter of a tool or a component for the G40 check

Ds mm |Reference shank flange diameter (e.g. HSK-63 — Ds = 63 mm)

€k,SYS,MAX mm |Maximum radial dislocation of component k within a tool system

es mm |Pure radial dislocation of a tool shank of a tool or a tool component

es,i mm |Radial dislocation of the tool shank of component i

/BAL — (Weighting factor for the balancing quality

fBALFINE —_J |Weighting factor for fine balancing

fBAL,STND ~—=  |Weighting factor for standard balancing

P MIN —  |Factor to prevent falling below a minimal permissible unbalance per plane

fsys,k — | Factor to calculate the permissible component unbalances of special tool systems
F N  |Force vector

FB N Total force on a spindle bearing

Fp1 N Bymamic}Foreeonspindltebearing Biduetoanunbatance

Fp2 N (Dynamic) Force on spindle bearing B2 due to an unbalance

FB1,cpL N Force at bearing B1 due to a couple unbalance

FB1,RES N Resultant force at bearing B1

FB1,STAT N Force at bearing B1 due to a static unbalance

G (x) mm/s |Balancing quality G (x) according ISO 1940-1, e.g. G 6,3

G40 mm/s |Safety limitation of the permissible unbalance according to ISO 15641

hp1 mm |Distance from RP to plane P1

hp2 mm |Distance from RP to plane P2

HSK-(x) — |HSK of size (x) representing all different types (A, C, E, T, etc.), e.g. HSK-63

© IS0 2017 - All rights reserved 3
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Symbols and

abbreviated terms Unit Description
; __ |Index for serially numbered parameters or components (balancing planes, tool
components, etc.)
k —  |Number of tool system components
ksys — Total number of tool system components
ksys,sTND — Total number of components of a standard tool system ksys,sTnp = 3
L mm |Length of a single tool or a tool system component
Lp mm |Distance between the spindle bearings B1 and B2
LoL mm Maximum length from RP to plane P2 that still enables mass compensatign
i.e.Lpg, <L
Lcg mm |Lever arm from RP to the tool centre of gravity CG
Lca,i mm |Lever arm to the centre of gravity of component i
Lca,i,sys mm |Lever arm to the centre of gravity of component i within a topl'system
Lca,sys mm |Lever arm to the centre of gravity of a tool system (distance from RP to CG)
Lca,svys,i mm |Lever arm to the centre of gravity of a tool system of (i}, components
Lca,sys k mm |Lever arm to the centre of gravity of a tool system.of (k) components
Lcg,sys,3 mm |Lever arm to the centre of gravity of a standardtool system of (3) components
LepL mm Distance be_tween the planes of the initial ynbdlance _and the compe_nsating
unbalance (in case of a couple unbalancedue to quasi-static balancing)
Lpq mm | Distance from the spindle reference point RP to plane P1
Lpy mm | Distance from the spindle reference'point RP to plane P2
Lsys mm |Length of a tool system
LsTAT MAX mm |Maximum length of a tool ofiatool system for static balancing
Mass of a tool
m g (kg) , .
NOTE Input of masses in all formulae in gram (g).
MAVG g (kg) |Interface-relevantaverage reference mass of a tool or a tool system
mj g (kg) |Mass of toql System component i
mg g (kg) |Mass oftool system component k
MMAX g (kg) |Interface-relevant maximum reference mass of a tool or a tool system
MMIN g (kg) |literface-relevant minimum reference mass of a tool or a tool system
msys g (kg)~|Mass of a tool system
my g Unbalance mass
muy,p1 g Unbalance mass at plane P1
muy,p2 g Unbalance mass at plane P2
n min-1 |Rotational speed
NMAX,PER = Maximum-permissible rotational-speed
nsys min-1 |Rotational speed of a tool system
P1 — |Balancing plane 1
P2 — |Balancing plane 2
RP — |Reference point at the spindle nose (e.g. the HSK face)
r mm |Radius
RpyN — |Ratio of utilization of the dynamic load rating Cpyn
RL/D — |Ratio of tool length to diameter (to decide about static or dynamic balancing)
RSTAT,MAX — Limit ratio for static balancing (Rstat,max = 2,2)
R;TAT,MAX — |Limit ratio for static balancing of tools with guidance
4 © IS0 2017 - All rights reserved
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Symbols and

abbreviated terms Unit Description
™ — | Tool or component manufacturer
U gmm |Unbalance (NOTE The unit “gmm” is equal to “g-mm”.)
[] gmm |Unbalance vector
UsM,MIN gmm |Smallest measurable unbalance of a balancing machine
UsM,Acc gmm |Measuring accuracy of a balancing machine
UcplL, gmm?2 |Couple unbalance
Uscd gmm 'u'u‘ualauu.c detoradiatdistocatiomrfeccentricity)retativetotiregpindle
rotary axis
Used: gmm E(?tk;ilancg of component i due to radial dislocation relativete._the gpindle
y axis
Urcdmax gmm |Unbalance due to a maximum radial dislocation (i.e. eeeéntricity)
Uscdisys gmm yvril:)hailrzlagctigluse to radial dislocation of component ixeldtive to comppnenti - 1
ystem
Upcdi Max gmm ISV[aximum unbalance of component k due to radial dislocation within a tool
ystem
UG (x),PER gmm |Permissible residual static unbalance according to ISO 1940-1
Ug4g gmm |G40 safety unbalance according todS0/15641
UMIN gmm |Achievable minimum residual untbalance
UMIN,SYS,k gmm |Achievable minimum unbalance of a tool system of k components
UMOM,STAT gmm |Moment of a static unbalance UsTtat (located in CG)
Up gmm |Unbalance per plane
Up,MIN gmm |Minimum unbalanece per plane
Up,PHR gmm |Permissible residual unbalance per plane
Up1 gmm |Unbalanceat balancing plane P1
Up2 gmm |Unbalanee’at balancing plane P2
Up1,BER gmm |Permissible residual unbalance at balancing plane P1
Uljl. LER gmm (| Up1,per but with the same angular orientation as Upz per
Up1,BER,LIM g™ |Limited permissible residual unbalance at balancing plane P1 (case|F)
Up2,BER gmm |Permissible residual unbalance at balancing plane P2
Up2,BER,LIM gmm |Limited permissible residual unbalance at balancing plane P2 (case|F)
Uqgs gmm |Quasi-static unbalance (see Figure 5)
UsTAlr gmm |Static unbalance
UsTA[r, ACT gmm |Actual measured static unbalance
UsTATRAL amm—— Staticunbalance weighted by faat
UsTAT,MAX gmm |Maximum static unbalance
USTAT,i, MAX gmm |Maximum static unbalance of componentiin a tool system of ksys components
USTATLSYS PER gmm Permissible resifiual st_a_tic un_bal_ance of a universal component i that may be
TS placed at any axial position within a tools system of ksys components
UsTAT1 % gmm |Static unbalance to ensure Fg1/CpyN < 1 % at spindle bearing B1
UsTAT,MAX,A gmm |Maximum possible static unbalance of case A in Figure 7
USTAT,MAX,B gmm |Maximum possible static unbalance of case B in Figure 7
USTAT,MAX,C gmm |Maximum possible static unbalance of case C in Figure 7
USTAT,PER gmm |Permissible residual static unbalance
USTAT,PER,CS gmm |Permissible residual static unbalance for the user

© IS0 2017 - All rights reserved
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ablflyen;g(;lesdatl:egms Unit Description

USTAT,PER,FINE gmm |Permissible residual static unbalance for fine balancing

USTAT PER FINE RES gmm Resulting permissible residugl static unbalance_ofa fine balanced tool or com-
R ’ ponent taking Umin and G40 into account (see Figure 13)

USTAT PER FINE 4 gmm Permissible residual static unbalance of a component, fine balanced for a tool
BT system of 4 components

USTAT PER FINE 5 gmm Permissible residual static unbalance of a component, fine balanced for a tool
R ’ system of 5 components

USTAT PER FINET — Permissible residual static unbalance of a component, fine balanced for a tool
S system of 6 components

USTAT,PER,STIND gmm |Permissible residual static unbalance for standard balancing

USTAT,PER,TM gmm |Permissible residual static unbalance for the tool manufacturer

USTAT,sYS,PEH gmm |Permissible residual static unbalance of a tool system

Ustat sys pEd FINE gmm Permissible_residual sFatic unbalance of an assembled (quasi‘monolithic) tofl
i system for fine balancing

Ustat sys pEL STND gmm Permissible residual static 1_1nbalance of an assembled-{quasi monolithic) tojol
e system for standard balancing

USTAT,P1,P2 gmm |Resulting static unbalance after a dynamic (tw@splanes) balancing process

e m/min |Peripheral speed at the cutting edge

VG40 m/min |Peripheral speed limit of G40 according t0:\ISO 15641- vg40 =1 000 m/min

VREF m/min |Peripheral speed of the reference tool diameter (i.e. biggest tool diameter)

Xp1 mm |Distance between plane P1 and teol centre of gravity CG

Xp2 mm |Distance between plane P2 anditool centre of gravity CG

a ° Angle

ap ° Angular orientation of the unbalance at plane P1

ap2 ° Angular orientation(of the unbalance at plane P2

ay ° Angle between static and couple unbalance

PST grgné Density of Steel (7,8 mg/mm3)

Q rad/s |Angularvelocity of a component or a tool

4 Requirements

4.1 Genefal

4.1.1 Clamping inaccuracies

Unbalances Which are not related to the balancing quality of a tool may occur due to clamping
inaccuracies caused by fit tolerances, e.g. when inserting a tool into the machine tool spindle. Even if
a balancing result stands for a smaller eccentricity than the possible shank eccentricity, this balancing
condition cannot be reproducibly achieved with every clamping action of this tool, either in the spindle
of a machine tool or of a balancing machine. A radial joining inaccuracy of several micrometres may
occur depending on shank type and size (see Table 2 for radial joining dislocations of different tool
interfaces). Factors such as wear and run-out of the different interfaces may lead to a worse joining
accuracy, thus generating a bigger residual unbalance of the tool-spindle system.

4.1.2 Influence of balancing machines

The achievable residual unbalance of a tool is limited by type and precision of the balancing machine
(see 4.2.2 and 4.2.3). Table 2 shows the unbalance measuring limits of balancing machines built for
different tool masses.

6 © IS0 2017 - All rights reserved
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Systematic eccentricities like a run-out of the balancing spindle can be eliminated by index balancing.
This procedure is described in ISO 21940-14.

NOTE
machines.

ISO 21940-21 describes testing procedures for evaluating the limits and the performance of balancing

4.1.3 Effects and frequent consequences of permissible residual unbalances according to
ISO 1940-1

The following two examples show that common balancing qualities based on ISO 1940-1 are already
exceeding possible limits.

The

resid
corrg
than

permissible
5 of 1 000 g
ilue is lower

requently required quality level G 2,5 at a rotational speed of 25 000 min-1 mean$'a
ual unbalance of only 1 gmm/kg. The residual unbalance of 1 gmm for a toolmas
bsponds to a permissible eccentricity of just 1 pm for the tool centre of gravity: This v4
a new HSK can repeatedly provide (see Table 2).

P increasing
,6 gmm/kg)
eccentricity

In c4
conti
inor
of th

se of tools of even lower masses and higher rotational speeds, the requirements ar
nuously. A HSK-40-tool of 350 g may only have a residual unbalance 60,21 gmm (i.e. Q
Her to comply with G 2,5 atarotational speed of 40 000 min-1. It also-means a maximum
e tool centre of gravity of only 0,6 um.

" realization
P measuring

Both
are 1
accu

examples show that neither the measurement of these residual unbalances nor thei
eliably possible due to the clamping inaccuracies in a balaricing machine itself and th
facy of commercially available balancing machines.

balances for
bnce lead to
bpendent on

It al{
diffe
vary
thet

o results from ISO 1940-1 that the same quality.devel permits different residual un
Fent tool masses at the same rotational speed:Different unbalances as a consequg
ng centrifugal forces, i.e. spindle loads. The;dynamic spindle load, however, is not d
bol mass but on the unbalance of the tool system and its resulting forces.

4.1.4 Inherent properties of maching teols and components

The yibration amplitudes of a machinestructure are related to the exciting force and frequency, as well
as to|the dynamic properties of the machine tool system. The same grade of excitation leads to higher
vibration amplitudes if the frequency-dependent dynamic flexibility of a system is worde at certain

frequiencies of excitation.

Ther]
requ

efore, as far as the machine and in particular the tool-spindle system are concerned, the balancing
rements depend-en the dynamic properties of the tool-spindle system. A universall description

of th
mach
resid

A re

e dynamic properties of machine tools is not possible. However, a limitation of unbal
line vibratiohs may be achieved by balancing a tool to the limit of the reproducibly
ual unbalance, Umy (see 4.2.3).

hnce-related
y achievable

luction of machine vibrations can also be achieved by altering the cutting speed if

the relevant

t operating
range of the

mach
speed Tz
machine.

lifiing process allows a modification of technological parameters within the relevaj
range. 1 0u [TC ©XCl formr coultd R place 1T [TIOTE abic Ay TITarTi requer

Oe. Y

4.2 Balancing requirements based on the spindle load

4.2.1 General

In order to limit unbalance-related periodic loads on the spindle bearings, it is necessary to balance
tool systems in dependence of the rotational speed and the properties of the spindle systems specified
in this document (see Annex A for the theoretical approach). Figure 2 shows the structure and the
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geometric conditions of the general tool-spindle model with tool unbalances and their related forces for

the bearing

NOTE

B1 taking the highest load.

quality levels like “G 6,3” according to ISO 1940-1.

Z

This document indicates all permissible residual and other unbalances in “gmm”. There are no specific

Key

1 bearing}
2 bearing}
3 centre of

The univers
the forces H
combinatior
Ucpr,. When

§ 2

Faipes

N"—m STAT Vo
2

3

UMOM,STAT

B1
B2
gravity CG

Figure 2 — Tool-spindle model showingiimbalance-related forces

al approach to determine the load Fg1 rg§ at bearing B1 is calculating the vector sy

| of a static unbalance, UstaT, located.in the tool centre of gravity and a couple unbal
static balancing, material should be.removed or added at or next to the place of the mat

imbalance i order to minimize residual dynamic unbalances.

The force Fy,

within the 1

FB1,RES/CDYN =

A dynamic
unbalance v

3). This “tW
tools and to

1,REs on the front spindlebearing B1 shall not exceed 1 % of the dynamic load rating
elevant rotational speed range. It is important to note that this dynamic load limit
1 % is independent\of the tool mass.

unbalance situatiu of a rigid rotor can be alternatively described by two indeper
ectors Up1 and UPZ located in two axial planes P1 and P2 with the distance b (see Fj

o-plane-bdlancing” procedure has prevailed in the industrial balancing practice of
bl systems,

B1,sTAT and Fp1,cpL. These forces are.generated by a so-called “dynamic unbalance],

m of
the
ance,
erial

CDYN
ratio

1dent
ure
rigid

Key
1 planel
2 plane2

Fi

gure 3 — Model of a spindle and a tool with a two-plane dynamic unbalance

The permissible residual static unbalance, Ustart,1 9, [see Formula (3)], however, has been calculated for
a static unbalance located in the tool centre of gravity CG (see Figure 4). The decision whether static or
dynamic balancing is required depends on a certain L/D-ratio of the tool (see 4.2.4 for details).

8
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- B1
Ustar

(G

Figure 4 — Static unbalance in the tool centre of gravity CG

The permissible unbalances Upipgr and Upzper for dynamic balancing have been derived from
UstaT pER located in the tool centre of gravity CG and based on the mandatory requirement that the load
on spindtebearing sh ot-exceed-the img-generatedby-thepermissibte-statie unbalance,
UsTAT,PER (see 4.2.5).

A “short” tool according to 4.2.4 is being balanced statically. Due to functionally required fool designs,
the dentre of the related unbalance is usually not located in the tool centre of-gravity CG. For single
tools, this so-called quasi-static unbalance, Uqgs (see Figure 5), is generated-by cutting tjps and chip
flutep, thus often located near the tool front.

UOS

G LCPL/Z

'UQS

Key
1  dorrection plane
2 dentre of quasi-static unbalance

Figure 5 — Couple unbalance due to quasi-static balancing

“At the balancing machine”, it is difficult for an operator to define the centre of gravity of the unbalance
positfion. Even if the unbalancepgsition was obvious, removing material directly on the opgosite side of
the tpol body is often not possible either.

Thergfore, static mass gompensations often happen near the shank due to the bigger tool diameters.
This|means a distapceLcpl, between the initial unbalance, Ugs, and the correction plane of the
compensating unbalance, -Ugs.

The yesult is a-statically balanced tool with a remaining couple unbalance, Ucpy, [see Formula (1)] — an
exceptional type of dynamic unbalance with the unit (gmm?2).

epL = Uqs * LepL (1)

The distance Lcpy, varies unpredictably depending on the tool design and the position(s) of the balancing
measures. Therefore, the forces on the spindle bearings induced by a couple unbalance, Ucpy, are
unknown and cannot be taken into account for static balancing. Nevertheless, it is possible to calculate
the bearing forces Fg1 and Fgp which are equal for both bearings because of the couple unbalance (see

Formula (2)).

2
U 2 L 21xn
B

Formula (2) also shows that the ratio of L¢p, and Lp has a significant influence on the bearing forces.
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In practice, this aspect has not been taken into account for static balancing. A.5.2 shows for a single tool
with one cutting edge — statically “worst case” balanced with the biggest possible distance Lcp, — that
this effect is far below the “1 % of Cpyn rule” and may therefore be neglected for static balancing.

When static balancing, material should be removed or added at or next to the place of the material
imbalance in order to minimize residual dynamic unbalances.

The spindle parameters Cpyn, am and Lp are specific for each interface type and size (see Table 2).

The schematic sketch of a tool-spindle system in Figure 6 shows the main parameters that are also part
of Figure 2.

Lg ay Leg
1 /2 3
. 7 /
Bl 7 i
o ST R i)
L]
b
|
Key
1 plane P1

2 centre of gravity CG
3  plane P2

Figure 6 — Model of a tool-spindle system showing the main parameters

The limitation of the loads on the bearings‘is the basis both for static and dynamic balancing in this
document. The bearing planes represent\thie tolerance planes of the tool-spindle system in the gense
of ISO 1940}1. As tools and tool systéms are the only varying components of a tool-spindle systgm, it
would not bg sensible to add/remove material to/from a machine tool spindle.

So the plang¢s P1 and P2 at thé-+tool body are the correction planes of the tool-spindle system. At the
same time, fhey are also tolepance and correction planes of the tool systems, thus enabling dynamic
balancing imdependently~ftom the machine tool spindle. The permissible dynamic unbalances| (see
4.2.5) are c3lculated fox.the planes P1 and P2 which can be individually defined for over-mounted tool
systems accprding té.the rules of this document.

4.2.2 Determination of the balancing requirements

Formula (3) shows the residual unbalance at a maximum bearing load ratio of Fg1,rgs/Cpyn =1 % at
spindle front bearing B1. As already mentioned in NOTE 1 of the scope, this document has been initially
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developed for HSK interfaces (sizes HSK-25 to HSK-100) but is also applicable to shanks and spindles of
similar quality and known possible clamping dislocations (see Table 2).

C L
_ 5 Coyn B
Ustat,196 =9,12%107 x ¥ X(LB+a] 3
with
a = ay +LCG (4)

The racidual yynhalancac calonlatad 'Jr‘r‘nrdinn' to Fnrmn]a (2 raprncant tho rangn B x'n'rhin}* the Splndle

...............................

bearjngs remain undamaged.

In orfer to give an option to adapt the balancing quality to different machining processes, two weighting
factdrs fgal for standard and fine balancing are proposed in Table 1. Both fga, factors can e applied to
single tools and tool systems (see Clause 5 for components).

Table 1 — Weighting factors fga,

Standard balancing fBaL = fearGmip =0.8

Fine balancing fBaS ¥8aL, ring =0,2

Formula (4) and fgar, modify Formula (3) to

o~

€ L
5 DYN B
i = fant XU =9,12x10% x fzp, #—2IN « >
STAT,BAL = /BAL *UsTAT,19% JeaL n2 (LB +ay +Lgg ] ®)

The permissible residual static unbalance, U§pat pgR, also has to take the possible fault UvN [for details,
see Hormula (10) to Formula (12)] into acebunt.

o~

Imin =Usm, acc +Ugcc (6)

A togl will not exceed UsTaT 1910 @ machine tool spindle if Umin had been subtracted, thus|defining the
pernjissible static unbalance;-Ustat peR, for its balancing process to

I

/sTATPER =UstaTa% —UmIN (7)

So, the formula ofthe permissible static unbalance finally is

Ly

—

nZ

frar XC
I sT&rVER <9,12x10° xZBALZZDYN —(UBM,ACC+m><eS) (8)

Tools and tool systems show certain radial and angular run-outs to the spindle axis (i.e. the axis of
rotation) after insertion into the machine tool spindle. In the worst case, the full radial dislocation eg
might occur. In order to estimate the possible maximum actual unbalance in practice, Ugcc needs to be
added again to UstarT,pER calculated with Formula (8).

Ustatmax SUstatper +Ugcc =UsTaTpER 1M X%ES 9

NOTE Radial dislocations also occur between components of modular tool systems. B.1 shows a calculation
example for a tool system consisting of three components.

The dynamic load rating, Cpyn, the machine lever arm, aym, and the distance between the spindle
bearings, Lp (see Figure 2 and Figure 6), are specific for any spindle interface and can be taken from
Table 2. The total lever arm from the front bearing to the tool centre of gravity is composed of the
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machine lev
specified by

er arm, ay (see Table 2), and the tool lever arm, Lcg. The tool related lever, Lcg, shall be
the user and is defined as the distance from the reference position RP at the spindle nose

(e.g. the HSK face) to the tool centre of gravity, CG. The factor 9,12 x 105 arises from the converted units
of the different parameters. The rotational speed, n, has to be entered in min-1.

The smalles
depending o

t achievable unbalance is determined by the measurable unbalance minimum, Ugm, min,
n the quality of the balancing machine. This is only possible without any run-out fault.

In practice the minimal unbalance measurement, Uvn, might be bigger than Ugm Min. It depends on the
measuring accuracy of balancing machines, Ugm acc, and on Ugcc caused by radial dislocation(s). Umin
has to be subtracted from UstaT 1 9, so that the permissible static unbalance, Ustat,pgR, of a tool shall

not exceed
the machine

In case of h
system stat

of spindle and tool system.

If the unba
permissible
possible val

L L ol ££ 4 PR | H +lo Lol - L A | £i :
JblAl'l Yo CVLILIT DULIT TIHITLLS UtLullrtu uul llls LIIc ucuau\,lus lJl ULTOS Ul/ dliu a1l vvdl S ln

tool spindle.

pavy tools and high rotational speeds, UstaT per may take on low values near |[Umn.| This
1s, however, may only be achievable by balancing the joined tool-spindle system composed

ance Ugcc,max caused by eccentricity happens to exceed the unpalance UstaT1 of the
unbalance UstaTpEr takes on even negative values. Umin, howeéver, remains the lgwest
le. Formula (10) to Formula (12) give an idea of these circumstances.

12
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taper of a HSK-50)

¢ Dgisthe diameter of the shank flange.

f The values of Upm,acc can be set equal to Ugm MIN-

e Upm,miN and buin refer to the average component mass mayg.

d  Balancing for Ugm MmIN requires optimal clamping conditions in the balancing machine.

SZ
Name| ISO 1 2 3 4 5 6 7 8 9
12164-1
25 32 40 50 63 80 100 125 160
HSK [12164-2
othera | 32 40 50 63 80 100 125 160 200
266231
PSC — 32 40 50 63 80 100 — —
26623-2
Shank type 266221
TS — 32 40 50 63 80 100 — —
26622-2
7388-1
T;}%‘Zr ;zjij — | =13 | — | 408945 | 50 | I | 60
9270-2
Intetface-relevant com- | MMIN [kg]b 0,1 0,2 0,4 0,6 1,0 2,0 3,0 b,0 10
pongnt mass of a tool or| mymax [kg]P 0,3 0,6 1,2 250 4,5 7,0 13 P5 60
tool system mave kgl | 02 | 04 | 08«[>1,3 | 28 | 45 | 80 15 35
Parameters Units
CpynN N 6800|8800+412 200|17 600|25000|30000(42500|42500|42 500
aM mm 20 25 35 45 50 60 90 110 130
Lp mm 170}"200 230 300 415 650 730 130 730
HSK mm 25 32 40 50 63 80 100 125 160
Dge PSC mm — 32 40 50 63 80 100 — —
TS mm — 32 40 50 63 80 100 — —
7/24 mimn — — 50 — 63,55 | 82,55 | 97,50 — 155
HSK mm 0,002{0,002| 0,002 | 0,002 | 0,002 | 0,003 | 0,004 | 0j004 | 0,004
PSC mm — (0,002 0,002 | 0,002 | 0,002 | 0,003 | 0,004 — —
e TS mm — 10,002]| 0,002 | 0,002 | 0,002 | 0,003 | 0,004 — —
724 mm — — 10,003 — 0,003 | 0,004 | 0,005 — 0,006
UM, MIf(&¢ gmm 0,751 0,75 | 0,75 0,75 0,75 0,75 1,5 3,0 3,0
Usm,acct gmm 0,75 (0,75 | 0,75 0,75 0,75 0,75 1,5 3,0 3,0
bMine mm 60 60 60 60 60 60 80 100 100
a  ‘“other*Tmreans one Size Satter taper sirank compared to-the fange diameter e g flange G63mmrcombined with the

b myn and mumax are reference masses to classify components with non-listed shank types for the spindle sizes 1 to 9.
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4.2.3 Measuring accuracy of balancing machines, influence of run-out and repeatability of
measuring results

The measuring accuracy of balancing machines is limited and unbalance measurements may also vary
due to the influence of different faults occurring during the measuring sequence.

Spindle interfaces of balancing machines as well as tool/component shanks show certain minimal radial
and angular run-outs. The corresponding unbalance, Ugcc, takes relevant effect as the measuring result
depends on the joining accuracy in the balancing machine tool spindle. Table 2 shows reference values
of eg for the most common shank interfaces. The radial clamping dislocation in the balancing machine is

supposed to be better than in a machine tool spindle.

The second factor is the smallest measurable unbalance, Ugm miN, Which depends on the type and\s}ze of
balancing machines. Low tool masses (<1,5 kg) make the measuring limits of balancing machines more
apparent. Ugm,acc is the measuring accuracy of balancing machines. Values for Upm min and Ugm,adc are
listed in Tahble 2.

Ugcc and UEM'ACC sum up to the reproducibly measurable residual unbalance, Upmn, of a tool-spindle
system as slhown in Formula (10). If better balancing results become necessary,€:g. due to applicdtion-
related reqyirements, solely balancing of the complete tool-spindle system (fachine tool spindl¢ and
tool system|in their joint condition) may be an option.

As mentiongd above, the accuracy of balancing depends on the medSuring accuracy of balancing
machines, Ugm,acc, and the influence of limited run-out, es (see Table2):

Umin <Upm,acc +Ugcc =Upm,acc tmxes (10)
Adjusting apd eliminating radial and angular run-out faults' (i.e. Ugcc —0) may lead to the smallest
possible valfie of Umin, as shown in Formula (11):

Umin ZUgmmIN (11)
what finally|defines the range of Uymn to Formula (12):

UgmmiN|=Umin =Upm,acc +Ukcc (12)
Measuring @dynamic unbalances‘\is more complex and difficult compared to static unbalances.|As a
consequence, the minimal permissible residual unbalance per plane, Up, miN, cannot be less than {mn,
i.e. Formula|(13):

Up,miN $UmIN (13)
This means [n the'worst case (i.e. the unbalances of both planes have the same angular orientation) that
the resulting static unbalance, UstaT p1,p2, may take on twice the amount of Uun [see Formula (14)]:

Ustatp1,p2 =|Up1,pER TUp2 PER ‘ 2 ‘UPLPER ‘+ ‘UPZ,PER ‘ 22xUyN (14)

Ustat,p1,p2 of a dynamically balanced tool may statically only reach the minimal value Uwny with
certainty if it is being finish balanced statically.

UmiN is the horizontal bottom line in Figure 13 showing the graph of a typical HSK-63 tool with a mass

of 1 000 g.

Values below Umn, even if displayed by a balancing machine, may not be reproducibly measurable after
a subsequent tool changing action. So, balancing results below the horizontal lines of Uyn may only be
achievable by balancing the assembled tool-spindle system.

14
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Different balancing conditions at tool manufacturers (TM) and users (CS) can lead to different balancing
results for one and the same tool (e.g. caused by tool adapters of different clamping accuracies, brand,
measuring quality, maintenance state of balancing machines, etc.). To prevent irritations due to this, it
is recommended to implement a tolerance range of £15 % for UstaT,pERr On both the manufacturer’s and
the user’s side.

This means that the permissible unbalance values for both static and dynamic balancing may be
lowered for the initial balancing process and increased for a subsequent verification by 15 % each. In
case of dynamic balancing, this tolerance range should be applied per plane.

NOTE 1SO 1940-1 and ISO 21940-14 recommend a detailed consideration of machine-related faults.

balanced to
nt balancing

EXANMPLE In case of a permissible static unbalance of 10 gmm, a tool has to be
UstatPERTM = 8,5 gmm (=15 %) by the manufacturer. For subsequent verification on a differe
machfine (e.g. at the user), a residual unbalance of UstaT pER,cs = 11,5 gmm is a sufficient valtg;

4.2.4 Application criterion of static and dynamic balancing

The parameter Ry/p to decide between either static (one-plane balancing)or dynamic balg
plang balancing) is the ratio between Lg|, and Ds, and defined as Formuday(15):

incing (two-

_ Ly,
L/D=""

D (15)

The limit ratio RstaT Max to indicate the beginning of dynamic balancing is shown in Formu

la (16):

LgTaT MAX
RsTAT, MAX :—D, <22 (16)
s

Lgy, dnd LstaTMAX are lengths from the spindlereference point RP (e.g. the HSK face) to thg front most

possjble balancing plane (where the tool body-still enables a mass compensation) and, therefore, shorter
than|the tool length, L, i.e. Ly, < L. The size-of the interface represents the reference diameter, Ds, (see
Figure 6), e.g. HSK-A63 — Ds = 63 mm=

Toolg and tool systems that exceed Lstat,max (i-e. RL/p > RstaT,MAX ) should be balanced dypamically.
Dynamic balancing, however; 1s-only sensible if Lpy, is bigger than the minimal distance, bgin, between
the Balancing planes, P1 and P2. This dimension can be determined for different balancing machines
from| Table 2.

4.2.5 Permissibleresidual dynamic unbalances

4.2.53.1 General

The of the static
| % of Cpyn.
This is the case if the load ofbearlng, Bl caused by a dynamic unbalance of 2- planes Corresponds with

the load of a static unbalance at the same conditions.

lerlvatlon of the perm1551ble res1dual dynamic unbalances also follows the guideline

Unbalances are vectors of varying length and angular orientation, perpendicular to the rotating axis
of the tool. In order to keep dynamic balancing jobs as simple as possible and to retain the prevailed
tooling balancing practice, the permissible dynamic unbalances shall not depend on their angular
orientation. This is the case if the sum of the absolute values of the unbalance vectors of planes, P1 and
P2, cannot exceed the permissible static unbalance, UsTAT PER-

In case of a dynamic unbalance, the static unbalance can be calculated by adding the two unbalance
vectors of the balancing planes, P1 and P2. Figure 7 shows three unbalance situations A, B and C of

different angles between the unbalance vectors Up; and Up,.
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Figure

Upyper is
Upppir- Al
(i.e.length)
and B), hov

UsTAT,PER -
and Up; pgR

NOTE 1
their operati

NOTE 2
practice and
possible conf
relevant calc

The process of dynamic balancing by using two balancing planes is well-established in the induy|
hlso applied in this document. The cases\D, E and F of dynamic balancing result from three different

Ustatmax -
N Ustatmax =
. i P1PER
Up1per 'USTAT,PER|
[
- - ] -
Upieer L/ Uptper ||| Upper
P2,PER
A: 90° < o < 180° B: 0° < a=90° CGCa=0°

j — l_jSTAT, MAX and (}STAT,PER depend on the angle a between (_jpl‘ PER and [jPZ,PEP

the vector of the permissible residual static unbalance with the same orientation
| three dynamic unbalance situations of Figure 7 result in th® same absolute j
Df ﬁSTAT'pER . Different angles between the unbalances of the planes, P1 and P2 (see ca
pever, lead to different possible maximum values of L?STAT'MAX which are bigger
Dnly case C with both unbalances having the same orientation, i.e. « = 0° between l}p

, takes care that Ugparmax and Usrarpgr are mandatorily equal.

g speeds.

igurations of the two balancing planes’and the centre of gravity. 4.2.5.2 and 4.2.5.3 provid
hilations.

like
ralue
ses A

than

1,PER

The bodies of tools, tool components and modular tog@l systems are assumed to be rigid in the range of

strial

e the

NOTE 3 Detailed mathematical derivations of the three dynamic balancing cases are shown in the[A.4.1
and A.4.2.
NOTE4  The calculations of the.permissible unbalances of the cases D, E and F are based on the same anjgular

orientation o

Formula (17

f both unbalances of.plane P1 and plane P2 (i.e. « = 0°; see case C in Figure 7).

) represents/this as follows:

Ustat,pir =UstaTpaxc <Ustat,Max,s <UstaT,MAX A (17)
For a = 0°, the-determination of the maximum possible unbalance UstaT,Mmax created by the unbalgnces
of the plane* PLand P2 isshownin Formula (18):

UstaTMAX = ‘USTAT,MAX ‘ =|Upz2,pEr TUp1,pER ‘ = ‘UPZ,PER ‘ + ‘UPI,PER ‘ (18)

4.2.5.2 Case D: Tool centre of gravity CG between the planes P1 and P2 (P1-CG-P2)

NOTE

P1-P2” (case E, 4.2.5.3.2) and “P1-P2-CG” (case F, 4.2.5.3.3).

Case D “P1-CG-P2” represents the standard case and should be preferred to the special cases “CG-

The derivation of Formula (19) and Formula (20) for the permissible residual unbalances Up1 pgr and
Up2,pER is based on Figure 8 which also shows the equivalent permissible static unbalance UsTaTpER
(dashed line) for a better overview. All unbalances are supposed to have the same angular orientation
as described along case C of Figure 7.
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The load on the spindle bearings due to the dynamic unbalances of planes\P1 and P2 shall n

than

The
mom
and |

—~

o~

At th

Up1 4
Fornm

o~

o]

If the
is to
sens

Lp,
Leg
am Lp Xp1 Xp2

a

B2 B =1 A
Q \% QP
N L e RP P1 (G
|
Uprper ¥ |

USTAT,PER *

Figure 8 — Case D: Tool centre of gravity CG between planes P1 and'P2 (P1-CG

the load due to the permissible static unbalance located in the centre of gravity.

ents according to Figure 8 finally lead to the following permissible unbalances for t

P2. The length parameters of Formula (19) and Formula (20) refer to the centre of grav
_ Xp2
/p1,PER =UsTAT,PER *
Xp1 T Xp2
Xp1
/p2,PER =UsTAT,PER *
Xp1 TXp2

er and Upy pgr refer to the reférence point (RP). This leads to the alternative Form

ula (22).

Lpy=Lcg

/p1,PER =UsTATPER * ]
p2 —Lp1

Leg —Lpg

/p2,PER =UsTATPER X L1
p2 —Lp1

re is an.asymmetric position of the balancing planes to the centre of gravity (i.e. one
close t0'CG), it can come to an unfavourable split of the permissible static unbalance
ble‘split of the permissible static unbalance is achieved if the minimal share per plane

-P2)

tbe greater

pquations of equilibrium for the unbalances UstaTper, UpfpER and Upz per and their unbalance

le planes P1
ity CG.

(19)

(20)

le balancing machine, it may be:tore suitable if the length parameters of the equations for

1la (21) and

(21)

(22)

f the planes

USTAT,PER- A
does not get

less

than 20 % of UstaT.PER ( fpmin =0,2 ). A similar situation is being described in ISO 1

940-1:2003,

7.2.2

and 7.2.3 for the tolerance planes at the bearings.

[t applies Formula (23):

Upper 2Upmin = fomiN *Ustatper =0,2%UstatpER 2UMIN

(23)

The dynamic unbalance values Uppgr of each plane should not fall below Uymjn. This may easily happen

with

© ISO

low values of Ugrprppr Which are slightly bigger than Uy .

2017 - All rights reserved
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4.2.5.3 Tool centre of gravity CG not between planes P1 and P2

4.2.5.3.1 General

Instead, between the two planes P1 and P2, the centre of gravity CG can either be located between
reference point RP and plane P1 (case E, Figure 9) or beyond plane P2 (case F, Figure 10). In both cases,
Formula (A.16) and Formula (A.18) lead to a negative unbalance value at one of the two planes. In terms
of technical mechanics, this would be correct because the permissible residual unbalances of the two
planes were opposite to each other.

This, however, would mean that unbalances were to be treated as vectors. Only taking their angular
orientationg into account could safely prevent the residual static unbalance from exceeding Usgat PER.
In the tooling industry, this has not been required yet and would not be practicable as well.

Therefore, tiwo different ratios of xp1 and xp are being introduced in Formula (24) and Formla (29) to
take care of|this issue, as well as to address the smaller permissible unbalance value to.plane P2 having
the longer lgver arm.

4.2.5.3.2 (ase E: Tool centre of gravity CG between spindle reference, RP, and-plane P1 (CG-P1-P2)

Lp;
Lpq \
M Leg Xp2
d Xp1
B2 B1,\ 3 i CP A /
R AEZZ;TRP G | P1I Pzg
7777 I UP1,PER UPZ,PER
|
|
USTAT,PER*

Figure 9 — Case E: Tool centre of gravity, CG, between spindle reference point, RP, and plange P1
(CG-P1-P2)

Formula (24) ensures thatplane P2 with the longer lever arm to the front bearing gets the smaller
share of the[permissiblewnbalance in case E of Figure 9.

U
P1LPER|_ Xp2 (24)

Upzper| Xp1

avity CG

(am +Lcg ) xXpy

(25)
ay +Leg )% (Xpy +Xpy ) +2xXpg XXpy

Up1,pEr =UsTATPER X (

(am +Lcg )xXpy

(26)
ay +Leg ) *(Xpy +Xpy ) +2%Xpy xXpy

Upy pER =UsTATPER X (
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Referring to the reference point, RP, Formula (25) and Formula (26) can be transformed into
Formula (27) and Formula (28):

(am +Lcg ) *(Lpz —Leg)

ap +Leg )% (Lpy +Lpp =2 Leg )+2%(Lpy —Leg ) *(Lpz —Leg )
(am +Leg)*(Lp1 —Leg )

ay +Leg )% (Lpy +Lpp 2% Leg ) +2%(Lpg —Leg ) *(Lpz —Leg )

Both lever arms of planes P1 and P2 are longer compared to the lever of CG with the consequence of

Up1,pER =UsTATPER * ( (27)

Upz, pER =UsTAT,PER X ( (28)

relatiprely-smatpe bleresidual-anbala —Herrrraia-Hpoprr—TherSu : aan USTAT, PER
and nay easily lead to values below Upn.
CaselE usually does not occur in practice or should be avoided if possible.
4.2.5.3.3 Case F: Tool centre of gravity CG beyond plane P2 (P1-P2-CG)
a
b
Lpy Xp
am Lp1 | Xp1

B2 B1
_A_ %;7 Lo RP P1 P2 /;\ (ECP
7777,

UPZ,PER
UP1,PER

|
|
|
|
|
Ustat fer *

Figure 10 — Case F: Toolcentre of gravity, CG, beyond plane P2 (P1-P2-CG]

CaselF of Figure 10 is more likely in practice than case E. Providing the smaller share of the unbalance
again to plane P2 (the plame with the longer lever arm) leads to the split-up ratio of Formulg (29):

J
P1PER _ Xpq (29)

Up2PER ~ Xp2

Case|F with the)smaller lever arms of P1 and P2 compared to L¢g, however, leads to relatively big values
for Yp1,per@nd Upz per according to the equilibrium of unbalance moments of Formula (|A.29). Their
sum would be bigger than UstaT per While the spindle load was still correctly limited. Depehding on the
angulariorientation, this may lead to a higher static unbalance measurement than Ustat pgr and cause
irritations in practice. Therefore, the two unbalances Up1,pgr and Upz,pgr shall be limited so that their
sum cannot exceed UsTaT,pER (see A.4.2.3 for details).

Together with the split-up ratio of Formula (29), the corrected permissible residual unbalances,
Up1,pER,LIM and Up2 peR LiM, referring to CG are given in Formula (30) and Formula (31):

Xp1
Up1,perLIM =USTATPER X ——— (30)
Xp1 tXpp
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Xp2
Upz,pER LIM = USTAT,PER * (31)
Xp1 T Xp2
The corresponding Formula (32) and Formula (33) refer to the reference point, RP:
Leg —Lpy
Up1,pERLIM = UsTAT,PER * (32)
2xLog —(Lpy +Lpz)
Leg —Lpp
Up2,pERLIM = USTAT,PER * (33)
2x LG —(Lpy +Lpy)
A too small fistance from plane P2 to the gravity centre CG would here as well lead to an unfayoufable
split of the germissible static unbalance. The minimum unbalance value per plane, Up, MIN, a¢cordipg to
Formula (23) has to be kept here as well.
Finally, the application of the general rule of Formula (10) prevents that any calculated.plane unbalance
falls below Yymn for case F.
4.2.6 Balancing requirements for tool systems with guidance
Cutting tools with guidance in and/or outside the bore (e.g. slim tools fat the machining of valve guide
bores or long boring bars for camshaft bores) transfer their cutting fofces and the load of their resjdual
unbalances mainly to the supporting points along their tool body..THe specification of the permigsible

unbalance V|

Standard to
more or les

have to be designed asymmetrically due to their required function.

These tools
and unbalar
spindle bea
kind of toolq

NOTE
the calculatid

*

R STAT,MAX]

Short tools
area in Figu

Due to the design of tools with-gtiidance (Lpy, is too short or even not available; see Figures 11 an

dlues for each support bearing location is up to the manufacturers’ choice.

pls with guiding properties like twist drills, care drills and reamers are usually designed
symmetrical. Gun drills, as well as special reamers and fine boring tools, however, pften

are supported in the bore by their own guiding elements (e.g. guide pads). Cutting fi
ce-related centrifugal forces are transferred by the guide pads to the work piece. Thu
ings are not or only partly strainedby centrifugal forces due to unbalance at plane P2,
can be balanced according to thefollowing description.

brces
5, the
This

j Q)I
n of the ratio R;TAT,MAX refers to L instead of Lpy, [see Formula (15)], as shown in Formula (34)
L

=—=2,2

(34)
DS

L < 2,2 x Dgysee 4.2.4) with guide pads shall be balanced statically at the marked balai
re 11.

1cing

20
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HSK-A63

N
~

L =120

Key
1 guide pads
a  Balancing area.

Figure 11 — Short fine boring tool with guide pads, L < 2{2x Dsand Lgy, < bm|N

Longer tools (L > 2,2 x Ds) with guide pads as shown in the examplé€ of Figure 12 often show ¢onsiderable
unbgdlances in the cutting area at balancing plane P2 due to chip'grooves, etc.

3 |/4

HSK-A63

Lg
|
L =200
Key
1 guide pads
2 dentre of uhbalance
3 lane P1
4 lane\P2
a a}au\,;us arcd.

Figure 12 — Longer fine boring tool with guide pads, L > 2,2 x Ds and Lgy, < bmIN
The angular position of the unbalance at plane P2 is located opposite to the chip groove near the guide
pads which mostly consist of material of higher density than steel (e.g. carbide).

At small diameter tools, these unbalances cannot be removed for stability reasons. A symmetrical
design of such tools is not possible either due to the required function. An appropriate dynamic
balancing procedure of tools according to Figure 12 is described below.

Positioning the plane P2 in the centre of an unbalance simulates the machining situation because the
unbalance load of P2 will be transferred by the guide pads to the bore of the work piece and its fixture
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on the machine tool table. Thus, there is no significant load on the spindle caused by the unbalance of
plane P2, making this (impossible) balancing procedure obsolete. The unbalance of plane P1 outside the
bore, however, would stress the spindle bearings when the tool is in operation and should, therefore, be

removed.

Pure static balancing of such tools at the balancing area near the HSK would lead to a considerably
worse dynamic balancing condition in operation because a higher unbalance than before would remain

at plane P1.

Tools as shown in Figure 12 often have no guidance outside the work piece. A recommended procedure
is to enter the work piece that often has a pilot bore at a reduced rotational speed and switch to normal

parameters
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aimed at.

ience of the HSK (hollow taper shank) on the dynamic unbalance

cing of HSK adapters with the predominantly used HSK types A and’C results in rema
balances. In this case, it is a couple unbalance (see Figure 5)\due to the asymmet

particular effect on simple modular tool systems consisting of a short HSK adapter 4
Here rotation symmetrical adapters like shrink fit chuicks, hydraulic expansion chuc
5 are used in combination with symmetrical standard-tools like drills and milling cuttg
cally or dynamically balanced special tools.

apters are statically balanced at the HSK flanges according to the provisions of ISO 121

ane at the flange collar creates a couple)unbalance. Balancing of modularly designed
btermines certain residual dynamic unbalances.

htic balancing of HSK adapters has prevailed in practice due to a low influence on the

bf the users. The reason fer those unbalances, however, is exclusively caused by the 4
andatory balancing of HSKadapters type A and C.

vs the relevant two-plane unbalances for different HSK sizes. Balancing plane P2 h
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Table 3 — Dynamic unbalances of statically balanced HSK-A and HSK-C shanks

HSK size Static Dynamic unbalb- Couple unbalancea Anglec Unbalance mass
unbalance | ance per plane
Up =Upy =Up; UcpL
Dgd Ustat hp1=0 ap1 ap2 my,p1 = My,p2
(hp1 =0 mm) (= Up x 150 mm)
(hpz = 150 mm)
mm gmm gmm gmm? ° ° g
25e 0 0,2 30 0 180 0,02
52 0 0,5 75 25 205 0,03
10 0 1,5 225 15 195 0,08
650 0 5,2 780 12 192 0,21
b3 0 15,9 2385 5 185 0,51
B0 0 29,8 4470 7 187% 0,75
100 0 979 14 685 6 186 1,96
NOTE Particular applications like grinding do not need wheel adapters with the angular orientation of the|two different
HSK girive keys. Either a HSK with two deep keys or the HSK type E provide rotationally symmetrical shanks without design
related residual dynamic unbalances.
a  Yee3.1.9, Figure 5 and A.5.2 for explanation and details regarding couple unbalances.
b Dynamic unbalances of HSK-A (with or without data chip hole), in balanced condition according to the pr¢visions of the
HSK $tandard ISO 12164-1 (h1 = 0 mm) represents the face of the HSK flange.
¢ Angular reference: 0° cutting edge position according to ISO_12164-1 for single-edge tools on the low drive key (driver
hub);f angle indication of the unbalance position is clockwiseswith the line of vision from the shaft towards the tool tip.
HSK-[: Angles ap1 and ap; of all sizes are 0° and 180° due to their rotationally symmetrical collar (see HSK-C25).
d  Related to the HSK nominal diameters Ds, e.g. HSK-A63— Dp1 = Dpy = Dg = 63 mm.
e  HSK-C25.

4.3

Safety-related unbalance limitations (G40) according to ISO 15641

ISO 15641 provides the “G40” safety requirement to be taken into account for rotating tool $ystems. For
safetly reasons, the balancing quality of tools with a peripheral speed of more than 1 000 m/min shall
not he worse than G40 according to ISO 15641 when applying this document. This means that the static
unbdlance Ugso shall not(be ‘exceeded if the peripheral speed, vrgF, at the biggest tool digmeter, Drgr

(cuttiing edge or tool body diameter), is beyond vg409 = 1 000 m/min. See Formula (35):

o~

mx G40
JGao =— =< =

mxG 40x

60
27Txn

(35)

Ug4o|shallkbe compared with the permissible unbalances of standard and/or fine balancing.|The smaller
valug¢ shall'be applied.

4.4 Graphic visualization of the balancing requirements

As this document takes a lot of tool, spindle and machining-related parameters into account, the
balancing requirements cannot be derived from diagrams (compared to ISO 1940-1). It is easier and
less susceptible to faults, as well as more comfortable to calculate the permissible residual unbalances

with a computer program using the formulae of this document.

The single logarithmic graphs of the permissible static residual unbalances in Figure 13 visualize
the results of the permissible static unbalance and the restrictions for a HSK-A63 tool (m =1 000 g,
Lcg = 60 mm), as a single tool and as a component of different tool systems (see Clause 5).
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Figure 13 — Permissible static residual unbalances of a HSK-63 tool or component

The curves pf standard and fine balancing are all cut at the bottom by the horizontal line of Umyy and
may be limited’at the top by the Ugaq graph (see 4.3). The limitation by Umin (see 4.2.3) results ffrom
the accuracy of the balancing machine, Upm,acc, and the unbalance, Ugcc, caused by a radial clamping
dislocation, es. The unbalance, Ugcc, has to be calculated according to Formula (10) for each tool mass
and its possible radial dislocation (see Table 2).

NOTE See A.5.4 for a G40 calculation example.

Residual unbalances below the Umin lines [see Formula (6)] cannot be achieved process-safely by
balancing the tool system only. If this becomes necessary, the complete tool-spindle system would have
to be balanced to be able to eliminate the unbalance, Ugcc, caused by radial dislocation. In this case,
machine tool spindle and tool system are considered monolithic and the unbalance may be reduced to

UMIN = UM, MIN.
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4.5 Special tools with asymmetric body shapes

Manufacturing operations that require asymmetric tool bodies result in major unbalances which
sometimes cannot be eliminated.

Figure 14 shows a special tool with an eccentric single point cutting edge combining a two-step forward
bore operation with a reverse face cutting operation for machining an enlarged diameter.

— 1 — 2
B b
J— o JRU 1 I S )__l___
| [ . -'
— - b.--B ] J 2\
LLLTTTRHH
Key
1 lane P1
2 ilane P2

Figure 14 — Special single tool for standard forward'and eccentric reverse machining

The ghape of the tool body is based on the radial offset6f the tool to enter the bore and doss, therefore,
not dllow a mass compensation opposite to the eccentric cam. Removing sufficient materiall on the side
of the cutting edge is not possible either due to_stability reasons. The consequence is that{this kind of
toolg often cannot be balanced to fulfil the requirements of this document.

In orider to provide the best conditions forithe machining process, as well as for the spindlg bearings, it
is re¢ommended to

— 1Ininimize residual unbalance(s) as good as possible,

— ¢hoose the machine with-the most rigid spindle bearings,

— dlouble check the bearing load resulting from residual unbalance,

ddapt the machining parameters if the process makes this possible, and
— 1ise dampingmeasures to minimize the unbalance related vibrations.
NOTH In-these exceptional cases of special tools with residual unbalance, the main objective fis to produce

the workepiece. Finding the best machining parameters primarily aims at optimizing the machining process but
usually’also improves the dynamic load rating on the spindle bearings.

5 Balancing of tool systems

5.1 General

Tool systems consist of two or more components such as adapters, prolongations, reductions and
cutting tools. The majority of tool systems consist of two or three components that are either all
standard components (see Figure 15, G and I) or have at least one standard shank adapter and up to two
special components like an intermediate adapter and a single tool (see Figure 15, H and K). Standard
single tools like drills and milling cutters, usually clamped in shrink fit holders or collet chucks, are not
counting for the total number of components ksys (see note 1).Therefore, “standard tool systems” are
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defined as tool systems of three components and constitute the rule for components balancing (e.g. so-
called “catalogue components”). See Formula (36):

ksyssTnp =3 (36)

G

kSYS = 1
H

T TUE= 1 2 2
[

kSYS =2
J

kSYS = 3

Figure 15 — Examples of commen standard tool systems (ksys < 3)

Tool system|"G" shall be seen as a single tool((ksys = 3). The involved "catalogue" HSK shrink fit adgpter,
however, is & tool system component and,shall be balanced according to Formula (37). This enableg tool
system “G” fo be also used as the “moduiilar single tool” of tool system "J".

Special tool systems are considered‘assemblies of four or more components. Independent of the number
of components, all modular tool-systems may be addressed according to the general guidelines of §.2.

NOTE1 Pfedominantly symmetrical cutting tools (e.g. monolithic tools like drills, milling cutters, etc.)| with
less than 20 Pb of a tool syStem mass do not require balancing due to a low influence on the overall balapcing
condition of fhe tool spindle system. These tools are therefore not taken into account when counting the number
of components (see Figune 15).

The general|principle of this document is limiting the unbalance-related dynamic load on the bearings,
which depe1|1ds only on centrifugal forces, to maximally 1 % of the dynamic load rating, Cpyn (see|4.2).
The tool masshas no influence on the basic unbalance value USTAT,1 %. USTAT,PER, NOWeVer, 15 dependent
on the tool mass due to the subtraction of Umyy [see Formula (10)]. The possible unbalance, Ugcc, is part
of Umin and caused by radial dislocation. Thus, heavier tools create higher centrifugal forces due to a
possible radial dislocation and, therefore, have to be better balanced than light tools running at the
same rotary speed.

NOTE 2  1SO 1940-1:2003, 6.2.3 allows proportionally more unbalance for increasing tool masses.

It is also essential to note that modular tool systems have the same balancing requirements as
monolithic tools of similar design with the same mass and rotational speed. Their tool components,
therefore, require a sufficiently better balancing quality to fulfil the balancing requirements of relevant
tool systems. So, balancing one and the same tool as a tool system component instead of a single tool
reduces UsTaT,1 9 by taking the number of components ksys into account (see A.4.3 for details).
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The graphs of Figure 13 describe this situation for a HSK-63 single tool and for components of a tool
system. A fine balanced single tool can run at 24 500 min-1 to fulfil the criteria of fine balancing before
falling below Umn. The criteria for a tool system component are the same. A single tool, balanced for
standard quality, theoretically enlarges its speed range up to almost 50 000 min-1.

Interface tolerances between modular components may cause additional unbalances of the tool system
due to run-outs caused by radial dislocations. Especially radially and angularly adjustable components
should therefore be carefully aligned when assembling a tool system.

NOTE 3  The rules of Clause 5 are valid for static and dynamic balancing. Dynamic balancing of tool systems,
however, may be complex and requires individual measures because tool systems, composed of statically well-

bala

ced components, have a certain nnprpr‘ir‘fnhla dynnmir‘ residualunbalance (cpp S 1n) So, all f

mponents of modular systems are for static balancing, but they can be transferred to dynar
ding to 4.2.5 and B.3.

for c
accon

Adap
be b
most
chec

hlanced accordingly. Single tools with spindle suitable shanks (e.g. 7/24 tapeér or HS}
likely been balanced according to the balancing conditions of single to6ls and shou
ked before implementing them into a tool system.

NOTH
accoy

4  All approaches of Clause 5 and the calculation examples of Annex'B-take the worst-case
nt, i.e. the unbalance vectors of all components have the same orientation.

ing axial positions of components within a modular tool.system also mean variable l¢
their centres of gravity. Only the first component that is directly clamped into the machine
keepg its distance, L¢g,i, from the spindle reference point.teits centre of gravity. The leve
other components are being prolonged towards the front end of a tool system (see Figure 1

Vary|

Vary|
samg
systd

ing lever arms, however, mean different requirenients for the permissible unbalance of
component. This would not be practicable@s components have to flexibly suit the d
ms. Formula (37) solves this issue (see A.4.3 for the detailed derivation).

5.2
The {

Balancing of tool system components

ollowing aspects have been taken into account.

1

\s the basic permissible (static unbalance UsTaT1 9 is mass independent [see Form
ermissible static unbalances of each single component and of the assembled tool syst¢

ase”, sum up to the’static unbalance of an assembled tool system (if all unbalances sho
ame directionse€ompared to 5.4), the number of tool system components is an importa

he final axtalpositions of “catalogue components”, especially adapters,intool systemsa
his, howeyer, changes the “active” lever arm of the centre of gravity. The lever is gett
component is mounted at the second or third position towards the front end of a tool
igdxe 16). Thus, the effect of a component unbalance within a tool system varies acd

llowing rules
nic balancing

tive components are supposed to be parts of standard tool systems of three demponents and shall

) may have
d be double

scenario into

bver arms of
tool spindle
- arms of all

).

one and the
bsign of tool

ula (3)], the

'm would be

he same at the same totational speed. Because all static component unbalances might, in the “worst

wed into the
nt criterion.

e unknown.
ing bigger if
system (see
ordingly. Its
208

individual setup, however, should not have an influence on the unbalance of a tool syst4

Components that may be placed at any position of a tool system, therefore, require better balancing
qualities compared to the location at the first position, i.e. directly clamped in the machine tool spindle,

and calculated like a single tool according to Formula (8).
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Figure 16 — Centres of gravity, Lcg i sys, in a standard tool system

The derivat
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The factor f]

on of Formula (37) includes both above criteria (see A.4.3) and leads ta the result th
nents of a standard tool system should be balanced to the quality “fine”)\.e. fBAL,FINE 3

bys,k enables calculating the permissible unbalance of componentsfor special tool sys

at all
0,2.

tems

of four and nore components.

5 Cpyn Lg
Ustat,i, $vs,pER = 9,12x107 x fa, pNg X foys k X— % _(UBM,ACC +m; xeg i)
n Lg tay+Leg,i
(37)
The following points are important for balancing compgfients and tool systems.
— The rotational speed of a tool system, nsys, sheuld not be bigger than the lowest permissible speed,
nj, of th¢ involved components.
— If comppnents are balanced especially for a certain specific tool system, the rotational speeds, nj,
should not be lower than the speed ngys of the tool system.
— Well-aligned tool systems composed of fine balanced components will then fulfil the stanidard
quality pf static balancing fgas,sTnD = 0,8.
Special tool[systems are set up.by four or more components. Table 4 shows values of fsys k for up to six

components.

Table 4=‘Parameter ksys for special tool systems of up to 6 components

4
0,70

5
0,55

6
0,45

Tool system components, ksys up to 3

1,00

fsys,k

It is always recommended and often necessary to double check the unbalance of tool systems after
assembly. Subsequent balancing of an assembled tool system means treating it like a monolithic tool.
Any disassembly and re-assembly of such a rebalanced tool system, even in the same configuration,
requires a new balancing operation.

NOTE1 Radial dislocations of components and their angular orientations within tool systems depend on the
shank type and the way of assembly. They may sum up towards the front end of a tool system and lead to an
increase of the “real” static and/or dynamic unbalance. Non-adjustable shanks as listed in Table 2 show radial
dislocations of random angular orientation. It is therefore supposed that radial dislocations of shank interfaces
like HSK, taper 7/24, etc. do not sum up in a tool system. Careful assembly minimizes radial dislocation. The
possible single radial dislocation of each component is therefore taken into account only once for calculating the
permissible static unbalance. Radially and angularly adjustable interfaces can be treated like a HSK.

NOTE2  See 5.10 for more information about setup and balancing of tool systems.
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Influence of the angular orientation of component unbalances

Residual component unbalances have random angular orientations within modular tool systems,
thus leading to compensation to a certain extent. This statistical effect allows a minor increase of the
permissible component unbalances, UstaTper, of Formula (37) without exceeding the permissible
unbalance of the tool system, UstaT,sys,pER, calculated with the lever of the system centre of gravity,
Lcg,sys- The theoretical sum of the permissible component unbalances may be up to 15 % bigger than
the permissible unbalance calculated for the assembled tool system itself.

5.4

The
dislo

The ¢xtent of these dislocations depends on the shank types and varies randomly within th

The

its length, i.e. the axial position of the gcentre of gravity. Measuring the run-outs of a comp

shan

misalignment.

Radi

orientation (see Figure~18; case P) within the range of the possible run-out, es; and
unbdlances Ugcc j sygsCases M, N and O represent scenarios of radial and/or angul

dislo

Influence of clamping dislocations

assembly of tool system components may incorporate both radial and angul3

cations. Figure 17 shows the different modes and possible combinations.
L J O — —

M s

Figure 17 — Modes and combinatiens of radial and angular dislocation

nfluence of angular faults on the ufibalance not only depends on the component mas;

k and at the centre of gravity enables to evaluate the static unbalance related to an a

hl clamping inaccuracies-of non-adjustable shanks occur randomly regarding their ra

ir clamping

is range.

but also on
onent at the
xial angular

dial angular
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cations in a toolsystem.
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Figure 18 — Radial dislocations: Random (P) or oriented to the same direction

Q. R)

Case Q represents the worst case of radial dislocations because all component unbalances act into the
same direction and sum up towards the front end. This can unavoidably happen if cylindrical shanks
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are radially clamped by screws (e.g. Weldon or Whistle Notch). This case may occur if all clamping
screws of several cylindrical shanks were aligned inline.

Case R shows a well-aligned tool system with a radial dislocation of the basic adapter relative to the
machine tool spindle. This means that all components are radially dislocated by the same amount, es ;.
As this may happen quite commonly in practice, the permissible residual unbalance of tool system
components is calculated like single tools by subtracting Ugcc; =m; xeg; in Formula (37). Ugcc; is a

partof Uy;y [see Formula (10)].

The possible maximum component unbalance, Ugc j max, Within the assembled system depends on its

actual radia

dislocation, as shown in Formula (38):

€k,SYS,M

and can be d

Ukccx M

Formula (39

may be evel
radial offset

systems shduld be finally double checked regarding run-out and untbalance.

Whereas it |
the most co
be specified|

Adjustable 3
run-out by d

NOTE N
adapter, e.g. (

5.5 Integ

Tool systen]
according td

The balanci
n and the co

Ug (), PE

k
AX :235,1
i=1

alculated to

AX =€ k,SYS,MAX XMy

) gives a hint that component unbalances within a tool system due to clamping inaccur
1 bigger than the permissible unbalance of Formula (8). Itis therefore evident that {
s cannot be pre-compensated by “better balancing”. As/a‘eonsequence, all assembled

s possible to specify maximum values of pure radial dislocations (see Figure 17, case |
mmon shanks like HSK and 7/24 taper (see Table 2), real radial and angular faults c4
because their orientations occur randomly (see the exemplary cases M to O of Figure

idapters regarding radial and axial angular dislocations enable minimizing both typ
areful assembly.

n-adjustable run-outs may also ogcur between the two sides of one and the same intermd

lue to manufacturing tolerances between the male and female side of a HSK prolongation.

ration of tool system components balanced according to ISO 1940-1

components that Have been balanced according to ISO 1940-1 may also be evalt
the above rules inorder to be used in tool systems of this document.

g parameters of ISO 1940-1 are the balancing quality G°(x), e.g. G 6,3, the rotational §
mponent mass m.
_ G (X)xmx60

R 2Txn

(38)

(39)

acies
hese
tool

) for
nnot
7).

es of

diate

lated

peed

(40)

This permissible unbalance, Ug ) pgr » shall then be compared with the permissible unbalance of this

component at its determined location within the assembled tool system according to Formula (37).

5.6 Calculation of the permissible rotational speed depending on actual unbalance

An actual (e.g. measured) static unbalance value, Ugrpr pcr, €an also be used for calculating the

maximum p

N MAX, PER

30

ermissible rotational speed, n yax pggr, using Formula (41):

|

5
< | fBaLx9,12x107 xCpyy

LB +aM +LCG

UstaT, AcT % [
Ly

(41)
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NOTE The unbalance of a radial dislocation is part of the measured unbalance, Ugrat act- If UstaT ACT 1S
bigger than Ugyar pgr, @ reduction of the permissible rotational speed according to Formula (41) is the
consequence. Leaving the rotational speed at nypx pgr Would lead to a corresponding increase of the spindle load
(e.g.adoubled unbalance value Ugrat pcT =2*UgtaT PER l€ads to a spindle bearing load of 2 % of Cpyy ). Itis up
to the user to decide whether a higher spindle load can be exceptionally acceptable for a certain machining period.

5.7 Determination and calculation of the position of the centre of gravity

5.7.]%
The position of the centre of gravity, CG, is generally required to calculate the permissible residual

unbgdlances of tools, components and tool systems according to this document. The mos{ convenient
way [s to indicate the centre of gravity in the drawing as nowadays three-dimensienal dedign systems
are quite common.

However, if this information is not available, it can be easily determined before balancing by finding the
equilibrium of a component experimentally (see Figure 19).

-

|~

Figure 19 — The equilibrium determines_the centre of gravity of a component or a tpol system

This|empiric method also works for dssembled tool systems.

5.7.2| shows the alternative to €alculate the position of the tool system centre of gravity from the
individual centres of gravity ofits components.

5.7.2 Calculation of the-centre of gravity of a modular tool system

The permissible statictinbalance of an assembled tool system can be calculated with the ppsition of its
centre of gravityifcg sys k- Figure 16 shows the relevant parameters of a standard system of three

components,
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The two formulae of the equilibrium of the CG moments [see Formula (42)]:
my xLeg g +my x(Ly +Leg 2 )+mz x(Ly +Ly +Leg 3 ) =Msys X Leg svs, 3 (42)

and of the mass of the tool system [see Formula (43)]:

Mgyg =My +my +m3 (43)

lead to the position of the system centre of gravity, Lcg sys 3, as given by Formula (44):

= - - \ (3 = = \
_ My =Leg 1 Ty *(L1 Theg,2 )T M3 (L1 TLp T Leg,3 )

L = 44
CG,SYS,] ———— (44)

Formula (45) tells the centre of gravity of a tool system of k components.
my xLeg 1 +my ><(L1 +LCG,2)+-~-+mk_1 x(L1 +Ly+-+ Ly +LCG,k—1)+

my X(Ll +L2 +"‘+Lk_1 +LCG,k)

L - (45)
CGSYS.K my +my +-+my_q +my

5.8 Balancing of tools and components with alternative inferfaces

Intermediate components of tool systems sometimes have other interfaces than listed in Tahle 2.
Examples afe shown in Figure 1 and Figure 15. Quite commion interfaces are radial or radial and
angular adjfistable flange connections because they allow minimizing both types of run-outs which is
especially ithportant for long components.

These non-listed shanks cannot be individually addressed in a standard. For these cases, Table 2
includes thg two parameters, my;y and myax,Which are meant to be reference masses helpipg to

classify thefe components into suitable spindle’sizes. The mass figures are overlapping the spjndle
sizes and in|case of doubt, it is recommended.to choose the parameters of the smaller spindle siz¢ as a
precaution.

It is further] possible to individually- balance a tool component for a distinguished spindle size which
does not negessarily correspond te the listed reference masses.

5.9 HSK adapters with rotationally symmetrical tools

Figure 20 shows two simple modular HSK tool systems of the same overall length which provide diffgrent
situations fgr the poSsjble balancing modes. The two HSK-A63 adapters of different length with ¢ollet
chucks (or ghrink fit*holders, hydraulic chucks, etc.) carry the same type of rotationally symmetrical
tools (e. g. carbide(drills, milling cutter). The overall length of both tool systems is the same.

The shorter 90 mmm adapter “S*“tasa Lp / Dg-Tatio of 70763 = 1,11 =< 2;2-witir thre consequence that
static balancing is sufficient. The 180 mm long version “T” shows Ry jp =Lg;, /Dg=160/63=2,5>2,2
and, therefore, theoretically fulfils the requirements of dynamic balancing. In practice, both examples,
however, are balanced statically at the HSK collar according to the provisions of ISO 12164-1. Their
dynamic unbalances are absolutely the same, caused by the statically balanced HSK only (see also

Table 3). So, although a longer adapter may enable dynamic balancing, it is not mandatory and/or
sensible in any case.
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a)

b)

d)

)

g)

ISO 16084:2017(E)

S LBL = 70
(90)

3,5XDREF (=220)

Lg. =160
(180)
3,5 Dger (=220)

Figure 20 — HSK-A63 collet chuck adapters ofdifferent balancing lengths, Ljg|,

Design and/or size of many single components often only allow static balancing. The[assembly of
modular tool systems leads to a vector addition of the static and dynamic component unbalances
hich either compensates or increases both the static and dynamic unbalance sityiation. As a
¢onsequence, a certain residual dynamic unbalance will remain.

Radial and/or angular dislocations due to fit tolerances of the component interfaces|are leading
o additional static and dygamic unbalances. This can only be prevented with adjustable shanks,
¢. g. a flange connection-1n/all other cases (HSK, 7/24 taper, etc.), both radial offset pnd angular
rientation occur randomly.

The actually resulting assembly dislocations of components with non-adjustable interfaces cannot
e foreseen. A compensation of the maximum possible clamping dislocation (see Tablg¢ 2) is taken
into account{h-the calculation of the permissible static residual unbalance by subtracting Ugcc

see Formula (8) and Formula (10)].

specially if bigger dislocations and/or higher component masses are involved, th¢ unbalance
gecMax Mmay easily exceed the unbalance Ugtpr 19, Of the dynamic load rating. This gven leads to

negative permissible unbalances, UgTaT pgr » €specially according to Formula (37]. Uy » however,
remains the lowest possible value.

Radial clamping dislocations, g, may sum up towards the tool front (see Figure 18, case Q), thus

increasing the unbalance of both the mounted components and the tool system. As a rule, the
unbalance of a tool system with run-outs does not fulfil the requirements of fine balancing but
mostly those of standard balancing.

Unbalances due to assembly related radial dislocations, however, should be avoided not only from
the spindle life point of view but also due to possible negative influences on the work piece quality.

Calculating the unbalance of a modular tool system based on permissible residual component
unbalances has to take into account that certain run-out unbalances (e.g. due to non-adjustable
interfaces) occur despite careful assembly. The real static and dynamic system unbalances finally
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have to be measured on a balancing machine. Optimizing the run-out situation (if possible) and
rebalancing of the assembled tool system are the ultimate possibilities for improvement.

h) The scheduled operating parameters of a tool system describe the minimum demand for the
selection of its components. The documentations (catalogue, manual, etc.) of manufacturers and
suppliers of modular components have to list all parameters that are required to identify suitable
components according to the provisions of this document (see Clause 6).

i) Modular tool systems that are supposed to fulfil the requirements of fine balancing without
rebalancing shall be only used up to the rotary speed of their “worst” component.

j) Anysu

n of component unbalances represents the ideal setup of a tool system without run-ou

k) In case
already,
system
varying
unpredi
adjustal

1) The ass
of the 3
previou
therefo]
system

m) Dynamj
Compor
rebalan

n) Simple {
as shrin
(e.g. dr
adapter]

6 Datar

ISO 1940-1
body. To pre
body of tool

The permis
(shank type

tool or moduilar toel system, etc.) as if this information could be marked sufficiently on tool bodies.

of advanced operating parameters (e.g. high rotational speeds for finishing operati
the permissible unbalances of components and as a consequence also of the Telated
tend to fall below Uyy (see 4.2.3). As angular orientations of Uy dependion rand

clamping dislocations making the related unbalance situation of\a” tool sy
ctable, it is recommended to either use monolithic tools or high precision tool systems
ble interfaces.

embly of balanced single components to a tool system may also fequire dynamic balaj
ssembled tool system due to its overall length (see 4.2.4). It is’then often necessary
s static balancing measures have to be partially compensated or even reversed. It cg
e sensible to use unbalanced single components and to balance the assembled modula
hs a “quasi monolithic” tool.

cally balanced joint modular tool systems have to be considered monolithic f{
ents which have been modified by dynamic balancing of a joint tool system have
ced if applied in a new configuration.

ool systems consisting of statically balanced tool adapters (e. g. “catalogue products”
k fit or collet chuck adapters) and unbalanced mainly rotationally symmetrical single

s with statically or dynamicallybalanced special tools.

epresentation and exchange
has been well-known.in balancing practice for a long time without indication on thg

systems, toolsortool components.

Kible residual unbalances according to this document depend on too many param
and sizejrotational speed, dynamic load rating, lever arm of the centre of gravity, s
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ingle
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ISO 16084

All required parameters for the calculation of the resulting permissible residual unbalance(s) shall be
represented and exchanged via XML data exchange.

In order to create a uniform XML file, Table 5 lists the required elements for the XML structure.

34
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Table 5 — XML-data definition entries

XML . Equivalent or
No. symbol XML symbol description formula symbols
1 TCM tool or component mass m
2 RPM operating speed n
3 SZ spindle size #1 to #9 (see Table 2) SZ
4 CDYN dynamic load rating CoyN
5 ES radial clamping accuracy es
6 FBAL lua}aut,iug qua}it_y (J[BAL,blNU = G,S OT
fBAL,STND = 0,2) JoaL
number of components (e.g. single tool k =
4 CCNT 1, three parts modular tool k = 3) K
8 LCG position of the centre of gravity Leg
9 LP1 position of the balancing plane Lpy
10 |LP2 position of the balancing plane Ly
calculated permissible static residual
11 \USTAT unbalance UstatpEr
calculated permissible residual unbalance
12 UPl at plane 1 UPLPER
calculated permissible residual unbalance
13 |Up2 at plane 2 UPZ,PER

>
=
=
lan)

x C shows the basic structure of a data exchange file based on the XML technology.
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Annex A
(informative)

Permissible residual unbalances — Theoretical approach and
calculation examples

A.1 Additional symbols and abbreviated terms for this annex, Annex B and
Annex D

abbslin\:it:;t atlclegms Unit Description

CGj — |Centre of gravity of component i

D¢ mm |Maximum cutting edge diameter

D¢ sys mm |Maximum cutting edge diameter of a tool system

Dp1 mm |Balancing diameter at plane P1

Dpy mm |Balancing diameter at plane P2

DREF; mm |Reference diameter of component i for the.G40 check

DREF,sYS mm |Reference diameter of a tool system forthe G40 checka

€CG,PER mm |Permissible radial dislocation of thé.centre of gravity, CG

EHSK mm |Radial joining dislocation of a HSK interface

ei.5vs mm lt\f)?))](i;nl'lm radial dislo-cation of component i within a tool system relative to the

-spindle rotary axis

el sys mm lt\/laximpm radial dislo-cation of component k within a tool system relative to the
ool-spindle rotary axis

€PER,1940-1 mm |Permissible eccentricity of the centre of gravity CG according ISO 1940-1

€s,5YS mm |Radial dislocation of a tool system

fca — |General enlarging factor for the rotational speed of tool system components

fca.i — |Individual enlarging factor for the rotational speed of tool system component i

fLIM,C — |Factor for limiting the dynamic unbalances of case C

fRED,i —) €ombined factor for deriving the permissible component unbalance

fRED,i,FINE ~2~" |Combined factor, based on fgal, FINE

fRED,i,STND — |Combined factor, based on fgaL,sTND

fRED,AVG — |Average combined factor for deriving the permissible component unbalance

Fy N __ |Centrifugal force generated by a rotating unbalance

Fy,sTAT N |Centrifugal force due to a static unbalance located in the centre of gravity, CG

Hg mm |Depth of a chip groove

Lce k mm |Lever arm to the centre of gravity of component k

Lg mm |Length of a chip groove

Li mm |Length of component i

nj min-1 |Rotational speed of a tool or a component i

neca min-1 Cor?e:cted ?ot'ational speed for balancing of component i, located at a definite

' position within a tool system
ni,MAX min-1 [Maximum rotational speed of component i
a2 DREf,sys can also be a body diameter, not only a cutting diameter.
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Symbols and

abbreviated terms Unit Description

nsYS,MAX min-1 | Maximum rotational speed of a tool system

r'COMP mm |Radius to the centre of gravity of a compensation mass

ry mm |Radius to the centre of gravity of an unbalance

RpyN,cpL — |Ratio of utilization of Cpyn due to a couple unbalance

s mm |Distance from the front spindle bearing B1 to plane P1

U1 gmm |Auxiliary unbalance at spindle bearing B1 due to the unbalance of a tool

Ugy gmm |Auxiliary unbalance at spindle bearing B2 due to the unbalance of a tool

Ugadi gmm |G40 safety unbalance of component i according to ISO 15641

UG sys k gmm |G40 safety unbalance of a tool system of k components according,to [F0 15641

UMIN,i gmm |Achievable minimum unbalance of component i

UMIN,i,sys gmm |Achievable minimum unbalance of component i within atoel system

UmoM,B1 gmm? | Moment of unbalance Ugj at bearing B1

UMom,P1,PER gmm? |Permissible moment of unbalance Up1

Umol1,p2,PER gmm? |Permissible moment of unbalance Up;

UMOM,STAT,PER gmm? |Permissible moment of the static unbalance'\Ustat (located at CG)

Up1,BER,LIM gmm |Limited permissible residual unbalance at balancing plane P1 (case C

Up1,RER,FINE gmm | Up1,pgr for fine balancing

Up1,BER,STND gmm | Up1,pgr for standard balancing

Up1,§ER,LIM,FINE gmm | Up1,pER LM for fine balancing

Up1,BER,LIM,STND gmm |Up1,per,LiM for standard balancing

Up2,RER,FINE gmm | Upz pER for fine balancing

Up2,ER,STND gmm |Upy pgr for standard balancing

Up2,BER,LIM gmm |Limited permjssible residual unbalance at balancing plane P2 (case C

Up2,BER,LIM,FINE gmm |Upz pER,LIM fOr fine balancing

Up2,BER,LIM,STND gmm | Up2 peR LiM for standard balancing

Ustalr gmm i:lttf Il(mba.lance of component i, taking the total number of tool syst¢m compo-

sys into account

Ustalri sys cc g Bermis§ible residual staFic unba!anf:e of component i referring to the pxial posi-
2T tion of its centre of gravity CG within a tool system

UsTAT,sYS,MAX gmm |Maximum static unbalance of an assembled tool system

Ustalr svs pER i gmm Permissible ljesidual static unbalance of an assembled (quasi monolithic) tool
2 IR system of k fine balanced components

Ustalr svs feRsum gmm Sum of the permissible residual static component unbalances (fine bdlancing) of a
PRI tool system

Ustarsrerprs —_— Permissible residual static _unbalance of an assembled (quasi monolithic)
P2 IR standard tool system of 3 fine balanced components

Wa mm |Width of a chip groove

VREF,i m/min | Reference peripheral speed of the biggest diameter of component i

a

DRrEF,sys can also be a body diameter, not only a cutting diameter.

A.2 Principles

Centrifugal loads that increase square with the rotational speed primarily act on the machine
tool spindle bearings. Loads generated by unbalances shall therefore be limited, dependent on the
operational speed so that a reduction of the spindle bearing life shall be excluded.
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The effects of tool system unbalances on machine tool spindles of different types and sizes could, if at
all, be only determined by long-term tests and experimental investigations. Therefore, it was necessary
to introduce a mathematical model which enabled a qualitative and quantitative determination of the

unbalance effects based on general mechanical principles.

This approach is based on two considerations.

a) Allrelevant rolling bearing spindles of machine tools show comparable mechanical properties.

b) A generalized mechanical model of the mechanical structure reflects the dynamic properties of

spindle

systems due to mechanical similarities.

This mechaical model represents spindles with the interfaces HSK-25 to HSK-100 and shanks ofsi}

size and me

By means of
centrifugal

the spindle
typical for t
A ratio of H
machining fj

This docum
than one p
approach, aj

A.3 Appry

The balanci¥
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Particularlyj
Figure A.1 s}

Chanical quality.
this generalized mechanical structure (see Figure 2), the speed and unbalance ‘deper
orces on the front spindle bearing are being calculated. The total dynamiciead, Fg; g

bearing B1 is compared for evaluation with the dynamic load ratings,“Cpyy, of bea
he different spindle series.

brces and centrifugal forces due to unbalance is considered ahigh load to bearings.

ent allows a dynamic load on the front bearing(s) caused by unbalance forces of not
ercent of the dynamic load rating, i.e. Fgqgps/Cpyn <0,01. For the derivation of
well as for the generalized spindle parametersjsee A.3 and ISO 1940-1:2003, 6.4.1.
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1g requirements for the tool-spindle system have to limit the unbalance-related spindle
hanical structures of spindle systéms with common roller bearings allow the mathem§

the front spindle bearing(s) is (are) exposed most to the tool unbalance-related fd
nows the parameters for the calculation of the spindle bearing loads due to unbalance fg
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Figure A.1 — Two-span-beam for the load calculation of the front bearing

The variable parameters are the lever arm of the unbalance a [see Formula (4)], the distance Lg between
the centres of the front and the rear spindle bearings, the rotational speed, n, and the unbalance, U.
Relevant values of interface specific parameters are given in Table 2.

For each size of the four listed interfaces the typical dynamic load ratings of relevant bearings (Cpyy ),

minimum and maximum reference component masses (myy and myx), joining accuracies of the
interfaces (es) and reproducibly measurable residual unbalances (UgMm) are additionally defined.
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The unbalance force, Fyygrar (i-e. a centrifugal force), generated by the rotating unbalance U

2
2 27mxn
Fystat =UstaT *€2 =USTAT"[ 0 J (A1)

is converted by means of the leverage ratios (see Figure A.1) into the bearing force, Fg; pgs, as given by

Formula (A.2):

a
‘FBLRES‘:FU,STAT x(l"'L—W (A.2)
B
\

and Fp, rgs, as given by Formula (A.3):

a
‘ 'B2,RES ‘ =Fystar *— (A.3)
B

The balancing relevant bearing force, Fgq pgs, is related to the dynamicload rating, Cpyy, of bearing
B1, as shown by Formula (A.4):
B1 < Fp1,per =0,01xCpyy (A-4)

—

By aglditionally taking the measuring limits of the balancing‘machine (Ugm) and the infljience of the
clamping inaccuracy (Ugcc) into account, Formula (A.1) catiybe completed to Formula (A.5)

5
9,12)(10 XCDYN
/ STAT,PER < —Ugm,acc “YEce (A.5)

with{Formula (4):

q = aM +LCG

o~

1+
Lg

A.4 | Conversion of the permissible static residual unbalance into permissible
dynamic unbalaneces of two planes

A.4.1 Case D:Tool centre of gravity CG between planes P1 and P2 (P1-CG-P2)

All upbalance vectors Upq pgr, Upy pgr and Ugratper have the same angular orientation.
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Us1 A
s b
Lpy
LCG
am Lp Xp Xpy
LB a
Bz N B1 PN a jL <> ? FAN
N A? L RP P1 h P2 ;
| P2,PER
Upiper ¥ l
USTAT,PER *
Figure A.2 — Tool centre of gravity CG between planes P1 and P2 (ecaSe D = P1-CG-P2)

The formuld

for the stati

Umom,sTi

and for the dlynamic unbalance:

Umom,pi

Together wi

Formula (A.
UsTaT,pH
Up1,pER

Subtraction

Up1,pER

e of equilibrium for the unbalance moments Upom aroundB2.are:

c unbalance

AT,PER TUmom,1 =0

X(LB +S)+UP2,PER X(LB +S+b)+UB1 XLB =0

of Formula (A:8) from Formula (A.9) eliminates Ugy XLg, as shown in Formula (A.10):
(

x(Lp +s)+Up2,PER x(Lg +s+b)—USTAT’pER x(a+Lg)=0

The formuld

PER TUmomp2,pER *Umom1 =0

th the parameters of Figure A.2,Formula (A.6) and Formula (A.7) lead to Formula (A.8)
D):

R *(a+Lg)+Upy xLg =0

(A.6)

(A7)

and

(A.8)

(A.9)

\.10)

e‘of equilibrium regarding the unbalances are:

40
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for the static unbalance

Ustatper TUp1 +Upz =0

for the dynamic unbalance

Up1,pgr +UpzpEr +Upy +Upy =0

Subtraction of Formula (A.11) from Formula (A.12) eliminates Ug1 and Ugy:

=
PZ;PER STATPER P PER

Ente

o~

o~

o~

Ente

f—

o~

with

Fing Formula (A.13) into Formula (A.10) leads to Formula (A.14):

p1,pER *(Lp +5)+(Ustarper —Up1per )% (Lp +5+b)~Usrarper x(a+Lg) =0

/p1,pER X (Lg +5)—Upq per *(Lp +5+b)+Ustarper *(Lp +5+b)—Usphrprr *(a+Lg)=(

s+b—a
b

/p1,pER =UsTATPER *

ing Formula (A.16) into Formula (A.13) results in Formula (A.17) and Formula (A.18):

s+b—a
IPZ,PER:USTAT,PERx[l_ b j

a—s

/p2,PER =UsTATPER %

Formulae (4) and (A.19):

o

and {

X

:aM +Lp1

he correlations-for the centre of gravity, as shown in Formulae (A.20) to (A.22):

fp1 =d—S

'PZ =S+b_a

b:XP]. +XP2

Formula (A.16) and Formula (A.18) change into

Up1,pER =USTATPER ¥

© ISO
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Xp1 T Xpp

2017 - All rights reserved

(A.11)

(A.12)

(A.13)

(A.14)

(A.15)

(A.16)

(A.17)

(A.18)

(A.19)

(A.20)

(A.21)

(A.22)

(A.23)
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Xp1

=UgrATPER X
Xp1 tXpp

(A.24)

Referring Formula (A.23) and Formula (A.24) to the reference point, RP (instead to the gravity centre),

with Formula (A.25) and Formula (A.26):

Xpy =Lcg —Lpy (A.25)

Xpp =Lpp —Lcg (A.26)
turns out to

Lpy —Leg
Up1,pER FUsTATPER X L1 (p.27)
P2 —~P1
Leg —Lpy
Upzper [FUstatper > (A.28)
P2~ ~P1
NOTE1 Fdrmula (A.23) and Formula (A.24) or Formula (A.27) and Formula (A:28) can also be derived|from
the equilibriym of unbalances [see Formula (A.13)] and the equilibrium of the static and the dynamic unbalfances
[see Formulg (A.29)]. Formula (A.29) sets the moments of the permissibl€ dynamic unbalances equal o the
moment of the permissible static unbalance.

Upippr *§+Upgper X (5+D) =Usparppg xa (4.29)
The derivations of the following special cases E and F (se€\A.4.2.2 and A.4.2.3) are based on the easier
approach according to Formula (A.13) and Formula (A.29).

NOTE 2  Plpusibility check for static balancing: Theé«position of the centre of gravity of static balancing is
defined to bq in plane P1 which means xp1 = 0. Thissmeans for Formula (A.24) that Upz,pgr = 0. As xp2 is in the
denominator| of the quotient, the plausibility chéck-of Formula (A.23) needs to determine the limit valye for
Xp, — 0. Thig limit value of the quotient xp2/xp2'is “1” and so the result of Formula (A.23) Up1,pgRr = USTAT,PER is
correct.

A.4.2 Tool centre of gravity CG-not between planes P1 and P2

A.4.2.1 General

The following two specialcases E and F require an appropriate ratio of xp1 and xp2 in addition tp the

derivations

pf the standard case D (see A.4.1).
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A.4.2.2 Case E: Tool centre of gravity CG between spindle reference point RP and plane P1

(CG-P1-P2)
S
Lp;
Lpy b
am Leg Xp2
d Xp1

L blf\ ﬁ $ /\
R %;7 Lo RP € | P1 I P7
7777 Up1per

The 1

is led

Fornm

|
|
|
|
Usrat per +

Figure A.3 — Tool centre of gravity CG between reference point RP and plane
(case E = CG-P1-P2)

ule of case E to split up the permissible unbalances:

Upiper _ Xpp

Up2PER  XP1

ding to

Xp)

/ p1,PER = xUpy pER

Xp1

unba

resu

o~

lance moments [given by Fermula (A.32)]:

Xp)
. Upy pER ]x s+Ups per *(5+b)=UstaT pER X @
P1

tsin

a

XP2 41 |yp

UPZ,PER

P1

/ p2 PER-=USTAT PER *
s X(

Xp1

Formula (A.33) into Formula (A.31) is

Up1,pER =UsTATPER *

Xp2
Xp1

xa

X
sx| ZP2 411 |4+p
Xp1

(A.30)

(A.31)

ula (A.31) into Formula (A.29), the formula of the required equilibrium of static and dynamic

(A.32)

(A.33)

(A.34)

Referring to CG, the parameters b and s in Formula (A.33) and Formula (A.34) can be substituted by
Formula (A.35) and Formula (A.36):

b=Xp; —Xpy

© ISO
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(A.35)
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S:a+XP1 (A36)
which finally results in
axXp»
Up1,pEr =UsTATPER X (A.37)
ax(Xpy +Xpy )+2xXpy XXpy
axXpy
U =U X A.38
p2,PER = USTAT,PER a(Xpy + Xpg) + 2% Xpy *Xp (A.38)
Focusing o1] the reference point, RP, Formula [A.37]) and Formula [A.38] can be reformulated |with
Formula (A.B9) and Formula (A.40):
Xp1 =Lg1 —Leg (8.39)
XPZ :LPZ _LCG (A.40)
and Formula (4):
a = aM +LCG)
to Formula€d (A.41) and (A.42):
(am +Leg ) *(Lpa i )
Up1,pER FUSTAT PER * (A.41)
(am +Leg ) (Lpy +Lpp =2x Leg ) #2% (Lpy —Leg )% (Lpz —Leg )
(am +Log X (Lpr —Leg )
Up2,pER FUSTAT,PER * (p42)
(am +Lceg )*(Lpy +Lppsi2% Leg ) +2%(Lpy —Leg ) % (Lpz —Leg )
A.4.2.3 Case F: Tool centre of gravity, CG,'between plane P2 and the tool front end (P1-P2-C()
a
Leg
Lp, Xp2
s b
am Lp1 Xp1
Al ,é;? Lo RP P1 P2 ; h
777z
UPZ,PER I
Up1per Y I
Ustatper *

Figure A.4 — Tool centre of gravity, CG, between plane P2 and tool front end (case F = P1-P2-CG)
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The split of the permissible unbalances of planes P1 and P2 of case F follows the rule as given by

Formula (A.43):

Up1pER _ Xpq

Upaper  Xp2

i.e.

Up1,pEr =Up2,pER * P

Xp1

P2

Forn

ula (A.44) in Formula (A.29) gives Formulae (A.45) and (A.46):

o]

Repl

resu

Forn

Xp1
/P2 PER % . x5+Upy pgr *(5+b)=UsraT pER X @
P2

X
P1
/P2 PER %

Xpp

x5+<s+b)]:USTAT,PER xa

hcing the parameters b and s of Formula (A.46) by Formula (A.47) and Formula (A.48):

o~

The
howé
armg
centy

{

Ther

=Xp1 ~Xp2
=a—Xpq
tsin
axxp,
/p2,pER =USTATPER * O
ax(x +X )—x ~x
P1 P2 P1 P2
ula (A.49) in Formula (A.44) gives
axx
_ P1
/p1,pER =UsTATPER * R
ax(x +X )—x ~x
P1 P2 P1 P2

(A43)

(A.44)

(A.45)

(A.46)

(A.47)

(A.48)

(A.49)

(A.50)

sum of the unbalances” Up1,per and Upz per calculated by Formula (A.49) and Forgnula (A.50),
at the lever
cated in the

bver, is now bigger than the permissible static unbalance UstaT per. The reason is th
of the dynamie inbalances are both smaller than the lever of the static unbalance lo

e of gravity<Barmula (A.51) applies:

/p1,pER ¥Up2,PER > UsTAT PER

efore, a limitation of Up1,per and Upz pER is getting necessary to lead again to Formula

Up1,perLiM TUp2 pER LIM =UsTAT PER

Up1,pER,LIM and Up2 pER, LiM are calculated with the factor fim, ¢ to

Up1perLiM = fLimc XUp1 pER

© ISO

2017 - All rights reserved

(A.51)

A.52):

(A.52)

(A.53)
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Upzper LM = fLiMc *Upz pER (A.54)

Formula (A.53) and Formula (A.54) in Formula (A.52) gives
fume *(Upper +Upzper )=UstaTpER (A.55)

Formula (A.49) and Formula (A.50) into Formula (A.55) results to Formula (A.56) and Formula (A.57):

axXpq +Aa%XXpy

56)

fran)

L
fumc X PSTATPER
P1 P2

LL
=Y ITAT,PER
ax(xpy +xpy)=x% —x? J

2 2
a)((XPl +XP2)_XP]_ —XP2 (1\l57)
ax(xpy +Xpy )

Formula (A.#9), Formula (A.50) and Formula (A.57) in Formula (A.53) and Formula (A.54) finally rejsults
in the modified formulae referring to CG.

Sfumc =

Xp1
Up1,pER LM =USTATPER X ————— (A.58)
Xp1 T Xpp
X
_ P2
Up2,pER |IM = UsTAT,PER * (A.59)
Xp1 tXp2

Now, the sum of the two permissible dynamic unbalances Up1,pgr,LiM and Upz pgR, LiM is equal tp the
permissible|static unbalance UsTaT PER.

Referring Fgrmula (A.58) and Formula (A.59) to the@eference point, RP, can be done by substituting xp1
and xp3 by using Formula (A.60) and Formula (As61):

Xp1 =Lqc —Lps (4.60)
Xpp =L —Lpy (h.61)

So, the formpulae referring to RE-are Formula (A.62) and Formula (A.63):

Leg —Lpg
U =U X A.62
PLPER M = STAT o ) (f.62)
Leg —Lpy
Upy pER LiM,= VSTAT PER X (p.63)

2xLeg —(Lpy +Lpy)

A.4.3 Derivation of the “balancing of tool system components”

NOTE 1 This subclause explains the balancing of tool system components generally to the balancing quality
“fine” fgaL = 0,2. Some parameters of A.1 are introduced only for the derivation and not required for the
application of this document according to 5.2.

The static unbalances of all assembled components may sum up to the total static unbalance of a
tool system.

A consistent balancing quality, even for the worst case when all component unbalances have the same
angular orientation, can be achieved if the sum of all component unbalances, Ugrar; pgr , is not higher
than the permissible residual unbalance Ugrarsysper Of the assembled tool system at its rotational

operating speed.
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This is only possible if the number of tool system components ksys is taken into account when calculating
the permissible unbalances Ugrar; with Formula (8). The number of components, ksys, modifies

Formula (8) for a single component i to Formula (A.64):

2 Lg +ay +Lcg;

C L
sys  nj

Different axial component positions within a tool system, however, change the “active” lever arm of
the centre of gravity (see Figure 16) - the further away from the spindle, the bigger the lever effect of
the unbalance-related centrifugal forces on the bearings. Reduced permissible residual unbalances of

+ ol e it i
comporrentsCantaketntsroaccotitt:

Virtyally increased rotational speeds lead to this reduction of the permissible unbalances. The factor
fca, i|(for derivation, see below) is limiting the component unbalances and subsequently their load on
the spindle bearing(s).

The yirtually increased speed, ncg, i, and the real axial position of the comiponent centre of gravity
with|n the tool system, L ; sys, modify Formula (A.64) of the permissibleynbalance of thig component

i to Hormula (A.65):

o]

C L
fsrarsysce =9,12x10% x Joa, PR 3 —(Upmacc +m; xes;) (A.65)
sys  nég; | L tam *Lcgisys

The yirtual rotational speed, ncg, ;, of a component is calculated to Formula (A.66):

Mce,i = fea,i %N (A.66)

So, Fbrmula (A.65) changes to Formula (A/67):

05 xJBAL , — Cpyn x[ Lg J_

Kk 2 Ln +ay + L
y¥o (fCG,ix”i B TUM T LCG,iSYS

]

/STAT,isYs,cc =9,12x1

C
fear  Cown (A.67)

2

Ugm,acc M xei,SYs)=9.12><105 x -
ksys * fégi M

Ly

_(UBMACC +m; xeiSYS)
Ly +ayFLegisys

An equal load on the spindle bearing(s) will be achieved if the unbalances of Formuld (A.64) and
Formula (A.67) are equal, as in Formula (A.68).

Ustat,i =UstaT,isys,cc (A.68)

i.e. (Formula A.69)

! - ; x ! (A.69)
Lg+am+Llcgi | fée; | Letam *Lcgisys
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Finally, the rotary speed enlarging factor, fcg, 1, results in Formula (A.70):

Lg +ay +Lcgisys
feai= L (A.70)
B tam +Lcgi

The position of the centre of gravity of a certain component k within a tool system (see Figure 16) is
calculated to Formula (A.71):
k

Legrsys = z Liq+Legk (A.71)
i=1

An exemplafy representative standard tool system of three-components is assumed for the following
calculations|. It is composed of a shank adapter, an intermediate adapter and a front end_compdnent
(cutting too|). Two different realistic tool system setups are calculated below in order to find a simple
general pro¢edure.

All components of the below representative HSK-A63 tool system example haverthe same mags mj,
length dimepsions L;, individual positions of the centres of gravity Lcg,; and possible radial dislocaftions
es,i (comparpd with 4.4).

Ly =L,|=L; =120 mm

Lega =heg2 =Legz =60mm
my=my=m3 =1000g

es,1 =eslz =€s3 =essys =0,002mm

n1 :n2 ¥+ n3 :nSYS :12 000 min_l

The centres|of gravity of the three compdnents in the tool system according to Formula (A.71) are

k=1
i=1
k=2
Legasyd= 2 L1 +Legy =(Lo+)Ly +Lgg =(0+)120+60 mm =180 mm (A.73)
i=1
k=3
Legasyd= 2 L q+Legr =(Lo+)Ly +Ly +Lcgz =(0+)120+120+60 mm =300 mm (M.74)
iz1

The centre of gravity of the assembled tool system is calculated according to Formula (44):

my % Legq +my "(L1 +LCG,2)+m3 X(L1 +L, +LCG,3) 180 mm

L =
CG,SYS,3
mq +myp +ms

The centres of gravity, L¢g;sys , of Formula (A.72) to Formula (A.74), together with the HSK-63 spindle

parameters Lg and aym (see Table 2), lead to the following speed enlarging factors, fcg,i, [see Formulae
(A.75) to (A.77)], according to Formula (A.70):

fCG,l :1,0 (A75)
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fegz =111 (A.76)
fez =121 (A.77)
NOTE1 Evenalongintermediate (second) component does not lead to a raise of f¢g, 3 over 1,3 of the front end

(third) component.

For an easier further derivation, the three factors, fga;, ksysand f¢g;, of Formula (A.67) are combined

to the unbalance reduction factor, fggp;, that limits the basic permissible static unbalance, Ugtpt 19,

[see]

Thes|
exan

4

4

4

and ]

Formula (3)] of tool system components [see Formula (A./d]].

fBAL

- _
RED,i = 5
ksys % féGi

iple are Formula (A.79) to Formula (A.81) for fine balancing ( fga;, =(far, ring =0,2 ):
0,2
RED,1FINE = 5 =0,067
3x1,0
0,2
RED,2FINE = —— 5 = 0,054
3x1,11
0,2
RED,3,FINE = —— 5 = 0,046
3x1,21

4

4

The T

the p
reali

formula (A.82) to Formula (A.84) for standard balancing ( fgay, = fgaLstnp =0,8):

RED,1,5TND = 0,268
RED,2,5TND = 0,216

RED3,sTND = 0,184

ermissible unbalance of “fine” balanced single tools. It is therefore obvious that itis n
ge comporent unbalances by applying fpap, ping =0,2, together with fcg, i and ksys.

© ISO
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(A.78)

e unbalance reducing values, fppp i, for the three components of the abave standard|tool system

(A.79)

(A.80)

(A.81)

(A.82)

(A.83)

(A.84)

yalues fppp ipine of Formula (A.79) to Formula (A.81) are too small and would meaninly 25 % of

possible to
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The weighting factor for standard balancing, fga; srnp =0,8, however, is leading to sensible values of

frepistnp between 0,184 and 0,268. The average value, frgp avg, is calculated using Formula (A.85):

JRED,1,5TND + fRED,2,5TND + fRED,3,STND _0,268+0,216+ 0,184

frED,AVG = =0,22 (A.85)
3 3
and can be set to Formula (A.86):
frep,ave = fBaLFINE = 0,2 (A.86)

The conclusjon is that components should be balanced to the balancing quality “fine” like singlge topls.

Lg
LB + CIM + LCG,i

5 Cpyn
Ustat,igyspEr =9,12%107 x fpap piNg X — "[ ] _<UBM,ACC eri"eS.i) (4.87)
n

Special tool pystems may have more than three components. Applying the factor fsys k to Formula (A.87)
addresses the actual number of components ksys. Table 4 shows values of fsys xforup to six components.

So, the pernjissible unbalance of a tool system component finally is calculated using Formula (37):

_ 5 Cpyn Ly
Usrarigvsper =12x107x fpar pine * fsys i X —5—%| 7 ;
n B T A\ LG,

_(UBM,ACC +m; xeg; |
The rotational speed, n, can be either the general speed of-a “catalogue component”, nj, or the indivjidual
speed, nsys,|of a certain tool system.
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In the worst case, the component unbalances Ugrpr;sysppr [S€e Formula (37)] sum up th
USTAT,SYS,PER,SUM of a tool system [See Formula (A.88 ]

3

USTAT,SYS,PERSUM = 2 Ustat,isysPER =UsTaT,1,5vsPER TUsTaT,2,sYsPER +USTAT,3,5Ys PER
i1

The permissible unbalances of the components ( fga; ping =0,2) of the above HSK-A63
example are shown in Formula (A.89):

e unbalance

(A.88)

tool system

YSTATISYSPER —USTAT.ZSYSPER — USTAT 35YS,PER — 22,3 It

The yorst case result of the permissible unbalances of this tool system is shown in Formuls

o~

,STAT,SYS,PER,SUM = USTAT,l,SYS,PER + USTAT,Z,SYS,PER + USTAT,S,SYS,PER

-3x22,3gmm=66,9 gmm

The |calculation for the assembled tool system ( fgapsrnp =0,8.7and fgyg3=1,0)

Formula (A.91):

o~

/STATSYS,PER3 = 74,8 gmm

(A.89)

L (A.90):

(A.90)

results in

(A91)

The fum of the permissible component unbalances is smaller than the permissible unbaflance of the

asseimbled tool system. So, the relevant general requirement for a free setup of tool system
Usrar,syspErsum <UsTATSysPER3

The ¢gliagram of Figure A.5 shows the unbalance graphs of both the sum of the component
as well as of the calculated unbalance of-the assembled tool system. The line of the compd
benepth the line of the tool system over the whole range of the rotational speed (between

Ug4¢ and Uy )- The graph of.aifine balanced single component of this tool system is s
diagfam of Figure 13.

5 is fulfilled.

(A.92)

unbalances,
nent sum is
the lines of

hown in the
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Figure A.5 — Permissible static unbalances of a HSK-63 component and the standard tool system

A well-alignied-standard tool systems, composed of three fine balanced universal components, fhlfils
the standard quality of static balancing at the same rotational speed. Tool systems, however, are usually

in favour of lower operating speeds than the rotational speed to which the participating smaller and
lighter components have been balanced for.

NOTE1 Radial component dislocations may sum up towards the front end of an assembled tool system,
thus leading to an increase of the “real” static and/or dynamic unbalance. This depends on the shank types and
interfaces, as well as the angular orientation of their radial dislocations. These effects are random (comparable
to the orientation of residual component unbalances) and a careful assembly can minimize cumulative radial
dislocation. Therefore, the possible single radial dislocation of an individual component is taken into account once.

B.2 also calculates the worst case unbalance of this tool system which might occur if all components
were dislocated to their full extent with the same angular orientation during assembly.
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It is always recommended to minimize radial dislocation by a careful assembly and finally measure the
actual tool system unbalance.

NOTE 2  If balancing of a certain individual component to the required residual unbalance
Formula (37) would not be possible; the relevant tool system, as a consequence, might exceed its permissible
static value as well. If this is seen critical or leading to problems in operation, the residual unbalance of any other
component(s) can be minimized as compensation.

NOTE 3

tool system.

A4.

The

Maximum radial dislocation of components within a tool system

according to

Refer to Figure 15 and note 2 in 5.1 for the rule of counting the number of components ksys of a

maximum radial dislocation of a component e; gy pax Within an assembled tool s

occuf if all single dislocations show into the same direction. Although this is very unlikely,

to the maximum unbalance of an assembled tool system, Ugtat sys Max -

The

k
4K,SYS =Zes,i
i=1

maximum eccentricities of the three components of a_standard tool system a

Formula (39) are given by Formula (A.94) to Formula (A.96).

€1,5Ys =€s,1

€25ys =€s1 t€s2

€35ys =€s1 Tegp T€g3

An example calculation is included in B.2:

A5

A.5.

Calculation examples

| Static balancing-of-a single tool with Lg; <Lgparmax

The ¢xample is based-on:

a)

b)

‘)
d)

f)

HSK-A63 toolwith L = 80 mm and Lg, = 70 mm (measured from the HSK face/spindld
foremost pogsible balancing plane); the distance to the tool centre of gravity is Lcg = 24

this type of tool is being used for standard machining ( fz srnp = 0,8);

ystem could
it could lead

(A.93)

ccording to

(A.94)
(A.95)

(A.96)

nose to the
mm;

interface HSK-A63 — ay = 50 mm, Dg = 63 mm;

double-check whether static or dynamic balancing has to be applied:
Lgratmax =2,2%Dg =2,2x63mm =138,6 mm;

— L, =70mm < LgrpT MAX 5
Result: static balancing is sufficient;

tool mass: m=600g;

cutting edge diameter: D =30 mm;

© IS0 2017 - All rights reserved
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g) reference diameter: Dppp =Dg =63 mm;
h) rotational speed: n=4000 min~};
i) peripheral speed: vpgr =791 m/min<v 49 =1000 m/min;
j) radial clamping accuracy HSK-A63 — eg =eygk.63 =0,002 mm.
|| |
1_
|
—."";
LCG = 22
1
/
Lg =70
L =280
Key
1 balancing area

Figure A.6 — HSK-A63 single tool for static balancing

The permisgible static residual unbalance is calculated according to the universal Formula (8):

5 fBaL *Cpyn Ly
’ n® Lg+ay +Lcg ( ’ )
to Formula (A.97):
0,8x25000 41
UstaT PER <9,12x10° x— : x > —(0,75+600><0,002)=970 gmm (p97)
' 40002 415+50+22

The minim4
the accurac]
shown in Fo|

| achievable-vesidual unbalance of this tool is determined according to Formula (1
V of the balancing machine (see Table 2) and the joining repeatability of the tool (mag

rmula (A98):

D) by
s) as

UminZYpmace +mxeysg =0,75gmm+600gx0,002mm =1,95gmm 1.98)

For the initial balancing (Ugrarpgr M) and a subsequent verification (Ugrarpgrcs), the tolerance
range of 15 % can be applied either statically to Usrar pgg . Or dynamically to Upq pgg and Up, ppg (as

described in 4.2.3). So, the following unbalance limits should be set for the two relating balancing
procedures of the tool manufacturer and the user [see Formulae (A.99) and (A.100)].

Tool manufacturer:

Ustar,per,TM <0,85%UgraT pER sTND =0,85%970 gmm =825 gmm (A99)
User:
USTAT,PER,CS < 1, 15x USTAT,PER,STND = 1,15 x970 gmm = 1116 gmm [A].OO)

54 © IS0 2017 - All rights reserved


https://standardsiso.com/api/?name=804950dd60887828578a9cb8e59123d4

ISO 16084:2017(E)

A.5.2 Couple unbalance due to quasi-static balancing with Lg <LgrarMmax

The example of Figure A.7 is based on:

a) flange tool with L=155mm and Lg; =140 mm;

b) flange interface: Dg = Dppg =80 mm;

c) double-check whether static or dynamic balancing has to be applied:

LQTAT,MAY =2,2xDc =2,2x80mm =176 mm;

T LpL =140mm < LgaT MaX 5

Result: static balancing is sufficient;

d) (qutting edge diameter: Dz =50 mm — v =314 m/min;
e) 1radius of the chip groove unbalance: rjy =20 mm;

f) totational speed: n=1000 min~!;

g) peripheral speed: vrgr =503 m/min<vg 4o =1000 m/mig;

h) HSK-63-spindle — spindle size #5 - Lg =415mm, Chyy =25000N.

40
=) \
(((\07/ - ]
Z RN Y BN I
20 W’ S S
4 '

LCPL = 120

Key
1  dentre of unbalarice

2 dentre of compénsation mass

Figure A.7 — Couple unbalance due to quasi-static balancing

Figure A77 SHows a worst-case example of static balancing due to the maximum distance between the
initiating unbalance and the material removing bore at the flange. It is only to estimate the influence of
a couple unbalance after static balancing.
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The missing mass of the chip groove (cross-section similar to a triangle) is estimated to Formula (A.101):

my =0,5x W xHg xLg x pg =0,5%x10 mm =20 mm x40 mmx7,8 —>-=31200mg=31g  (A.101)
mm

This means a quasi-static unbalance according to Formula (D.1) given by Formula (A.102):

Ugs =my xry =31gx20mm =620 gmm (A.102)
The resulting couple unbalance according to Formula (1) is given by Formula (A.103):

Ucpr, =Uqs X Lcpy, =620 gmmx120 mm =74 400 gmm2 (A{103)
The load Fglon the spindle bearings according to Formula (2) is calculated using FormulayA.104):

e_pl g _Uen (2mxn ) _74400x10 % kgm® () 2000 ' _ G alos)

B =I'B1cpL =1'B2,CPL Ly 60 0,415m 0s »
Compared tp the dynamic load rating Cpyn = 25 000 N (see Table 2, spindle size #5), the relevant rate of
utilization, Rpyy cpy,, by this couple unbalance is given by Formula (A.105):
F
Rpyncpl == 786N _ () 03106<<1% (A[105)

So the total
the same d

4 000 min-1

Result: Couj
account reg
the commor
need dynamn]

In case of {
recommend

Formula (2)
A.5.3 Dyn

a) HSK-A6

balancij

" Cpyn 25000N

rate of utilization Rpyn would only raise from 1% to 1,031 % if the couple unbalanc{
rientation like the residual static unbalance. Even doubling the rotational speg

W0uld just lead to RDYN,CPL = 0,124‘ %

ple unbalances of usual tools due to sensible static balancing do not need to be takern
hrding the spindle load even at highjworking speeds. This is indirectly also confirmg

way of static balancing in the tool'balancing practice. Special applications, however,
ically well-balanced tools.

pecial tool designs (eccéntric tools, non-symmetrical tools of big diameters, etc.),

amic balancing’of a single tool with Lg; > Lgrat max

B tool with™L=195mm and Lg; =175mm (measured from the HSK face to the
ng plane). The distance to the tool centre of gravity is Lyg =75 mm.

b)

ed to calculate the bearing load due to quasi-static balancing according to Formula (1)

b had
d to

into
d by
may

it is
and

front

This ty1|>e of tool shall be used for a finishing operation, i.e. fga; png =0,2.

‘)
d)

Interface HSK-A63 - ap =50mm, Dg =63 mm.

Verification whether static or dynamic balancing is required:

—  Lstatmax =2,2%xDg =2,2x63 mm =138,6 mm;

- LBL :175 mm>LSTAT'MAx.

Result: The tool shall be balanced dynamically.

f) Cutting

56

Tool mass: m=1400g.

edge diameter: D =30 mm.
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