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I—1. A=)l LDOEFE I-1. Features of the Ball Screws

(1) SHELSEEN (1) High Precision and High Reliability
BUEEF vt ERICIBan MRl sinIBs L. The screw shaft and nut made of specially treated

—EREICERSNATHNT, Bhoiiick fy Tatenal areheat treated. - _
MTAET->THYET Grinding by excellent equipment is made in the factory

R - . kept at a specified temperature. The ball screws are
oo MEDPSMEY T, REFC—BULTIRETEELT  manufactured through a consistent flow of processes

BINETOT. SRETSVMEEMEBTHIET, from material and assembly to inspection to provide
high precision and high reliability.

X1 24032
Fig. 1 Heat treatment

(2) FEHMERCARMMAR (2) Shorter Delivery Time and Lower Price
hlEheFohaiZse(bL. BETAILICLY), K#&»  The standardization and quantity production of
DI ER IR T BT N EIRETT screw shafts and nuts allows delivery of lower priced

products on shorter times.

(3) #hImINTEREDERRmDILTE (3) Shaft End Machining Finish and Expansion of
R TROREZEILTHEHIS. HR—P1ZUMEIR  Peripheral Parts
DELA-BIBERELII S NELELELA. TELTHYET, The shaft end machining finish is standardized along with
an expansion of peripheral parts including support units.

(4) REGESVMEDR o .
. e ; ¢ (4) Longer Life and Higher Transmission Efficiency
RUBEF /M AR—IVETL TERL TV SO TR The screw shaft and nut in contact through balls assures

K BEPTRVMEERN RN /ONET. TDH. & reduced abrasion and smoothness to provide higher

HROFATOREDLLEEIRIZZIEN TEET,  transmission efficiency. Therefore the accuracy can be
kept with smaller degradation even in prolonged use.

Forward Efficiency (IE%1%) Backward Efficiency (#%h%)

#=0.003

— (| =0.005

o
o
o
o

g : ~ uzo
< g - 1=0.005
# g0 T —— ] u=0.010 =~ o5 P ,{.—:F? 1=0.010
R ¢ = : P n e B 7 ——t—
] /// Ball Screw (£—JL#a.L) R / Ball Screw (K—JL#a.U)
= 80 A A e A 80 e
§ ,/ 1 : Friction Coefficient (EEf{HEL) B / ‘ l |
g 70 u=0.1 2 70 W : Friction Coefficient (BEEHRE) +—
il — %
i
el _— £ o v
o °
E v < o i § 50 ~
e - S l
40 // & 40 /‘/
30 / // 30 I / Lead Screw _|
/Lead Screw (¥~ HRL) tFxnat)
20 20 u=02
10 V 10 /‘
0 0
o 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Lead Angle : ') — K% (deg) Lead Angle : J— Kf (deg)
=R () Lead Angle (deg) |)—Rf () Lead Angle (deg)
Exp®R (A#—~E4%) Forward efficiency (rotation -> line) 1 EEEREL 1 Friction factor WghE (EiE—~E$E) Backward efficiency (line -> rotation)
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Fig. 2 Mechanical Efficiency of Ball Screw
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3 F—iLnl ERIR
Fig. 83 Groove proove of ball screw

JyI7—7%
RUBMIRICIE, V07 —UBERALTHYET, v T7—7#ld. BARXETENEI(TE, F
HEDF v THRXEEOICLTFEENFBIEICL), SSICEVAINEESNET,

Gothic arc groove
The Gothic arc groove is employed for the thread groove. For this groove, the axial clearance can be
reduced. Even with one nut, the rigidity can be increased by making the clearance zero and preloading.
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A= CDHE

Classification of Ball Screws

— FRER—IRBL —

Standard
ball screws

— FEEAR—-ILBL

Precision ball
screws

R—ILil
Ball screws

Precision ball
screws

R—=ILhal
SR
Associated

parts for ball
screw

L — & R—ILial —

Rolled
ball screws

BER—ILhl — = FEER

Custom order product

Support units

— FuhT Sk
Nut brackets
— J1)—X
Greases

— YR—bIZh —— & &

kM TS — TS (C5)
(DN TikEETR)
Shaft end unfinished —— TS (Ct7)

(Request for machining
finish)
B ST AR o
Shaft end finished

TP (C3)

— RS (81D #A)

RS (Shaft only)

— RM (L7 vh+#)

RM (Round nut + shaft)
— RC (3> /¥7hFyh+-84)
RC (Compact nut + shaft)
— RK (BFvh+Eh)

RK (Square nut + shaft)

(ct10)

B — By R—bazyk
Square support unit
—— ARV FR—rZuh
+XEFA= b
Square support unit +
supported end unit
— ALY R—h1Z b
Round support unit
— A B YR =
+REFEL=
Round support unit +
supported end unit

—T Ay7Fvb
Lock nut
—— N7y
Bearing
— RFvTIT
Snap ring
I 1l
Screw
 H5—

Collar

Main Body

L — &

Components

o
=[x}

¥—RHEEICDVTJIS B1192 TIMUBROHALLT C R, Cp R, #xHELT Ct RINTH
ESNTHYETH, BTl CO. C1. C3. C5. Ct7. Ct10 TREEELTHIET,
FLLIE IS B1192 £ HF AL,
The lead accuracy is defined under series C and Cp for positioning and under series Ct for
conveyance in accordance with JIS B1192. We have the lead accuracy denoted and controlled

in terms of CO, C1, C3, C5, Ct7 and Ct10.
Read the JIS B1192 for more details.



I-2. K=l UC—&

I-2. List of Ball Screw Products

R ERA-LBL—E Bt mm
Table 1 List of Ball Screw Products Unit: mm
. rn KUY Nominal 2R L s :
R—ILaUFEH : ~ S TEE AR
et UE TCEHME =F | B.oD | P Overal ength of | o " f - t@ 5
ype orball SCrew | 1o4el series Screw shaft diameter Lead ial cleararice screw shaft tandard product :
4 1 4.15 85 ~ 125
6 1 6.15 110 ~ 170
1 8.15 115 ~ 225
2 100 ~ 310 O
8 4
5 Bl 215 ~ 340
10
2 10.30 100 ~ 400 @)
4 @)
10 g 10.60 - 180 ~ 455
10 255 ~ 455
TP (C3 2 12.30 180 ~ 455 @)
(C3) 4 0.005 KT O
E 12.60
12 6 180 ~ 455
R 0.010 LUI'F
10 12.80
s . 455 ~ 605
BER—IL 12 0.030 LIF
TS (C5) 4 14.60
Precisi ~
recision ball 14 5 14.80 605
screw 10
4 15.60 0 (Preloaded) @)
5 180 ~ 1025 O
15 180 15.80 0.005 or less 5
TL (Ct7) 20 10or] 200 ~ 1025 o
7 16.60 0.010 or less
5
16 10 16.80 |0-030orless 1025
32
5 20.80 O
10 260 ~ 1025 O
20 20 21.00 o
40 20.80 ~ 1025
5 25.80 300 ~ 1025 O
25 10 O
20 26.00 300 ~ 1025 ®
30 5 32.80 600 ~ 1000
10 33.00 ~ 1025
8 2 8.30 200 ~ 400
10 140 10.30 |0.05 KIF 400 ~ 600
0.05 or less
4 12.50 - O
12 16 1280 400 ~ 800
RM 5 (@)
15 1 1580 Jo10 T 600 ~ 1200 8
LRl RK 16 30 16.80 | 0-10or less
Rolled ball 2 2080 =
olled ball screw 0.15 LI'F
RG 20 10 2180 10 150rless | 600~ 2000 O
20 .
(Ct10) 40 20.80 8}8 UT
5 25.10 uorless @)
0.20 LI T
25 10 25.30 1020 orless | 1000 ~ 2000 ©
o5 012 I
0.12 or less

MFEREEERICOIEL T, TiEL, BTOENTIEAYBIETOT. SEBEL TR,
*ER LOR/IME T OSUELTIRETT .
(%2 K L5 1000mm LI EDRREEICIGHERD DD BB AN HIET,)

¥ BCD ld, RLAEXU—RTH, ERTIMIREEX—H— LN BREVET,

For custom and rolled products, the value should be considered to be a reference value since there may be a slight difference

dimensionally.

A product having an overall length of screw shaft less than the minimum value can be manufactured.
(A product having an overall length of 1000 mm or more may require time to delivery.)
The BCD (ball circle diameter) depends on the steel ball used or the manufacturer even with the same outside diameter and lead.

_4_




[ —3. GEFRhEHRSHEHEH

I-3. Accuracy Grade and Manufacturable Screw Shaft Length

R2 HBEERCHRIEEERH B4 mm
Table 2 Accuracy grades and manufactureable screw shaft lengths Unit : mm
EE & R—ILhl
I Accuracy co ci Co c3 cs c7 Rolled ball screw
Screw shaft diameter (Ct10)
8 240 280 340 340 340 340 —
10 350 400 500 500 500 550 800
12 450 500 650 700 750 800 800
15 600 700 800 900 1250 1250 1500
20 600 1000 1200 1400 1900 1900 2000
25 850 1400 1600 1900 2500 2500 2500
LIT &8

HYHICHBOWTIIEORFR ERIEFIREG £ RIE 1,025mm £TTY,
The manufacturable overall length of screw shaft is up to 1,025 mm due to our machine capability.

[ —4. MEXRUVEE

I-4. Material and Hardness

SENLR—IBUDOMBEEREELET
The materials of the standard ball screws are shown in the following tables.

The rest is omitted.

R3 BER—ILRALOMERVEE
Table 3 Materials and hardness of the precision ball screws
217 & HANE BE
Type Material Heat treatment Hardness
o AISI4150H BREBRA
B Induction quenching o
. = HRC59°+ 3
U Standard SCM415H BRI
Screw shaft Carburizing and quenching
ZFULR BT
g SUS440C A HRC55°~
Stainless steel Vacuum quenching
= 5t 2R
RIE SCM415H . ./xlxkﬁk ' HRC59°+ 3°
Fuk Standard SCM420H Carburizing and quenching
Ik A7 BER
! ‘7oA SUS440C RA HRC55°~
Stainless steel Vacuum quenching
R4 HER—ILBUCOMERUVEE
Table 4 Materials and hardness of rolled ball screws
217 e AL EE
Type Material Heat treatment Hardness
S45C, S55C =R
tU#h R SKH Induction quenching
haft S5 gk
Screw sha Standard SCMA15H ‘ '/x}xkﬁl . HRC59°+ 3°
Carburizing and quenching
Fuk 1miE SCM415H RRBEA
Nut Standard SCM420H Carburizing and quenching




[ -5. BRAORTFHE

I-5. Designation of Model Number

(FZEfE R D)
<<Standard Precision Product>>

TS 15 10 C5 A — 900

Sz
Series
TP:C3
TS:C5
TL:C7
g — §EERS
Screw shaft diameter Z:0 (FF)
)—K — A5 ullT
Lead K:10 uldF
S:30 uldTF
vk BE A — T:50 /JLJ_F
RS N:100 uld T
Accuracy grade H:Znul b
(1ZE885)
<<Standard Rolled Product>>
RM 15 10 Ct10 N — 900
512
Screw
shaft
diameter
)—K R
Lead TEEES
VEEER Z:0 ((FFE)
D)X — A5 Ul
RM: fiFoh (F2—7 R gfacd”eracy K:10 ullF
RC : a2/ Fwyb S:30 uldF
(Fa—TRHEL) T:50 uldT
RK: A+ b N:100 uldF
RS gm&E 4 7h H:zhllt

Series

RM: round nut (built-in tube)

RC: Compact nut (protruded tube)
RK: Square nut

RS: Rolled shaft

NR

—I:T‘JWDI“D?%

Direction of nut
2R

Overall length of screw shaft
Axial clearance symbol

Z: 0 (preloaded)
A: 5 uorless
K: 10 u orless
S: 30 u orless
T: 50 uorless
N: 100 u or less
H: Over 100 u

NR

FubDEE
Direction of nut

Ex

Overall length of screw shaft
Axial clearance symbol

Z: 0 (preloaded)
A: 5 uorless
K: 10 u orless
S: 30 u orless
T: 50 uorless
N: 100 u or less
H: Over 100 u



(% F n?:r)

<<Custom Product>>

TS Z1510-25S A T—P R—900x860

FuMER

Nut information

NR

Léﬁ

Overall

—— RN A
R:A

L%

RL: BERTE

|
FybDEE
NR: BEER/ICTZY
NL : EERNICER

Nut direction
N R: Flange on the fixed end
N L: Body on the fixed end

BUE
Thread length

length of screw shaft

Thread direction

R: Right hand thread

L: Left hand thread

RL: Mixed right and left
hand threads

T T ]
FurER Nut type
T:F2—7 T: Tube
D:Z D: Deflector
E:IXR%+vy7 E:Endcap
Z: 701t Z: Others
HBEER Accuracy grade
P:C3 P:C3
S:C5 S:C5
L:Ct7 L:Ct7
R:Ct10 R:Ct10
Z:Z0fth, 45 Z: Others. May be
FLEHHNIE  described as CO,
C0.C1.C3., (C1,C3,C5,Ct7 or
C5.Ct7.Ct10 Ct10 if you desire
CEBELTHE  specifically.
L\
X7 Axial clearance -
Z2:0 ()  Z: 0 (Preloaded)
A5 ullTFT A: 5u or less
K10 uldF K: 10u or less
S:30 uldF S: 30u or less
T:50ulA™  T:50u orless
N:100 uAF  N:100u or less
H:ZhlE H: More than 100u
542 —

Screw shaft diameter

)—K
Lead

BB

Effective turns of balls

FTuNEAEE
SIKIILTILTINFYb
E:R77204F7 030 Fub
W R75 98TV Fyb

F:72 0884871V Fub
2zt

Nut combination

S: Single flange single nut
E: Single flange integral nut
W: Single flange double nut
F: Flange double nut

Z: Others

[ ZDf (BUF)

71/3—H53  Wiper type
P:75XFyY P:Plastic
L:Jy7o—JL L Lip seal
No: &L No: No wiper
Z: D1t Z: Others
L FAEBAZK Body type
T:F2—7AE (L) T: Built-in tube (round type)
C:Fa—TMHEL C: Protruded tube
(3> I¥TR) (compact type)
K:Fa-TABF b K: Square nut tube
D:Z% D: Deflector
G:HIKTL—h G: Guide plate
E: I R¥vy7 E: End cap
Z:ZDfth Z: Others
77 VMK Flange type
A IEAR A: Square
B:REAW B: Rectangle
C: [ C: Circle
D:M#f 1@tk  D: Circle flange, single side cut
E:Af 2EYIX E: Circle flange, double side cut
P: &L P: No flange
VA

Z: Others (thread, etc.)



I —-6. R=ILRUDBEE

R—ILBUDERERIUEBRHDAELTCRIIRY Cp R
5. #XAELT Ct RIITEDSNTOET,

PO —R
R RUDY A RERT DDA EELIAVI-K,

AR
BEERCHEICS>TRETAEMROME DL
B, FUY—RICHUETFOBELMAL—K, #iE
AR=ILRBLICHENTIE, —RISEFVPU-RERC,

- XK
2mrad OEER (Xid1[EER) (ST EEBEOLUSEE
TUMDIER B L E SR E,

- EEBEHE (s):
EHE) R TERDOREGHEEL XD A
BEE,

- REBEBEBOBIEFEE (T):
RUBENRICH TEEEBRGENSHUVZEEL
VWfE, BEZEPHABHFEICLIRLHNOENE
ZEBLT. H5»LOUBEHENPSHELTERET S,
ZTOEIRIEREIIRERICLIRD S,

- EXBHE (a):
FEEDLUHBEIEICKH T2 F VD EEDE#HH REE
BEMATEEE. RUHMEZEEL. BEAEERU
B TEE BB TAETIHEICI>TRDEND,

RERBHE (m):

EBBOEREARTIER. FVrOBENEE IR
Fold, BLHMOBUBAEDRIICHTIEBEEE
RYHRY»S, RNZFEESHEEYLEMUEIC
TR,

- (CRBERE (ep):
FONDEHBEIERE/-E. RLHORUBERRS
ICHIC T 2NRBEBBEAERHEDE,

- EE:
REBEEICFETLE2RADEF TIRAFERE S
ROBRABTROIBRICDVWTHREINS,

(Vu) :
FTUNDEXNZEEIER T2, LLEDWLLUIEE
PRI T IRKME,

(Vsoo) :
RUEORUBENRIATERICE S 300mm

I1-6. Lead Accuracy of Ball Screws

The types of ball screws are defined under series C and
Cp for positioning and under series Ct for conveyance.

Nominal lead:
A lead without tolerance to represent the size of ball
screw.

Specified lead:

A nominal lead value slightly corrected to compensate
the deformation caused by the temperature rise or
load. In ball screws for conveyance, generally the
specified lead is the same as the nominal lead.

Actual lead:
A relative axial load on actual screw shaft and nut
corresponding to a revolution of 2nrad (or one
revolution).

Specified travel (Is):

An axial travel obtained when screw shaft is rotated
with an arbitrary number of revolutions according to
the specified lead.

Specified travel target value (T):

A value obtained by subtracting the nominal travel
from the specified travel corresponding to the effective
thread length. It is set by previously correcting the
nominal travel in consideration of the temperature
change or external load. This value is determined
based on experimental data or experience.

Actual travel (la):

The actual axial travel of the nut corresponding to
arbitrary revolutions of screw shaft obtained by
successive measurement or by measurement at
specified intervals on the same position as the rotating
angle with the shaft fixed.

Actual mean travel (Im):

A straight line representing the trend of actual travel. It
is obtained by the least-squares method or a suitable
approximation using the curve representing the actual
travel corresponding to the effective travel of nut or the
effective thread length of screw shaft.

Actual mean travel deviation (ep):

A value obtained by subtracting the specified travel
from the actual mean travel corresponding to the
effective thread length of screw shaft.



X B R AR

A
BLEHORURBEDREIANTEEN1EE (2r rad)
I T BHRAME,

Variation:

The maximum amplitude of the actual travel curve
contained between two lines drawn parallel to the actual
mean travel. It is defined by the following three items:

(Vu):
Variation (maximum amplitude) for the effective travel
of nut or the effective thread length of screw shaft.

(Va00):

Variation (maximum amplitude) for a length of 300 mm
arbitrarily taken within the effective thread length of
screw shaft.

(V2rr) :

Variation (maximum amplitude) for any one revolution
(2rrrad) made within the effective thread length of
screw shaft.

M4 FKR—ILBUDBEE
Fig. 4 Lead accuracy of ball screw

EEBHBOEERE (T)

HUBHEMRS : I
Effective thread length f:lﬁgl (I%d travel target
[ k=BBE (m)

Actual mean travel (Im)

sy EBEHE (a)

Actual travel (la)

EEBHE ()

Specified travel (Is)

KRBHELZE (ep)
Actual mean travel

T deviation (ep)
one revolution Varx
2nrad
RS F—-ILRUDIEFEERT
Table 5 Types and series of ball screws
fEds] RIS E1R HE
Type Series symbol Grade Remarks
. JIS Rl
11'[%79.%{50)3'3 C 0. 1. 3.5 JIS series
For positioning
Cp 1. 3. 5
WX ISO %5l
- Ct 1. 3. 5. 7. 10 ISO series
For conveyance




®6 WEROAF-INRUICHTINRBEEEELLTE HFEE) BfIium
Table 6 Actual mean travel deviation and variation (permissible values) for ball screws for positioning ~ Unit: ym

e
Accuracy Cco C1 C3 C5 Cp1 Cp3 Cp5
grade
1EE (%= KR K& e K& K& K&
ltem BHE %EE “%EE %EE BEE “BEgeE BEgeE
nUSAmEs| T | ) | BE | ggy | BE | gy | BE | gy | RE | pgy | FE | gy | BE | gy
Effective Arﬁégﬁl Variation ﬁ::;ﬁ' Variation ﬁ%‘;ﬁ' Variation Arﬁ;z? Variation /x‘;i' Variation ﬁ?;‘;i' Variation ’Ar:;gil Variation
thread length | 4, ¢ travel travel travel travel travel travel
lu (mm) deviation deviation deviation deviation deviation deviation deviation
EiZ | T
Over |Orless| ep vu ep vu ep vu ep vu ep vu ep vu ep vu
= 315 4 3.5 6 5 12 8 23 18 6 6 12 12 23 23
315 | 400 5 3.5 7 5 13 10 25 20 7 6 13 12 25 25
400 | 500 6 4 8 5 15 10 27 20 8 7 15 13 27 26
500 | 630 6 4 9 6 16 12 30 23 9 7 16 14 32 29
630 800 7 5 10 7 18 13 35 25 10 8 18 16 36 31
800 | 1000 8 6 11 8 21 15 40 27 11 9 21 17 40 34
1000 | 1250 9 6 13 9 24 16 46 30 13 10 24 19 47 39
1250 | 1600 11 7 15 10 29 18 54 35 15 11 29 22 55 44
LIT &8
The rest is omitted.
K7 MEBRODAR-IRBUICHTIEE (FAHE) B ium
Table 7 Variation for ball screws for positioning (permissible values) Unit: ym
=
Accuracy grade Co C1 | C3 C5 Cp1 Cp3 Cp5
T | |
Itﬁea v300 | v2mrr | v300 | v2r7 | v300 | v2rmrr | v300 | v2rr | v300 | v2rr | v300 | v2rmr | v300 | v2 1
HEIE
HEE 35 | 3 5 4 8 6 | 18 | 8 6 4 | 12| 6 | 23| 8
Permissible value

&8 WERAFR—IBUICHTIRRBEERELLTE GrEE) Bfi:ium
Table 8 Actual mean travel deviation and variation (permissible values) for ball screws for conveyance Unit: um
=il Ct1 Ct3 Ct5 Ct7 Ct10
Accuracy grade
RRBEELRZE (ep) ep= (2 -1u/300) - V300 TEHHE
Actual mean travel deviation (ep) Calculated with ep=(2xIu/300)xV300
ZE (vu) HELEWV
1B Variation (vu) Not defined
ltem & Z& (v300)
Variation Variation (v300) 9 12 — e 210
ZE) (v2m) MELEL
Variation (v2m) Not defined




I =7. (RITEBIEE)

I-7 <<Mounting Accuracy of Ball Screw>>

R—ILRUDEUT T ERFEE

F—IVRUBAEREEL. E50 (1)~(8) OHWEE

BIZOWTERIN, HHERICHEEEHINET,
BEFEAEIE. JISB1192 [CLWMEINTHET,

X5

Mounting accuracy of Ball Screw

The mounting accuracy of Ball Screw is controlled based

on the accuracy items given in (1) through (8) of Fig. 5
and it is also described on the specification drawing.
The specific values are defined according to JIS

B1192.
BT ER¥EE

Fig. 5 Mounting accuracy of ball screw

Zlwlal —{ Z7®]a)
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[_L[]E] (4]

| Z17>]a)]

"_'—'Z()L"_

[_LIced]g]

LLISF]

&9 MUTERKERE (1)

Table 9 Mounting accuracy of ball screw (1)

FRES [
Model number | @] @ | @, (&) ‘ ® | @
BUHISNE RNAZE | IRhAZE | BERERE | BERAEAQZE |RhAE
Caast Tolerable | Tolerable| Tolerable Tolerable |Tolerable
Screw shaft | rynout | runout squareness | squareness | runout
diameter
8 0.008
TP 10 0.008 0.008
0.004 0.008 0.010
12
C3 15 0.009 0.009 0.012
8
10 0.011 0.011 0.010 0.012
TS 12
15 0.005
0.012 0.012 0.011 0.015
20
C5 25 0.013 0.013 0.013 0.019
8
0.014 0.020
10
TL 12 0.014 0.014
0.007
15
0.018 0.030
20
Ct7 25 0.020 0.020
8
RS 10 0.020 0.040
RM
12 0.040 0.040
RC s 0.010
ik 0.030 0.060
20
Ct10 25 0.060 0.060

(1) - (2) RLEHDBEERD IR T I
FEOFEAFARBRRN
ZOIEBICIE (8) RUEBMIRDFE
ARSRNDZ BN EENETDTH
EEFTIHENHIET,

(3) RUBMDZFEFERHMIRICX T 2RO

FEARAAERO
(4) - (5) BUEMDZHFERBIRICHT 2 HE
WEDERE
(6) BUEMDEIRICI T2V NEREITE 213,
TILUBMNEDESE

(7) RUEOEIRICT 2+ MEBROEES
mM E#RN

(8) RLEMEHIRDFEBEHRELIRN

(1) and (2) Radial circumferential runout of
outside diameter of screw shaft support to
axial line on thread groove surface of screw
shaft.

Since this item includes an influence of the
total radial runout of the screw shaft axial
line, it is necessary to correct the data.

(3)Radial circumferential runout of mounting
portions to axial line of screw shaft support.

(4) and (5) Squareness of end face of support
to axial line of screw shaft support

(6)Squareness of reference end face of nut or
flange mounting surface to axial line of screw
shaft

(7)Radial circumferential runout of peripheral
surface of nut to axial line of screw shaft

(8)Total circumferential runout of axial line of
screw shaft



£ 10 DfIEHEE (2)

Table 10 Mounting accuracy of ball screw

WAES (8) #RNAZE
Model number (8) Tolerable runout
kU nlaeR
Screw Overall length of screw shaft
shaft
diameter ~ 125 125 ~ 200 | 200 ~ 315 | 315 ~ 400 | 400 ~ 500 | 500 ~ 630 | 630 ~ 800 {800 ~ 1000
8 0.025 0.035 0.050 — - - - —
Tp 10
P 0.025 0.035 0.040 0.050 0.065 - - —
C3 15 . 0.025 0.030 0.040 0.050 0.055 — —
8 0.035 0.050 0.065 — - - - -
10
0.035 0.040 0.055 0.065 0.080 0.090 - —
TS 12
15
20 — 0.040 0.045 0.055 0.060 0.075 0.090 0.120
C5 25 - - 0.040 0.045 0.050 0.060 0.070 0.085
8 0.060 0.075 0.100 — - - - —
10
0.055 0.065 0.080 0.100 0.150 0.150 - -
TL 12
15
20 = 0.060 0.070 0.080 0.110 0.110 0.140 0.170
Ct7 25 - — 0.060 0.070 0.090 0.090 0.100 0.130
8 0.100 0.140 0.210 (0.270) - - - -
RM - 0.120 0.160 0.210 0.350 0.350 - -
12
RC
RK 15
20 - 0.110 0.130 0.160 0.250 0.250 0.320 0.420
Ct10 25 - — 0.110 0.130 0.190 0.190 0.230 0.300




R—IVRUDOEfT T EBFEEBITE ik

- RUBOBEOBMIRICH T X FMIEDOFEHRMAE
wh (1) (2)
COEBEICIE (8) RUHMMIRDFERARLIRNDEE
PWEEFNETOTHELTOIHEY HET,
RUEMEVI Oy 7 TXHL. MEMEI AP STHFI;IC
YTZAYIVT - DEREFRAEET,

Mounting accuracy of Ball Screw Run-out and
location tolerances

Radial circumferential run-out of the Bearing outer
diameter relative to the axial line of the groove surface
of Screw Shaft (1), (2)

Since this item includes an influence of the total run-
out in radial direction of Screw Shaft relative to the
centerline of Screw Shaft, it is necessary to correct the
data.

Support the screw shaft by V-blocks. Place a dial
gauge at the Bearing seat. Rotate the screw shaft and
read an indication of the dial gauge.

%v

cRUE O FEFREIRICX 2RI T T IO ERE M
AE#KN (3)
RUEMEEV IOy 7 TXIEL. BUEEEERSEhN D,
AT IEICE TSIV Tr - DERERHEVE
o

Radial circumferential run-out of the Journal relative to
the centerline of the Bearing seat (3)

Support the screw shaft by V-blocks at both ends of
the shaft. Place a dial gauge at the cylindrical surface
of the journal. Rotate the screw shaft and read an
indication of the gauge.
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(5)
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79,

> MEREISTEFDINEEEETTHY, X/ EE
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VIO I CEELECEERELGYET,

7

Axial run-out (perpendicularity) of the Bearing end face
relative to the axial centerline of the Bearing seat of
Screw Shaft (4), (5)

Support the screw shaft at the center holes in both

screw ends. Place a dial gauge at the end face of the

bearing seat. Rotate the shaft and read an indication of
the dial gauge.

** The method on the drawing is based on the peripheral
surface of the bearing seat. But it is equivalent to
one where the screw shaft is supported by V-blocks
at both bearing seats, since the bearing seats are
ground relative to both center holes.
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BaNS, FUMNIBEEXRF VNI IO UREICHE Trd v
YIVr—Y DEREGRAEVET,

N(7)

(6)
. 1%

Z

Axial run-out (perpendicularity) of the Ball Nut location
face or Flange mounting face relative to the axial
centerline of Screw Shaft (6), (7)

Support the screw shaft at the center holes in both
screw ends. Place a dial gauge at the end face of the
nut / flange. While rotating both the nut and the shaft,
read an indication of the dial gauge.
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- RUHEHOEIRDOFE SR 2H{RN (8)
RUHBMmRZE 2N TXEL, BUEERERSE LD
5, RUEMAMBEEICE T4 1YILr—J DERER AL
NET, BITERSIKICHEN, BOFRTOET,
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Total run-out in radial direction of Screw Shaft relative
to the axial centerline of Screw Shaft (8)

Support the screw shaft at the center holes in both
screw ends. Place a dial gauge at the cylindrical surface
of the screw shaft (journal). Rotate the shaft and read
an indication of the dial gauge. Measure the indicated
value at several points over the full thread length.
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1-8. Precautions for Handling the
Ball Screws

The precautions for safety use are described in this
section. Be sure to read these precautions before using
the ball screws.

The family of our ball screws is composed of high
precision products. Due caution should be exercised
when handling them.

0. Handling A CAUTION

(1) Never disassemble the ball screw.
This will cause ingress of dust and contamination,
degrading the accuracy and leading to accidents.

(2) Reassembly of any disassembled ball screw
is not permitted.
Incorrect reassembly can cause the ball screw to
malfunction. The ball screw should be returned to us
where it will be repaired and reassembled for a fee.

(3) Be careful with falling off of components due
to their own weight.
For a ball screw of the TL and TS series, its nut or
shaft could potentially fall off due to its own weight.
Take enough care to avoid injuries from fallen
components.

(4) Be careful to prevent the product from being
dropped and impacted.
The ball screw is a precision product.
Dropping of and applying a hit or impact to the ball
screw can cause failures such as improper rotation
and imperfect operation. The resulting damage to
the ball screw grooves, recirculation components
and balls can cause the ball screw to malfunction.
If dropped, the ball screw should be returned to us
for inspection. Be sure to inform us of the dropping
accident. The ball screw will be inspected and
repaired by us for a fee.

(5) Do not allow the nut of the ball screw to

overrun.
Allowing the nut to overrun may result in
malfunctioning due to escaping of balls, damage to
recirculation components, and indentation of the ball
grooves. Continued use in this condition will lead to
accelerated wear-out and damage to recirculation
components. If overrunning occurs, the ball screw
should be returned to us where it will be inspected
and repaired for a fee.
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Lubrication

Adequate lubrication must be provided when ball
screw is used, insufficient lubrication will result in
contact of metal, which in turn leads to increase
of friction and friction loss, thus cause failure or
shortening of service life.

Lubricants to ball screws can be divided into 2
types, namely lubricating oil and consistent grease.
In general speaking, in respect of maintenance,
consistent grease will lead to increase of dynamic
friction torque linearly along with increase of
roating speed, hence oil lubrication is deemed the
better better way when speed exceeds 3-5 m/min;
however don't forget the fact that there have been
examples that using grease has been capable of
achieving speed of 10m/min, with respect to the
equipment.

\\l\l\
\\l\l\

1. Design precautions
(1) Number of revolutions during operation
DmN value <= 70000 (precision and polished)
<= 50000 (rolled)

Dm: Ball circle diameter B.C.D (mm)
N: Maximum revolutions per minute r.p.m

Design consideration should be given to avoid
exceeding the above limits.

It must be noted that use of ball screw on the vertical
shaft creates a hazard of “fall of a head or other
component”.

(2) Dust prevention

If there is a possibility of ingress of dust or other
contaminant into the ball screw in the operating
conditions, attach a dust preventive cover such as
bellows for complete covering of the screw. Attaching
a wiper is also effective but not complete.

Ingress of dust or contaminant into the ball screw
may cause “defects including malfunction, degraded
accuracy and wear-out” preventing the prescribed
performance.

M
L]

i

M6 {BfEH/N\—ENO—-XZEBRHE X
Fig. 6 Dust proof Method by Telescopic Cover and Bellows
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Offset load

When offset load phenomenon occurs, screw life
and noise tend to bedirectly affected, which would
usually be accompanied with hand feel of rough
running. In the wvent unload running and running
right after assembling demonstrate different degree
of cases, this should be ascribed to the poor
assembly accuracy which will produce offset load
phenomenon as shown in Fig. 7

(3) Mounting of ball screw

When mounting the ball screw to a machine, the design
should allow its screw shaft to be mounted without
taking off the nut.

(4) Imbalanced load

The ball screw is structured to convey thrust in the
axial direction. When the ball screw is directly applied
with radial or offset loads, larger loads will apply to
the balls, shortening the product life. Also deviation
in concentricity between the screw shaft and the nut,
or shocks will lead to “shorter product life and lower
accuracy”.

(5) Operating environments

The family of our ball screws is manufactured for
general industrial purposes. Consult us when using the
ball screw in the following “conditions or applications”:

1) Use under extreme conditions such as very cold and
very hot places, use in vacuum, and outdoor use.

2) Applications where persons and property and rights
are greatly involved.

Medical equipment, public transport vehicles, mass
transport vehicles (aircrafts and railroads, etc.),
equipment associated with foods, and nuclear related
equipment.

3) Others

7 REE
Fig. 7 Offset load
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2. Mounting precautions

(1) Fall and falling off due to own weight

The ball screw has a low friction factor and moves
smoothly.

Due caution is required because both of ball screw
shaft and nut could potentially fall off by rotation due to
their own weight.

(2) Captured dust or contaminant

Pay due attention to captured dust or contaminant
when unpacking, handling and assembling the ball
screw.

Mounting the ball screw in abnormal or contaminated
conditions will result in degraded accuracy.

(3) Removal of the nut

“Do not remove the nut” as instructed above.

If it is required to remove the nut, use a temporary
screw shaft having a diameter of 0.5 mm to 1.0 mm
thinner than the screw shaft and remove the nut
with care to prevent falling of balls. In assembling,
reassemble the components with care so that balls
do not fall off and that there is no ingress of dust or
contaminant.

“Never disassemble the nut under any circumstances”.
If balls have been dropped off the nut or the nut
has been disassembled, return the product and
components to us. We will repair and reassemble them
at cost to the user.

(4) Mounting accuracy and shock

Pay due attention to the mounting accuracy of
each component and an assembly machine when
assembling the ball screw, support unit, bearing, pulley
and coupling.

“Never give shock” or do not allow table overrun in
assembling and test running.

(5) Grease
Apply grease/lubricating oil as appropriate. See page
12 for details.
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Precautions for Using the Ball Screws

For the ball screws, Alvania grease S2 is prefilled in
the nut at the factory and therefore there is no need for
special refilling in using them.

However, refill grease if it is found to be insufficient
by checking the level before operation or at start of
running-in.

During operation, check the oil film and level at regular
intervals and refill and lubricate as appropriate.

“The accuracy of the ball screw can be kept
for prolonged periods by performing periodical
maintenance.”

The list of lubricating oils/greases and the intervals of
refilling and inspection are described respectively in
Table |-5 and Table I-6 as a guideline.

®11 FA—ILRCH ABI)-Z—E
Table 11 List of lubricating oils/greases for ball screws
& Sk X—h—%
Application Product name Manufacturer name
—fixHA TIVINZTJ1)—2Z S2 BFIS LU
General use Alvania grease S2 Showa Shell Sekiyu
B, KR 2T T PS2 1 [l A A
Low-speed and low temperature Multemp PS2 KYODO YUSHI
=R, =R 2T T LR 1% R BE
High-speed and high temperature Multemp LR KYODO YUSHI
cCyU-Zx FEEBET
Y= )b— L C grease KURODA
Cleanroom LG2 NSK
AFE THK
F12 BBAROSEEAHGEIR
Table 12 Inspection of lubricants and refilling intervals
HBAE RIRIEE SR, e
Lubricating method Check item Inspection and refilling intervals

Dy

Intermittent lubrication

HE. BhhE
Qil level and contamination

1EECE (BE)
BRRZEICTHAE
Weekly (automatic), daily (manual)
Refill per inspection

B8R (F8)

contamination

. 5 5 % Hp2~

oy Bh, apoRise | EHIHES7R
G Contamination and ingress of o .

rease foreign matter In initial 2 to 3 months of operation

Usually every year
N N BRIAER

A SmER EMEE | s mERE(

Oil bath Before start of each day’s operation

Specify as appropriate depending on the wear conditions

KrctzU, AR VRE.

RARFERICKY), EE. s, XIBOVENHYET,

However, refilling or replacement is required as appropriate depending on the use conditions, tank capacity and

inspection results.




BREEERBR—ILRLU

Standard In-Stock Precision Ball Screws

SHLEINE - U-RFDMEEE

Combinations of screw shaft diameter and lead

B mm
Unit : mm
)—K
Lead
RUBhAE L 2 5 10 20
Screw shaft diameter
6
8 O
10 O O
12 O O
15 O O O
20 O O
25 O O O
OmtllAR—ILtal TP---C3
Ground ball screws TS---C5
TL---Ct7
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HR—bI1Zv b

Support Units

ORIy NFVES
Model number designation of support unit

B D mm
Unit : mm
B & 78 AL B e {y==pi] A—=ILRUDE RN EF
Fixed end Fixed end round | Supported end Applicable shaft diameter of ball
square type type square type screw
MS6 MR6 — o4, ¢6
MS8 MR8 SS6 8. ¢ 10
MS10, ES10 MR10, ER10 SS8 ¢ 10. ¢ 12
MS12, ES12 MR12, ER12 SS10 ¢ 14. ¢ 15. ¢ 16
MS15, ES15 MR15, ER15 SS15 ¢ 20
MS20, ES20 MR20, ER20 SS20 ¢ 25. ¢ 28
MS25, ES25 MR25, ER25 SS25 ¢ 32
ST TR
Bearing type
P SEL(T IJ/3—217
Standard type Economy type
6 70M6DF/GMP5 —
8 70M8DF/GMP5 —
7000DF/ i %
10 7000T2DF/GMP5 7000DF/Mid-grade
7001DF/ Y %k
12 7001T2DF/GMP5 7000DF/Mid-grade
7002DF/ i %
15 7002T2DF/GMP5 7000DF/Mid-grade
7004DF/ ¥ %k
20 7204T2DF/GMP5 7000DF/Mid-grade
25 7205T2DF/GMP5 —




MS BIEFBEYEA—PIZv M - ZELTT
MS Fixed end square type support unit, standard type

o e
s T < Ll . ® ® o
! / ©@\ T ® *MS6IE®F I —ILIEDEELA
T T /_&\ T :@Q/ The MS6 support unit is supplied without
I[ : m : : == 7 -~ theoilseal ®.
T o d | " I—t=i - - Moy
1] i u
il | Ll .
MS10~25 XMS 25
@ 48.0
2- ¢ d2 &L
¢ d1 ECYREL C 9 30.0
o ool aptn o |
O ] _ {9_
@ © !
N ®@§ il e
o . N I — -
a 3 ! Ly H J E—
°97 1@ & | %‘ﬂ sus 20
= L | L [ | 42.0
f e U |
‘ B
[ |
%= No.| #&%&#5 Description E% Qty
O N\9TL%  Housing 1
@) ~N71)>%  Bearing 1tyh 1 set
D : ® #/3— Cover 1
MS[] P09 Blackening @ Xx—¥— Spacer ]
MS[CIM - #EEREAYX  Electroless plating ® =)l Seal 1
MSLCIR AT RAYDENT treatment ® #aft7vb  Supplied nut 1
P A B C D E F K L R N d1 dz2 2 U
MS6 6 42 25 18 20 13 30 — 20 3.4 5.5 9.5 5.5 12
MS8 8 52 32 25 26 17 38 — 23 4 7 11 6.6 11 14
MS10 10 17
MS12 12 70 43 36 35 25 52 24 30 6 55 14 9 19
MS15 15 80 50 41 40 30 60 25 31 5 12 17 11 15 22
MS20 20 95 58 56 45 75 42 52 10 10 30
MS25 25 105 68 66 25 35 85 48 61 14 12 — 11 — 35




MR EIEBAFEYA—rIZ M - EELZTT
MR Fixed end round type support unit, standard type

4- ¢ d2 EV)EL
¢ d1 EECYRSL @ @
MR6 - 8 4- ¢ d2 drill thru
—_— gu ¢ d1 c'bore, | depth @
@ [¢ *MS6IEEA NN =iz DEEEA
- 8D ] @ The MS6 support unit is supplied
without the oil seal ®.
S
i T i ©f
© H _ - - - o
SL L ] a
F T K
L
OA

@
ou ®
F 2 . @
MR10~25 N X ’ ®
@E: 1
5 e i S
T
|
|
1
[ T K
L
%S No.| #B&EH  Description B Qty
@ INYTL%  Housing 1
@ N7 Bearing 1tk 1set
; , ® #/3—  Cover 1
L E
MRL] B Blackening @ A~N—H—  Spacer 1
MR[CIM - HEREAYX  Electroless plating ® >—Jl Seal 1
MRLCIR AT RAYDENT treatment ® #&ft+ vk  Supplied nut 1
P D L F K T C A B (P.C.D.| di d2 2 U
MR6 6 22 20 5.5 13 7 3.5 28 35 28 5.5 2.9 3.5 12
MR8 8 28 23 7 14 9 4 35 43 35 6.5 3.4 4 14
MR10 10 34 42 52 42 17
MR12 12 36 29 55 16 13 a 44 54 44 8 49 6 19
MR15 15 40 32 12 17 15 6 52 63 50 9.5 5.5 22
MR20 20 57 52 10 30 22 10 68 85 70 11 6.6 10 30
MR25 25 63 57 12 30 27 10 79 98 80 15 9 13 35




SS ZHFABEYA—rAIZv A
SS Supported end square type support unit

®

SS6~25

@

Q

VH7
1 EECH

2.
¢
2- ¢ d2 drill thru
¢

¢ d2 ZV@EL
d

JRSL

\ 14
o K d1 c’bore, | depth
® / m 8 T T | T T
= 3 |11 |
P : P b Q
1K w P P
1 1 |
F
T
A
*10 ~ 25 BEJUMIShEFEA
The support units of the number from 10 to 25 are not counter bored.
. . %% No.| &EBam®B#s Description B Qty
SS] -, Blackening 0 N5T27  Housing ]
SS[CM - EREAYX  Electroless plating @ ~N71)>%  Bearing 1
SSCIR S LAFUR RAYDENT treatment ® E®#  Retaining ring 1
N7 LR
AlB|C|D|E|F|V|T|dl|d|e]|d vl SR
P Bearing type Retaining ring used
SS6 6 42 12511820 |13 |30 12 |9.5|5.5
SS8 8 52 |32 | 25|26 | 17 | 38 17 15|11 /6.6 )6 B60622 S6
SS10 10 22 8 B608Z2Z S8
SS12 12 70|43 | S8 (24 |86 | 52 26 | 20 . 10 B6000Z2Z S10
SS15 15 |80 |50 | 41 | 25 30 60 | 32 o — |15 B6002Z2Z S15
SS20 20 | 95|58 |56 |30 75 | 47 | 26 11 20 B62042Z2 S20
SS825 25 |105|68 |66 |25 |35 |85 |52 |30 25 B62052Z2 S25
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1. International System of Units (SI)

International Systems of Units and Their Usage
excerpted from JIS Z 8203: 2000.

1. Scope

This standard defines the international system of units
(S1). It recommends use of several units especially
selected for general use from the units in the table for
integral multiples of 10 of Sl units. It also defines other
units that may be used with the international system of
units and specifies the definitions of the basic Sl units.

2. Reference standard

The standard listed below forms a part of the provisions
of this standard by being referenced. This reference
standard is applied with its latest version.

IEC 27-1: 1971, Letter symbols to be used in electrical
technology — Part 1: General

3. Sl units
The designation of the international system of units
(Sl) was adopted in the 11th Conference General des
Poides et Mesures (CGPM) held in 1960 together with
its international abbreviation SI.
This system of units consists of the following units
providing a compatible system of units.

- Base units

- Derived units

3.1 Base units
The international system of units is based on the seven
base units shown in Table 1.

=1 SIEKBAL
Table 1 Sl Base Units

= . SI EARE Sl base unit
&0 Brsa quantlty &#5  Designation it= Symbol
£< Length *—NL  meter m
BTE Mass 055, kilogram Kg
BERE Time # second S
EiR  Current T/RT  ampere A
#5%8E Thermodynamic temperature | 7 /LEY  kelvin K
YEE Amount of material EJL mole Mol
FE  Luminosity HF5  candela cd

4. SI B 10 DEIFERE
SIBEAMD 10 DEHEEDZHRRVELESIER I ITRT
EHEETAVTRT,
BEEDRSE. ThYEEERINIBRELSEE
ICREAINDDDEALET, LD ->T. ZOREEIZEST
10 DEHREDOHLWESHEEIN, ZOHFLWES
FEBONEEHEM I THLL, £ MOBAOES
EREEL TSN/ B R L TH LV
ZIEREIR. EELAEBEBEOHR THERLTRESE,
Bz, F/A—=MLIE nm ERL. mum ERLTIZESE
U

4. Integral multiples of 10 for Sl units

The designations and symbols of integral multiples of
10 for Sl units are described with prefixes shown in
Table 3.

The symbols for the prefixes shall be joined to their
mother symbol to which they are directly concatenated.
Thus this joint will form new symbols for integral
multiples of 10. These new symbols may be attached
with a positive or negative power exponent. Also they
may compose derived units jointed with other unit
symbols.

The prefixes shall not be used in the form of combined
prefixes. For example, nanometers shall be expressed
as nm and shall not be expressed in the form of mum.



x2 BEBEOBHEDD SIMEILEA
Table 2 SI Derived Units having their Specific Designations

R3 S| E5RE

Table 3 SI Suffixes

IS

S| #B3L B
Sl derived unit

SI B B RV

Derived quantity EBHEOEH | o |SIHATEMICLERLS
Specific Symbol Indication using the
designation Sl base units and Sl
derived unit
FEA ST
Plane angle radian - bt
VA% RFITVT 0 s
Solid angle steradian Sf Isr=lmim=]
s E NIy .
Frequency hertz bl THz=1s
ya] Za—hk> 2
Force newton N 1h=ikg - mis
EA. i5H INZHIV R
Pressure and stress pascal Pa i
IINE— E AE S
Energy, work and quantity of | | J 1J=1N*m
heat joule
INT— &R 7k
Power and radiation flux watt W THETUS
=) [S=r—2-—14 T
oot I A I 1C=1A"s
Electric charge and quantity | coulomb
BN, Bz, EF. £END
i i i RIL

Potential, difference in IV v TV=1W/A
potential, voltage and volt
electromotive force
HERE T7IR
Capacitance farad F 1F=1CN
e L _
WSS e Q 10=1V/A
Electric resistance ohm
780X U—AR s 1821 0"
Conductance siemens -
RdR r—/\
Magnetic flux weber e Licalidts
HWRBE F2Z 2
Magnetic flux density tesla i 1T=1Wb/m

~ > ~ ~ | —_
1 IFAA ) H 1TH=1Wh/A
Inductance henry
IV RBE BIVOIRER| .
Celsius’ temperature degrees C* e AC =~k278.15K
FE V=X

. Im 1lm=1cd - sr

Luminous flux lumen
R VT2 Ix 1Ix=1Im/m?
Luminance lux

kT IRE, BIVOIRBEDEERTDIEISEDEMIIEANKDIES

DEHTHB,

* The degrees C are a specific designation in place of the unit kelvin when used to

indicate the value on the Celsius’ temperature scale

BIICFLD .
P ¥EIEEE
Multiple Suffix
number
by which 2F5 B
the unitis | pesignation| Symbol
multiplied
55 A%
10 yotta v
. &
10 zetta z
10 I7% E
exa
15 Nfl
10 peta R
10" 77 T
tera
10° N G
giga
10° . M
mega
*0
3
10 kilo k
) NIk
10 hecto h
Th
10 deca da
. b
10 deci :
twF
-2
10 centi ©
107 sV m
milli
- ~{7A
10 micro H
107 >/ n
nano
-12 E3
10 pico P
s PAVAN
10 femto f
18 7b
10 atto a
107 7 2
zepto
o4 EN
10 yocto ¥




2. S| BfifiaEx

2. Sl unit conversion table

@®/. EE Force. Weight

N (Za2—k>) dyn (£42>) kof Iof
kg * m/s? g cm/s’ (EEXOTTL) (EEARR)
1 10° 0.101972 0.224809
10° 1 1.01972x10® 0.224809%10°
9.80665 9.80665X%10° 1 2020462
4.44822 4.44822X10° 0.453592 1
) BffEeILIE S BERTY, Note) Highlighted cells show Sl unit.
@/C71 Stress
ra (’\/Jrizj)b) MPa mﬁgiﬁ») kgf/mm? kgf/cm?®
1 1x10° 1.01972%107 1.01972x10°
1X10° 1 1.01972x10™ 1.01972%10
9.80665%10° 9.80665 1 1X10°
9.80665X%10° 9.80665%107 1x10% 1

) BfEEIVESI BRRTE,

@®/L/1 Pressure

Note) Highlighted cells show SI unit.

Pa (l\/ljn;:zjw) MPa (;:/j;/rr\:?jj}b) bar kgf/cm? atm mmH,O an;:g
1 1x10° 1x10° 1.01972x10° | 9.86923%10° | 1.01972x10" | 7.50062x10°
1x10° 1x107 1x10% 1.01972X10° | 9.86923X10° | 1.01972%10? 7.50062
1x10° 1 1X10 1.01972X10 9.86923 1.01972x10° | 7.50062%10°
1x10° 1x10" 1 1.01972 9.86923x10" | 1.01972%x10* | 7.50062%10?
9.80665x10* 9.80665%107 9.80665%10" 1 9.67841x10" 1x10°* 7.35559%10°
1.01325x10° 1.01325%10™ 1.01325 1.03323 1 1.03323x10° | 7.60000%10?
9.80665 9.80665%10™ 9.80665%107° 1x10™ | 9.67841x10° 7.35559%x10%
1.33322x10° 1.33322%x10™ 1.33322x10° | 1.35951x10° | 1.31579x10° | 1.35951%10 1

i) BREEILESIBURTY,

Note) Highlighted cells show Sl unit.

@E)%5%  Kinematic Viscosity
2 cSt St
m'/s mm?®/s cm’/s
1 1X10° 1X10°
1X10° 1 1X10°
1x10™ 1Xx10° 1

) &ftEteuE SI BURTE,

Note) Highlighted cells show SI unit.




- ITxF—-HE
Work, energy and quantity of heat

J kW -h kgf-m kcal

1 2.777 78x107 | 1.01972x10" | 2.388 89%10™
3.600x10° 1 3.670 98x10° 8.600 0X10?
9.806 65 2.724 07X10® 1 2.342 70%x10®

4.186 05x10°

1.162 79x107

4.268 58%10°

1

e 1J=1W"-s, 1J=1N*m

W kgf+-m/s PS kcal/h
AR (T ) %ok 1 1.019 72x10" 1.359 62%x107° 8.600 0x10™
Power and flow of hé;t 9.806 65 1 1.333 33%10° 8.433 71
7.355X10? 7.5%10 1 6.325 29%X10°
1.162 79 1.185 72x10" 1.580 95107 1
e 1W=1J/s, PS: {ABH
e 1W=1J/s, PS : Metric horsepower
@®ZE mass
kg (¥O75L4) g (J3L4) b (KR) t (k) oz (#X)
1 10° 2.20462 10° 35.274
107 1 2.20462%10? 10° 0.035274
0.453592 453.592 1 0.45392x10° 16
1000 10° 2204.62 1 3.5274x10*
0.0283495 28.3495 0.06250 2.83495x107 1
) BEEEILE S BURTT, Note) Highlighted cells show S unit.
@:%%E velocity
m/s m/min km/h ft/s ft/min mile/h
1 60 3.6 3.28084 196.850 2.23693
0.0166667 1 0.06 0.054807 3.2808 0.0372823
0.277778 16.667 1 0.911344 54.6807 0.621371
0.30480 18.288 1.09728 1 60 0.681818
5.0800 X 10 0.30480 0.018288 0.0166667 1 0.0113636
0.447041 26.8224 1.60934 1.46667 88 1
@KZ Length
m cm mm um nm A in ft
(X=FL) | (B FA—NIL) | (RUA=RIV) | (RATAA=RIL) | (F/4=RIL) | (F2F ZhO—L) (€>F) (71—H)
1 100 1000 10° 10° 10" 39.3701 3.28084
0.01 1 10 10°* 10 10° 0.393701 0.0328084
0.001 0.1 1 10° 10° 10 0.0393701 | 3.28084%10°
10° 10™ 10° 1 10° 10 39.3701%10° | 3.28084%10®
107 107 10° 10° 1 10 39.3701%10° | 3.28084%10™®
107° 10°® 107 10 0.1 1 39.3701%107°|3.28084%10™"°
0.0254 2.54 25.4 25.4x10° 25.4%X10° 25.4%x10" 1 0.833333
0.3048 30.48 304.8 304.8x10° 304.8x10° 304.8x10’ 12 1
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3. Geometrical Tolerancing - Tolerancing of Form, Orientation, Location and Run-out excerpted from JIS B0021: 1998.

REDIERE Eiixes EE
Type of tolerance Symbol Definition
EEERE B AADEMZNER,SDITVDHFRE,
Straightness — Permissible value for deviation from the geometric straight line of a straight-line
tolerance form.
N /N
FEELE FEWORALHTED DR OHEI,
Flatness 0 S - .
Permissible value for deviation from the geometric plane of a planar form.
tolerance
S
REEARE AR ORFEROMS DR DR E,
. Roundness @) - e o :
FoRAZE tolerance Permissible value for deviation from the geometric circle of a circular form.
Form ——
tolerances | AL py BT EORAEHRE S DE OB EIE.
toTerance Y Permissible value for deviation from the geometric circle of a cylindrical form.
FROERIBEAE HRICERATEICL S TED SN ZRERE S DIRDEHEBDIT LV \DEFAE,
Line profile M Permissible value for deviation in line profile from the geometric profile defined by
tolerance theoretically accurate dimensions.
EDwRFENE ERNICERETEICL S TED SN AR PSDE NSRBI \DEFRE,
Surface profile o Permissible value for deviation in surface profile from the geometric profile defined
tolerance by theoretically accurate dimensions.
FEEAZ TR LERELRT -2 LFEICHL TR TS A F M ERE S EARHTE,»S>D
s | FITTHBINEERI AL FEREOT O DHFRE,
Parallelism // | o L . )
Permissible value for deviation of a straight-line or planar form to be parallel from the
tolerance ‘ ) i . . ) .
geometric straight line or plane that is parallel to the datum straight line or plane.
I F—8LERELIET -2 LFEICHL T BALBAFENEREEAFOFEI>D
REA e EE THINZERM AL EFEMEOE OHFEE,
BEINE Squareness 1 | e o . ;
: . Permissible value for deviation of a straight-line or planar form to be square from
Orientation | tolerance ' . ‘ . : )
tolerances the geometric straight line or plane that is square to the datum straight line or plane.
TR LERELRT - LFEICL CERNICERSBEF I DEMENBEGEIE
A e A BEZNFE,PSOERNICERLAEFD ONEERT AL EPER ATV DOH
g?gi?gtey < Permissible value for deviation of a straight-line or planar form to have a
theoretically accurate angle from the geometric straight line or plane that has a
theoretically accurate angle to the datum straight line or plane.
B TR LEERMEOMEICEEL CEDSNERINICERAEB,ISDS, BiRF A,
S FRPEM AT OHEE,
Positional d} L . . ) .
tolerance Permissible value for deviation of a point, a straight-line, or a plane form from the
theoretically accurate position defined in relation with the datum or other form.
FI#EAE RHMEAZR. 7—5 AMEREF— B LI hE RO T — 2 LAHERAS DL
$ri3 D BB, £, FOEAER. F—2ABORLIHT2ORMHEOHOOME
LBAE BLEAE EVDOFEE,
Location Coaxial @ The coaxial tolerance is a permissible value for the datum axis straight line of an
tolerance tolerance or axis line to be in the same straight line with the datum axis line. The concentricity
concentricity tolerance is a permissible value for deviation in position of the center of other
tolerance circular form to the center of the datum circle.
- TR LHERRE T -2 LR OFEICEL TEVCHI THENEHARDMFFLENS
ool _ DECOHRIE,
tosllgzri;y - Permissible value for deviation from the symmetry location of forms to be
symmetric with the datum axial straight line or datum central plane.
TS LMEBEIREME T BAERFET -2 LBMBEROETHNICEELEE, ZORED IS
MERNAZE ESNMBEFREBOUEBICSVTIEESN A RICEN T35 AE,
Circumferential / When a rotary form with the datum axis straight line as an axis is rotated around
run-out the datum straight line, its surface could be displaced in a specified direction in a
RhAE tolerance specified or arbitrary position. This tolerance indicates a permissible value for this
Run-out displacement.
tolerances T2 LMEREME T ZEEEET -2 LBEROEDY(ICEELAEE, ZTOREN IR
EIRNAE EShi=ABEICEMT3HRE,
Total runout Z/ When a rotary form with the datum axis straight line as an axis is rotated around
tolerance the datum straight line, its surface could be displaced in a specified direction. This
tolerance indicates a permissible value for this displacement.




RS

Characteristic

REBDEE
Definition of tolerance zone

symbol

FERAXDHIEEER

Example and description of indicating type

ABEAE
Straightness tol

erance

ot

AREBORICE S pEFEET 5.
AEFIIERt ORBICL->TH
HEhs,

The tolerance zone is bounded
by a cylinder of diameter t when
the symbol ¢ is attached in
front of the tolerance value.

—[#0.08]

| "”‘E
il ===z

RECERATIABOERD (B
BHUk) #igiE, ERZ0.080DH
BAEBOFRICHETNIEES K,
The actual (reproduced) axis
line of a cylinder to which the
tolerance is applied must be
within the cylindrical tolerance of
a diameter of 0.08.

FEEAE

Flatness tolerance

NEFIE, IRt BN AT

XD (BRULAE) FEIE. 0.08

=z BN T [t}
o = |ZFmEcETRSENS, 7 0.08] o 1— ¥ U=
> ' 'tl)'hettocl)erancc-:lllz'one |fs boundted The actual (reproduced) surface
\y diystavr\wl paf\rta ol suriaces at a must be in between two parallel
ceort. planes 0.08 apart.
EMEAE

Roundness tole|

rance

MFRET BHEEICHNT, AZE
HIEFRED ZDDMICL->THEH
N3,

In a cross-section to be
symmetric, the tolerance zone is
bounded by two coaxial circles.

AFERCHETVOREOEEDHE
MEIcHWT, RED (BRLL)
FREEOIRIEFZIERT0.03
VBN BT E E DRSO =
DOHEOBIIHEFNIELRSE,

In an arbitrary cross-section
of the cylinder surface and the
circular cone surface, the actual
(reproduced) radial line must be
in between two coaxial circles
on the common plane 0.03
apart in radial distance.

AfERZE

Cylindricity tolerance

L

AEEE, FEEEt 2 BEN /- F R
DZODABEICL->TREIEN B,
The tolerance zone is bounded
by two coaxial cylinders at a
distance of t.

&l

EED (BEHRLA) AERE,. F
ZIERET O AU BEN/-FED =
DOABOBICETNIERESE,
The actual (reproduced) cylinder
surface must be in between
two cylinders 0.03 part in redial
distance.

FRDERLEE N TE

LT =2 LICEEL B VR DERE

REZAZE (1SO 1660)

Profile tolerance for a line: Profile tolerance for a line not associated with the datum (ISO 1660)

NEHG ERtOZEHROD
DBHEEFICEoTHEFIZN, Zhs
DEOFDISIRRICIERL
AIZFIREE DIF LI BT 2,
The tolerance zone is bounded
by two envelope curves
enclosing circles of a diameter of
t. The centers of these circles lie
on the line having a theoretically
accurate geometric form.

EREN-AEICH DI EICT
TEEMEICHNT, EED (B
BL7:) WwEBARIER 0.04 D, 2L
TZNSDE DD IRAER 4 A7)
FRAREE IR EICHETIMAN -
DO BHEFRDBE AL S,
In each cross-section parallel
with the surface of projection
in the indicated direction, the
actual (reproduced) profile must
be in between two envelopes
enclosing circles of a diameter
of 0.04, the centers of which lie
on the line having a theoretically
accurate geometric profile

EDEwBEARE

LTS LICEEL AV EDERS

REE/A7ZE (ISO 1660)

Profile tolerance for a surface: Profile tolerance for a surface not associated with the datum (ISO 1660)
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The tolerance zone is bounded
by two envelope surfaces
enclosing spheres of a diameter
of t. The centers of these
spheres lie on the surface
having a theoretically accurate
geometric form.
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