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Our experience with a multitude of cardan shaft appli-
cations, gathered over more than 60 years, has made
Spicer Gelenkwellenbau a leading manufacturer of
cardan shafts for automotive and industrial uses.

A worldwide network of activities and partnerships and
belonging to DANA’s international group of companies
form the basis of our competence.

It is our corporate policy to secure this position in the
long-term through technical innovation, quality, reliability
and flexibility, thereby maintaining our capability to
supply economically efficient, high-performance
products in a changing market environment.

Our cardan shafts contain a wide range of products
for various applications, covering a torque range from

2.400 - 15.000.000 Nm

F A ARFEE, SEAEATREEMN
BRI BN EE R BB T SEA LR

BRI iLﬂﬁﬁﬁE%Fﬁ?ﬁ?tk%ﬁ:iH&
L RIUG A — AR PR B 1E g (687/688 F1587 & 51D

A5 AR LI . XMiRTT (390/392/393 & 5170
492/498 75) BAEHMBEHNHMALHN,
HEMRSTER, WHEEX, £AGFaAAIGM,
5] B A8 - 4P Fn i e

There are basically two types of cardan shafts which
have evolved into a worldwide technology standard.
Their main difference lies in the design of the bearing
eye.

Closed bearing eye: This is a design used mainly in the
commercial vehicles sector and for general mechanical
engineering applications (Series 687/688 and 587).

Split bearing eye: Developed for heavy and super-heavy
duty applications, this design (Series 390/ 392/393 and
492/498), provides compact dimensions in conjunction
with a maximum torque transmission capability and
greatly improved service life, apart from facilitating
maintenance and assembly operations.



We are the experts in transmission engineering ...
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%%l /| Series

687/688 %7l

587 &7l

390 #7 (EXRHAKFaiZIT)

(max. bearing life)

©

\

Y

/

HHRESEE T A
2.4 - 35 kNm
SEEXER100-225 mm

Torque range T¢s
from 2,4 to 35 kNm

Flange diameter
from 100 to 225 mm

FSEE Tes /9
43 - 57kNm
SEZER 225-285mm

Torque range Tcs
from 43 to 57 kNm

Flange diameter
from 225 to 285 mm

HIESERE Tes
60 - 255kNm
EEZEHE 285 - 435mm

Torque range Tcs
from 60 to 255 kNm

Flange diameter
from 285 to 435 mm



i% it % & /Design features

B BRI
R

SEP R
S RAAR
VEF L{FRBEAT A 25°
ASIAA 447

B RBRILRT
PRI
AEPEAR

EFEMEREEARE
(587.50 BUREBRLAR)
R IIERERR 24°

A PR 8] A i AT AR A e IR 1
#l3 AR LIRS,
PN

£ itk any

DL T il

fHAE R R A AR R

VA LIEmERIA 15°

Closed bearing eyes
Compact design

Low maintenance
Plastic-coated splines
Operating angle up to 25°,
partly up to 44°

Closed bearing eyes

Compact design

Low maintenance

Splines coated with lubricating
varnish (587.50 — Plastic-coated)
Operating angle up to 24°

Maximum bearing life in
confined spaces

Split bearing eyes with
toothed bearing cap
Compact design

Optimized roller bearing
Length compensation coated
with lubricating varnish
Operating angle up to 15°

Survey of cardan shaft series

K F 40 18 /Preferred application

o LR

® EHLWI

e MAERIRE
o —EAMEIE

RASHENSH N

® ShIRAIH

® LI

o MRER)EE
® —fRMIMHIE

BRASH NS HR

BRI G5
ARARFEElIE
RERE
IEAA

— AR TE

BARSHAZHR

® Railway vehicles

® FRolling mill plants

@® Marine drives

® General machinery construc-
tion plants

Technical data (see Data sheets)

@ Railway vehicles

® FRolling mill plants

@® Marine drives

® General machinery construc-
tion plants

Technical data (see Data sheets)

Railway vehicles
Marine drives
Crane systems
Paper machines
General machinery
construction plants

Technical data (see Data sheets)
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392/393 #5l ( KERIEHSFaniAK )
(high torque capacity/optimized bearing life)

1]

O

492 #% (BRAFEHEAZEDN)
(max. torque capacity)

498 %7

IESERE Tes 3
70 - 1150kNm
SEXEHEZE 225 - 550mm

Torque range Tcg
from 70 to 1150 kNm

Flange diameter
from 225 to 550 mm

HIESERE Tes /9
210 -1300kNmM
SEXEZE 285 - 550mm

Torque range Tcs
from 210 to 1300 kNm

Flange diameter
from 285 to 550 mm

HIESERE Tes M
1880-15000kNmM
SEXEHEZ 600-1200mm

mERE, RHEEARS

Torque range Tcg
from 1880 to 15000 kNm

Flange diameter
from 600 to 1200 mm

Larger sizes available on request
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VR IIEmENR 10° -15°
393 BHHKABKE

VPRRABLE 393 RAITA
f5 RARILIRIT,

D EH

PO SE
I A
AR A R E
ViR LfEREN 7°-15°

RIEXS B AV IER
RARRIAG AR K,
BEMITHITIERERN
KAV BRI

&l oy ALt
2 AT

Ho g T LA =

VR IfERERL 15°

High torque capacity despite
small connecting dimensions
Split bearing eyes with
toothed bearing cap

Compact design

Journal cross with low notch
factor

Length compensation coated
with lubricating varnish
Operating angle 10° up to 15°
393 with optimized bearing life

Increased torque capacity in
comparison to 393

Split bearing eyes with too-
thed bearing cap

Standard Hirth-serrated flange
Journal cross with low notch
factor

Length compensation coated
with lubricant varnish
Operating angle 7° up to 15°

3 operating angle versions for
maximum torque or maximum
bearing life capacity

Split bearing eyes with
toothed bearing cap

Standard Hirth-serrated flange
Operating angle up to 15°

Survey of cardan shaft series

W A 4 18 /Preferred application

® EHLWI
o FINUZENRE
@ REAYIH

BAZHENZHR
® LNl

® [LIEHLER)RE
o FFERE R

RARSHENSH N

® FLHLEFLRNELMAL
o —IREANIM

BASHAZHR

® FRolling mill plants

® Calender drives

@ Heavy-loaded plants of gene-
ral machinery construction

Technical data (see Data sheets)

® Rolling mill plants

® Calender drives

® Extremely high loaded plants
of general machinery con-
struction

Technical data (see Data sheets)

@® Main rolling mill drive units
@® Heavy-machinery construction
plants

Technical data (see Data sheets)



T3 Ta) 4 B R ik iz 1T B B4

%% |/ Series

587/190 %% (#BE&EIZIt ) /Super short designs

/7
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392/393 %%l (=W XTX AEY ) /Tunnel joint shafts

e D

==

B XY R /Intermediate shafts

FeAESERE T
23 - 94kNm
SEZER 275 - 405mm

Torque range T¢s
from 23 to 94 kNm

Flange diameter
from 275 to 405 mm

HHESER Tes
57- 1053kNm
NNk

225/315-550/710mm

Torque range Tcg
from 57 to 1053 kNm

Flange diameter from
225/315 to 550/710 mm



Special designs of cardan shafts and additional equipment

i% it 4% & /Design features

AU R (587)
sl oy A hAFLikt (190)
ESRER- A VG Y/
VR IfERERE 5°

BB KM= EERIT
AR TR R
il li

RSN AR
TR rL, HEamE
T

[hh e b Y=
HRIIERE

"k 10°/7.5°

] { 4R ok 7 R 4
STHEH R — ik

Closed bearing eyes (587)
Split bearing eyes (190)
Joints and length compensati-
on regreasable

Operating angle up to 5°

Shorter designs with large
length compensation

Length compensation through
the joint

High torque capacity with
small connection dimensions
Split bearing eyes with too-
thed bearing cap

Bearings with labyrinth seals
Operating angle up to 10%7,5°

® WVith or without length

compensation

@ Integrated bearing location

K FH 40 18 /Preferred application

EREE G5
FLERI

ity B EmIES =
R SEA LN E
ISR
—RA &

BRARSENZHR

® FLiNI

® RiHEEIRE

Railway vehicles
Rolling mill plants
Marine drives
Calender drives
Paper machines
General machinery
construction plants

Technical data (see Data sheets)

® Rolling mill plants

® Pump drives
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Directions for handling of data sheets

TH—ISEXKPANEEHE The following sheets give

T A =2 o a summary of the current

iﬁﬁgﬁ %}M AR standard range of products

A TRIRRIT. and some special designs.

o AR Standard designs

0.01 AR 4 7 B4 Cardan shaft with length
compensation, tubular
design
- 0.03 To i 4E 7 a % Cardan shaft without

length compensation,
tubular design

- 9.01 G R 4E T [ B Cardan shaft with length
9.02 compensation, short
) design
| 9.03
- 9.04 TG E L R Ak Cardan shaft without
length compensation,
double flange shaft design

% g Special designs
0.02 K AHRE T3 Ta) Bl Cardan shaft with large

length compensation,
tubular design

9.06 A {R4EFBAT R 5 [a i Cardan shaft with length
compensation, super short
design

BT AEH Intermediate shafts*
(FIIRIEE KR4 (available with intermedia-
Hh 8] 37 7GR ) te bearing on request)

¥ 0.04 AJ{FR 45 A 25 T3 Ta) Intermediate shaft with
length compensation

0.04 To B4 88 5 5 [ Hh Intermediate shaft without
length compensation

d 0.01 o ) 25 Midship shaft

|-|. e '£
S

x AR ERRERNS. * Data sheet and/or drawing on
request

10
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Application examples

HIHR AT AR

Pictures provided by kind permission of:

ACHENBACH BUSCHHUTTEN
Bohler Bleche GmbH
BOMBARDIER

BWG

Kranbau Kéthen GmbH

MAN TAKRAF

Rolls-Royce Oy Ab
SCHOTTEL

SMS Demag

SMS Meer

VAI

Vossloh Schienenfahrzeugtechnik GmbH

11
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Application examples
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687/688 =i Higx

&t 0.02 EEmygR 0.02 with length compensation, tubular design
Desian 0.03 EETLimER 0.03 W{thout length compensat/on, tubu/a( design
g 9.01 fhEgigR! 9.01 with length compensation, short design
9.03 fagEign 9.03 with length compensation, short design
9.04 7"1;@ YE5E 2 A 9.04 without length compensation, double flange shaft design
L

0.02

- wn ¥
[N [N
/|
|| eH —@_| | _eH RIS HHATRIAE. ’
B-HSHAEBYEHSENRELI TR,
6 F Lffé 8 ?Liﬁé Hole patterns not optional.
6-hole flange 8-hole flange Each cardan shaft size has a specific hole pattern.

0.03

9.04

14



Data sheets

6387/688

Shaft size 687/688.15 | 687/688.20 | 687/688.25 687/688.30 687/688.35 687/688.40
Tes kNm 2,4 3i5) 5 6,5 10 14
Torg kNm 0,7 1,0 1,6 1.9 29 44
L - 1,79x10™* | 539x10* | 1,79 x 10 2,59 x 10° 0,0128 0,0422
B <° 25 25 25 25 25 25 44 25 44
A mm 100 120 120 120 150 150 180 150 150 180 180
K mm 90 98 113 127 127 144 144 160 160 160 160
B +0717mm mm 84 101,5 101,56 101,5 130 130 i5585] 130 130 i5585] 55,5
C H7 mm 57 75 75 75 90 90 110 90 90 110 110
F) mm 2,5 2,5 2,5 2,5 3 8 3 3 3 3 3
G mm 7 8 8 8 10 10 12 10 10 12 12
H +02mm mm 8,25 10,25 10,25 10,25 12,25 12,1 14,1 12,1 12,1 14,1 14,1
?) - 6 8 8 8 8 8 8 8 8 8 8
M mm 48 54 70 72 78 95 90 102 102 102 102
S mm 63,5x 2,4 76,2 x 2,4 89x24 90 x 3 90 x 3 100 x 3 100 x 3 120 x 3 100 x 4,5 120x 3 100 x 4,5
W DIN 6480 mm 36x1,5 40x 1,56 45x 1,5 48 x 1,5 48 x 1,56 54 x 1,5 54 x 1,5 62 x 1,75
Tes = DHREMARIREEAE Tes = Functional limit torque* v
U5 2 A SRR Tes, Tl diread, e fange conmetion mdst 55 reinforced,
TUNRE = P o Tow = Reversing fatigue torque*
w = REESEE L. = Bearing capacity factor*
L = AREBEEHER o (see s;efiif/ianons 577‘ cardan srhafrs)
’ (mﬁﬁﬁlﬁ B) E’ubu/;a;af?s %tﬁﬂvvaerl’c?ezgiréggncmg plates have
B = G XUHERAMA lower fatigue torques Tpyy,
R IN IR (MR, 1) Effective spigot depth
ER AR Tow 2 BEK. 2)  Number of flange holes
1) BRUEMRE
2) EZERAK
KE, =8, BYE FHEFNE Length dimensions - weights -
moments of inertia - torsional stiffness
Design Shaft size 687/688.15 | 687/688.20 | 687/688.25 687/688.30 687/688.35 687/688.40
L, om | mm 346 379 458 492 504 582 572 586 693 586 693
0-02 L, mm 60 70 100 110 110 110 110 110 180 110 180
G kg 5,7 8,4 12,0 13 14,2 24,0 25,6 28,7 30,3 29,4 30,9
Gg kg 3,62 4,37 5,18 6,44 6,44 7,18 7,18 8,66 10,6 8,66 10,6
Jm kgm? 0,0043 0,0089 0,0144 0,0245 0,0245 0,043 0,0676 0,0706 0,0776 0,0806
Jmg kgm? 0,0034 0,0059 0,0096 0,0122 0,0122 0,0169 0,0169 0,0296 0,0242 0,0296 0,0242
C Nm/rad.| 0,26 x 10° | 0,42x10° | 0,71x10° | 0,78x10° | 0,78x10° | 1,18x 10° 217x10° | 1,61x10° | 2,17x10° | 1,61x10°
Cs Nm/rad.| 0,34x10° | 0,60x10° | 0,98x10° 1,25 x 10° 1,25 x 10° 1,72 x 10° 1,72 x10° | 3,02x10° | 2,47x10° | 3,02x10° | 2,47 x10°
Lt min mm 221 239 282 310 322 379 369 423 449 423 449
003 G kg 4,1 5,8 8,6 8,6 9,8 18,0 19,6 22,8 21,0 23,4 21,6
Jm kgm? 0,0038 0,0085 0,0129 0,0238 0,0238 0,04 0,066 0,0628 0,076 0,0728
© Nm/rad.| 0,44 x 10° 0,86 x 10° 1,44 x 10° 1,74 x 10° 1,74 x 10° 1,81 x 10° 3,35 x 10° 2,78 x 10° 3,35 x 10° 2,78 x 10°
Ly min mm 296 322 361 379 391 510 500 505 52.5) 505 525
9.01 Lan | mm 38 41 36 36 36 70 70 70 60 70 60
[S— mm 348 381 425 453 465 550 540 545 645 545 645
L max mm 90 100 100 110 110 110 110 110 180 110 180
Ly min mm 245 274 313 331 343 419 409 441 - 441 -
9.03 Lymn | mm 25 27 28 29 29 45 45 45 = 45 =
[p— mm 280 317 855 397 409 484 474 506 - 506 -
Lamax | MM 60 70 70 95 95 110 110 110 - 110 -
9 04 Lt min mm 192 216 240 288 312 380 360 408 408 408 408
Lmn = B/NMABEKE L, min = shortest possible compressed length
L, = S ta = Length compensation
imin = Shortest fixed length
Limn = B/NEEKE L, + L, = max. operating length
L+l = JFKIEKE G = Weight of shaft
G = FAMEER Gy = Weight per 1000 mm tube
. - Jm = Moment of inertia
Gr = &5 1000mm ERER Jmg = Moment of inertia per 1000 mm tube
Jm = {E@MEAE [ = Torsional stiffness of shaft without tube
JmR = 45 1000mm & @B Cy = Torsional stiffness per 1000 mm tube
C = LB R N
Ce = & 1000mm ERRIHARIE

IS



687/688 %7 Bigx

Zit 0.02 #EEMyEL 0.02 with length compensation, tubular design
Design 003 eI fmn 0.03 W{thout length compensation, tubu/a( design
901 fhEEiEH! 9.01 vv/_th length compensation, short deS/_gn
903 fhgEign 9.03 with length compensation, short design
9:0 4 7"1;@ f’féiﬂ*ﬁ 5 9.04 without length compensation, double flange shaft design
L

0.02

2A
aC
-
A
|
sW g/
|
2S
oK

22,50 3g°

/>

N
|~
<1>Q) <D<b z
/ /
L eH p/® °H BT TALIRIE.

B-HSHAEBYEHSENRELI TR,
8 }L/fé 10 # L/fé Hole patterns not optional.
8-hole flange 10-hole flange Each cardan shaft size has a specific hole pattern.

0.03

9.04

16



Data sheets

Shaft size

6387/688

687/688.45 687/688.55 687/688.65
T kNm 17 25 35
T kNm 5.1 7.3 1
L - 0,104 0,236 0,837
B $° 25 85 25 25 35 25 25 25
A mm 180 180 225 180 180 225 180 225
K mm 174 174 174 178 178 178 204 204
B +0717mm mm 5585 jI5585) 196 [I5585] {5585} 196 ji55ts 196
C H7 mm 110 110 140 110 110 140 110 140
F) mm 3 3 5 3 3 5 3 5
G mm 12 12 15 14 14 15 15 15
H +02mm mm 14,1 14,1 16,1 16,1 16,1 16,1 16,1 16,1
?) - 8 8 8 10 10 8 10 8
M mm 95 95 90 115 115 (e13) 110 110
S mm 120 x 4 110 x5 120 x 4 120 x 6 120 x 6 120 x 6 142 x 6 142 x 6
W DIN 5480 mm 68 x 1,756 78 x 2 88x25
= Thak) Tes = Functional limit torque*
Te :‘Ijj H? tﬁl*& l‘%ff i T If the permissible functional limit torque T is to be
?H%E$J§?JI§ AEPEAR FRHISE Tes, fully utilized, the flange connection must be reinforced.
TpnaRiE =R Tow = Reversing fatigue torque*
Tov = ﬁgﬁ%%gﬁ* L. = Bearing capacity factor*
Lo = RIFEENREH™ * (see specifications of cardan shafts)
* (i ,]IEE':EEE ) B = max. deflection angle per joint
Lﬁfﬂ# b EH:H Tubular shafts with welded-on balancing plates have
p = LB ERKREA lower fatigue torques Tpy,
ERERE A R R, ;) ﬁffecgve Sfp;'/gm dehpf/h
HRFSHBME Tow 2R RK. ) Number of flange holes
1) BRERARE
2) EEaEREIAH
KE, B8, BHE HANE Length dimensions - weights -
moments of inertia - torsional stiffness
Design Shaft size 687/688.45 687/688.55 687/688.65
L | mm 595 703 585 662 681 622 686 686
0-02 L, mm 110 180 110 110 110 110 110 110
G kg 35,7 38,4 37,7 44,0 49,2 47,0 60,6 64,6
Gy kg 11,44 12,95 11,44 16,86 16,86 16,86 20,12 20,12
Jm kgm? 0,1002 0,1242 0,1342 0,131 = 0,151 0,2224 0,2614
Jmg kgm? 0,0385 0,0357 0,0385 0,055 - 0,055 0,0932 0,0932
€ Nmy/rad. 3,10 x 10° 2,18 x 10° 3,10x 10° 4,05 x 10° - 4,05 x 10° 5,63 x 10° 5,63 x 10°
Cy Nm/rad. 3,93 x 10° 3,65 x 10° 3,93 x 10° 5,60 x 10° 5,60 x 10° 5,60 x 10° 9,50 x 10° 9,50 x 10°
[ mm 425 425 415 475 495 435 491 491
003 G kg 28,0 27,8 30 33,1 = 36,1 47,3 B3
Jm kgm? 0,0954 0,0976 0,1294 0,1176 - 0,1376 0,2032 0,2422
© Nm/rad. 4,82 x 10° 3,71 x 10° 4,82 x 10° 5,39 x 10° = 5,39 x 10° 7,17 x 10° 7,17 x 10°
[ mm 517 538 507 587 606 547 601 601
9.01 Lamn | mm 70 60 70 70 70 70 70 70
Lymex | MM 567 658 547 617 636 577 641 641
Lo | MM 110 180 110 100 100 100 110 110
Lz min mm 447 = 437 513 = 473 524 524
9.03 Lomin | mm 50 — 50 50 — 50 50 50
[~ mm 507 = 497 563 = 528 584 584
Lyme | MM 110 - 110 110 - 110 110 110
9.04 Limi mm 380 380 360 460 460 380 440 440
Lmn = B/NMBEGEKE L, mn = shortest possible compressed length
L = 1$ﬁ5 L, = Length compensation
a - wamsE Limn = shortest fixed length
Limn = S/NBEEKE L, + L, = max. operating length
L+ Lc = BRIEKE = Weight of shaft
= = Gy = Weight per 1000 mm tube
g _ Er?ggoii P Jm = Moment of inertia
R = mm EREE Jmg = Moment of inertia per 1000 mm tube
Jm = MEMIE C = Torsional stiffness of shaft without tube
Jmg = 1000mm & EL 1= 4R Cg = Torsional stiffness per 1000 mm tube

C = ZEFHMEHANE
Cry = 43 1000mm EEFIARIE
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587 =3

it
Design

0.01

587.55
587.60

0.02

587.50

——d

<N

001 EEMmypEn
002 EEAMAE
0.03 EEIigEE
201 fgErE A
9.02 fhygrEA
9.03 fpaRs

2.04 ZMEINEZE

iER

0.01 with length compensation, tubular design

0.02 with large length compensation, tubular design

0.03 without length compensation, tubular design

9.01 with length compensation, short design

9.02 with length compensation, short design

9.03 with length compensation, short design

9.04 without length compensation, double flange shaft design

M

s

iz

S
%

0.03

9.01
9.02
9.03

9.04

18

=
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R =

Standard flange connection

380
- %

L 76\0

8-hole flange

|

ﬁ
A—7
B

' J 1

fHETE R DIN 15451 fRife
Dowel pin connection according to DIN 15451

22,50

o ) 8 FLiE=
H :g S—ho/e/ flange

@




Data sheets

587

Shaft size 587.50 587.55 587.60
Tes kNm 43 52 57
Tow kNm 13 18 23
L - 1,84 7.6 24,8
B 4° 24 24 20 20 20 20
A mm 225 250 250 285 285 285
K mm 215 215 250 250 265 265
B +0717mm mm 196 218 218 245 245 245
Bs +0,7mm mm - 214 214 - 240 -
C H7 mm 140 140 140 175 175 175
F) mm 4,4 5,4 55 6,0 6,0 6,0
G mm 15 18 18 20 20 20
H +02mm mm 16,1 18,1 18,1 20,1 20,1 20,1
Hs H12 mm = 25 25 = 28 =
?) = 8 8 8 8 8 8
Is%) - - 4 4 - 4 -
M mm 108 108 125 125 135 135
S mm 144 x 7 144 x 7 168,8x 7,3 168,8 x 7,3 167,7 x 9,8 167,7 x 9,8
W  DIN 5480 mm 90x25 90 x 2,5 115x 2,5 1156x 2,5 1156 x 2,5 115x2,5
Tes = IHEEMEARPREESE * Tes = Functional limit torque*
= AT Y o If the permissible functional limit torque T
B RLENEA G WIIREMEARPRIESE Tes g 0 )
TR, LB S ’ is to be fully utilized, the flange connection for example
LR REEVAESESE FHEET. with dowel pins must be reinforced.
EEE;?%Eﬁi Tes 30% R Yield torque 30% over Tcs
Tow KL Tow = Reversing fatigue torque*
Le = REBEHNRE* L, = Bearing capacity factor*
* (7 sk g R R ) * (see specifications of cardan shafts)
- 5 = = . deflection angle per joint
B = SIETREAMS B = max deflect
A e 1) Effective spigot depth
1) Eél?%ﬂ RE ERII 2)  Number of flange holes (Standard flange connection)
2) RS E (Frfsk 2 ER) 3)  Number of flange holes (Dowel pin connection)
3) SRR R (HETIER)
2. = i 1 . 1 .
ki, B8, BIEE SHERE Length dimensions - weights -
moments of inertia - torsional stiffness
Design Shaft size 587.50 587.55 587.60
L, min mm - - 840 840 870
001 L, mm - - 100 100 100
G kg - - 118 123 132
Gg kg - - 29,1 29,1 38,2
Jm kgm? - - 0,657 0,737 0,950
Jmg kgm? - - 0,190 0,190 0,239
E Nm/rad. - - 8,7 x 10° 8,7 x 10° 9,6 x 10°
Cq Nm/rad. - - 19,4 x 10° 19,4 x 10° 24,3 x 10°
* L, min mm 800 800 960 960 990
002 [~ mm 110 110 200 200 200
G kg 86 91 155 160 170
Gg kg 23,7 23,7 29,1 29,1 38,2
Jm kgm? 0,325 0,361
Jmg kgm? 0,111 0,111 0,190 0,190 0,239
C Nm/rad. 5,29 x 10° 5,29 x 10°
Ca Nm/rad. 11,33 x 10° 11,33 x 10° 19,4 x 10° 19,4 x 10° 24,3 x 10°
L mm 540 540 610 610 640
0-03 G kg 72 77 88 93 103
Gg kg 23,7 23,7 29,1 29,1 38,2
Jm kgm? 0,270 0,306 0,547 0,627 0,84
Jmg kgm? 0,111 0,111 0,190 0,190 0,239
€ Nm/rad. 7.2 % 10° 7.2 x 10° 9,8 x 10° 9,8 x 10° 11,5 x 10°
©3 Nm/rad. 11,33 x 10° 11,33 x 10° 19,4 x 10° 19,4 x 10° 24,3 x 10°
Lz min mm = = 815 815 843
9-01 L, mm - - 100 100 100
G kg - - 110 115 142
Jm kgm? - - 0,64 0,72 0,93
© Nm/rad. — - 8,8 x 10° 8,8 x 10° 9,7 x 10°
L, mm - - 780 780 810
902 [ mm - - 65 65 70
G kg — - 108 113 125
[ mm 550 | 600 | 650 | 696 | 550 | 600 | 650 | 696 720 720 750
903 L, mm 60 [ 75 [ 90 (110 | 60 | 75 | 90 | 110 65 65 65
G kg 61 66 | 68 | 70 | 66 | 71 73 | 75 113 118 126
9 04 L mm 432 432 500 500 540
" G kg 58 68 81 91 110
L, min S MBERKE L,mn = Shortest possible compressed length
. = EE L, = Length compensation
- = o Limin = Shortest fixed length
tf VTL = ?iﬁ?% le+ L, = max. operating length
, T W NE -
é ‘= REHEE [c = wz;g:g g;rs?‘z)gO mm tube
G = §1000mm EKHR=E Jm = Moment of inertia
Jm = B4 Jmg = Moment of inertia per 1000 mm tube
Jme = & 1000mm SKLEME C = Tors{ona/ st/:ffness of shaft without tube
I = RESARTIINE Cy = Torsional stiffness per 1000 mm tube
Ce = £ 1000mm ZKHHHERIE * Larger length compensation on request
¥ EHREREAMAEE.
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390 =7

= KR F izt
jany 0.01
: 0.02
Design 003
9.01

9.02

9.03

9.04

eyl
EEAMA
EE R
fragra
fiikcperd
fragsan
TlRAERE=T

HiER

0.01 with length compensation, tubular design

0.02 with large length compensation, tubular design

0.03 without length compensation, tubular design

9.01 with length compensation, short design

9.02 with length compensation, short design

9.03 with length compensation, short design

9.04 without length compensation, double flange shaft design

0.01 B

zA
C

a\W

R =

Standard flange connection

’\Z )78°\°>
- o 1)
A
/ &

)

|23

/s

8 FLiE= 1042
8-hole flange 10-hole flange

fHETE R DIN 15451 fRif
Dowel pin connection according to DIN 15451

2250

N\ %
N

8 PR

d

8-hole flange

0.02

0.03

20

36‘0
m
~

/ﬁ\\%‘ o
v TE
2

b
\’?90 N %//\\ Y
| ;\ﬂj

F-HSHHEBEE

y )/Q?;X’: HHEIRIE T
@ EIRY S=RK
oH oH eH T oH = TNy

Each cardan shaft size
. has a specific holepattern
10 fLiE= (see table). Other hole
10-hole flange patterns on request.




Data sheets

390

max. bearing life

Shaft size 390.60 390.65 390.70 390.75 390.80
Tes kNm 60 90 130 190 255
Tow kNm 23 36 53 75 102
L - 24,8 70,2 238 618 1563
B 4° 15 15 15 15 15
A mm 285 315 350 390 435
K mm 240 265 300 330 370
B +01mm mm 245 280 310 345 385
Bs +0,7mm mm 240 270 300 340 378
C H7 mm 175 175 220 250 280
F) mm 6 6 7 7 9
G mm 20 22 25 28 32
H +02mm mm 20,1 221 22,1 24,1 271
Hs Hi12 mm 28 30 32 32 35
12) - 8 8 10 10 10
Is?) = 4 4 4 4 4
M mm 135 150 170 190 210
S mm 167,7 x9,8 218,2x 8,7 219x 13,3 273 x 11,6 273 x 19
W  DIN 5480 mm 115x 2,5 150 x 3 150 x 3 185 x5 185 x 5
Tes = THREMEARPREESE * Tes = Functional limit torque*
T AFRA AT AL AR BRISAE Tes, /f the perm/ss@/_e functional limit torque‘TCS
AN e, HLAE 44T is to be fully utilized, the f/angs connection for example
< with dowel pins must be reinforced.
BRI ST Tes 30% Yield torque 30% over Tcs
Tow = XEEFHE™ Tow = Reversing fatigue torque*
Le = FRFREHERH* L. = Bearing capacity factor*
© ULamssER) o 100 Speccatons of o st
[15) : ggé;ggkﬁ% ?) Effective spigot de%thp ! )
- 2)  Number of flange holes (Standard flange connection)
2) REamie A B REEZIER) 3)  Number of flange holes (Dowel pin connection)
3) AR (HETERE)
KE, E2, BB HENE Length dimensions - weights -
moments of inertia - torsional stiffness
Design Shaft size 390.60 390.65 390.70 390.75 390.80
L, min mm 870 980 1070 1210 1280
0-01 L, mm 100 135 135 170 170
G kg 138 216 276 405 490
Gg kg 38,2 45,0 67,5 74,8 119
Jm kgm? 1,04 1,61 2,51 4,20 8,20
Jmg kgm? 0,239 0,494 0,716 1,28 1,93
E Nm/rad. 1,0 x 10° 1,65 x 10° 2,43 x 10° 33 x10° 4,7 x 10°
Cq Nm/rad. 2,43 x 10° 5,04 x 10° 7,3 x10° 1,3 x 107 1,96 x 107
0 02* Ly min mm 990 1080 1170 1295 1365
. [~ mm 200 220 220 250 250
G kg 178 280 337 508 586
Gg kg 38,2 45,0 67,5 74,8 119
Lt min mm 640 710 800 890 960
003 G kg 109 &) 218 302 385
Gg kg 38,2 45,0 67,5 74,8 119
L, mm 843 953 1043 1175 1245
901 L mm 100 135 135 170 170
G kg 136 213 273 402 482
L, mm 810 890 980 1100 1170
9'02 La mm 70 75 75 95 95
G kg i85 198 261 375 456
L, mm 750 835 925 1030 1100
903 L, mm 65 75 75 85 85
G kg 135 202 264 371 453
L mm 540 600 680 760 840
904 G kg 108 146 210 284 380
L = S/MBR4EKE L, mn = shortest possible compressed length
Lo = fagEE o = Length compensat/'on
Limn = SUNBEEKE Lt min = shortest fixed length
LYl = BATHKE éz + L, = W)g. ﬁperanng length
2 T Ly = Weight of shaft
G = AEMRE Gy = Weight per 1000 mm tube
Gy = 1000mm EENRE Jm = Moment of inertia
mo- g e aee
JCmR ; ?%ﬁ%@gﬁfﬁ%ﬁﬁﬁ Cr = Torsional stiffness per 1000 mm tube
Ce = 15 1000mm BKHHEERIE * Larger length compensation on request

¥ OARERIBAFRE.
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392/393 =i

BEER R MRt

s

&t 001 IEEmygR 0.01 with length compensation, tubular design
Desian 0.02 AR 0.02 with large length compensation, tubular design
g 0.03 e xiagmm 0.03 without length compensation, tubular design
901 fagign 9.01 with length compensation, short design
9'02 1$;ﬁ¥§i” 9.02 with length compensation, short design
9'03 y $;ﬁ %ﬂ 9.03 with length compensation, short design
: “R A 9.04 without length compensation, double flange shaft design
9.04  FARGEN KL gt comp 9 g
L,
. M M
i 1 n | o
2 ol
ﬁﬁ AVANNY
<O {é@ . — : 0| ¥ -
Q| ® ' ; ] S
;;iz L -
| N | =

InE R =R

Flange connection with face key

/
o
oH oH

38 i
o _\/‘\
<22,5\>/ 300

8fliE= 10 #L3%=
8-hole flange 10-hole flange
L, |

0.02 ] |

==l

A - - E

IE%y ][5

- Lf
0.03 L ',

e @iz@ 1‘| - iHH®)

22

10° 50,
%
A
M g—AE KNS

| HEFER IR

HAit g 7L 9 .

- Each cardan shaft size has a specific
16 }Lf}j: holepattern (see table).
16-hole flange Other hole patterns on request.




Data sheets

392/393

high torque capacity

Shaft size 392.50 392.55 392.60 392.65 392.70 393.75 393.80 393.85 393.90
Tes kNm 70 105 150 215 295 390 580 750 1150
Tow kNm 23 36 53 75 102 140 220 285 435
L - 7.6 25,2 82,6 261 684 1700 7070 15600 62600
B $° 15 15 15 15 15 10 10 10 10
A mm 225 250 285 315 350 390 435 480 550
K mm 225 250 285 315 350 390 435 480 550
B mm 196 218 245 280 310 345 385 425 492
C H7 mm 105 105 125 130 155 170 190 205 250
F) mm 4,5 5 6 7 7 8 10 12 12
G mm 20 25 27 32 85 40 42 47 50
H mm 17 19 21 23 23 25 28 31 31
12) = 8 8 8 10 10 10 16 16 16
M mm 145 165 180 205 225 205 235 265 290
S mm 167,7 x 9,8 218,2x8,7 219x 13,3 273 x 11,6 273 x 19 273 x 36 323,9 x 36 355,6 x 40 406,4 x 45
X e9 mm 32 40 40 40 50 70 80 90 100
Y mm 9 12,5 15 15 16 18 20 22,5 22,5
W  DIN 5480 mm 115x2,6 150 x 3 150 x 3 185 x 5 185 x 5 185 x5 210x5 210x5 240 x5
Tes = ThEEMEARPREEE * Tes = Functional limit torque*
o Yield torque 30% over Tcs
[BRRAEIER T Tcs30% Tow = Reversing fatigue torque*
Tow = RBEFHE" L. = Bearing capacity factor*
le' - RgEnan- o o e o e of
B (W..Efﬂj\_ﬂ E,gffﬁﬁﬁﬁﬂ%] E) Effective spigot de%thp !
B = FPNETHRAME 2)  Number of flange holes
1) AMEORE
2) R AR EE
KE, E2, BHE, RENE Length dimensions - weights -
moments of inertia - torsional stiffness
Design Shaft size 392.50 392.55 392.60 392.65 392.70 393.75 393.80 393.85 393.90
[ mm 890 1010 1090 1240 1310 1430 1620 1820 2035
001 L, mm 100 135 135 170 170 170 170 190 210
G kg 129 214 272 406 493 732 1055 1468 2209
Gg kg 38,2 45 67,5 74,8 119 210,4 255,6 311,3 401,1
Jm kgm? 1,02 1,43 2,23 3,80 6,5 11,72 17,84 25,21 40,76
Jmg kgm? 0,239 0,494 0,716 1,28 1,93 3,02 5,38 7.87 13,3
€ Nm/rad. 9,5 x 10° 1,42 x 10° 2,36 x 10° 3,1 x 10° 4,4 x 10° 5,19 x 10° 7,86 x 10° 9,44 x 10° 1,43 x 107
Cy Nm/rad. 2,43 x 10° 5,06 x 10° 7.3 x 10° 1,3 x 107 1,96 x 107 3,08 x 107 5,48 x 10’ 8,03 x 107 1,36 x 10°
0.02* [H— mm 1010 1110 1190 1325 1395 1570 1780 1975 2190
0 L mm 200 220 220 250 250 310 330 345 365
G kg 171 275 331 Bl 603 796 1158 1589 2367
Gg kg 38,2 45 67,5 74,8 119 210,4 255,6 311,3 401,1
Lt min mm 660 740 820 920 990 977 1110 1240 1380
003 G kg 101 156 215 301 389 538 748 1052 1600
Gy kg 38,2 45 67,5 74,8 119 210,4 255,6 311.3 4011
L, mm 863 983 1063 1205 1275 1363 1550 1750 jE55]
901 [ mm 100 135 135 170 170 170 170 190 210
G kg 130 210 269 402 487 718 1037 1446 2177
L, mm 830 920 1000 1130 1200 1300 1400 1630 1770
902 L, mm 70 75 75 95 95 90 90 100 100
G kg 124 204 263 &9 466 641 876 1171 1717
L, mm 770 865 945 1060 1130 1200 1300 1520 1680
903 L, mm 65 75 75 85 85 70 70 80 80
G kg 123 197 260 371 457 602 832 1116 1657
L¢ mm 580 660 720 820 900 820 940 1060 1160
904 G kg 94 145 207 288 il 485 653 922 1443
Lwn = S/MEGKE Lymn = shortest possible compressed length
Lo = fRfEE . = Length compensation
= L Limin = shortest fixed length
Limn = K'J\@E'{KE L, + L, = max. operating length
L+l, = JALIEKE G = Weight of shaft
G = HaHRE Gr = Weight per 1000 mm tube
Gq = 43 1000mm EKHNEE Jm = Moment of inertia
Jm = RS Jmg = Moment of inertia per 1000 mm tube
me = 5 1000mm BT €, o Jomonasuness ofshan ot 000
¢ = EESHHNE * Larger length compensation on request
Cy = 1000mm EKMHIARIE

¥ AERBRRIEKHEE.
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£ 3RS
BREAERBAE NI |

&t 0.01 & {hysm 0.01 with length compensation, tubular design
Desi 0.03 iEEF ik 0.03 without length compensation, tubular design
esign 9,01 {HgEmE 9.01 with length compensation, short design
9:02 1$:ﬁ%§il 9.02 with length compensation, short design

9.03 with length compensation, short design

9.03  {hEfa A 9.04 without length compensation, double flange shaft design

9.04  LIRGEXE=R

L,
) M M
G
\ \ A ]
\v4 ]
NN N
< L _
) 9 %
=
Q
| . [
FHT(Hirth) im 5 7% =&
Flange connection with Hirth-serration
) 22 °
30 .5
_/\ S
® ' © '
& RN
| | B—HSHHEMRYE
> HiSERER T

r AEHE LR,

HATURIRE KR A
zH oH HAitigie Lo,

Each cardan shaft size has a specific
holepattern (see table).

12 }Lf}jé 16 }L/jzié Other hole patterns on request.

12-hole flange 16-hole flange
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Data sheets

max. torque capacity

Shaft size 492.60 492.65 492.70 492.75 492.80 492.85 492.90
m
Tes kN 210 245 340 440 410 650 580 850 770 1300 1170
Tow kNm 100 115 160 210 190 280 250 400 360 600 540
L - 93 332 860 2060 7390 17400 61200
B 4° 7 7 7 10 | 15 10 [ 15 10 [ 15 10 [ 15
A mm 285 Blls 350 390 435 480 550
K mm 285 &5 350 390 435 480 550
B mm 255 280 315 350 395 445 510
G mm &5 &5 40 45 50 15 65
H mm 15 17 17 i1© 19 21 23
") = 10 10 12 12 16 16 16
M mm 200 220 240 260 280 300 330
S mm 244,5x 22,2 2445 x 28 273 x 30 323,9 x 36 355,6 x 40 406,4 x 40 457 x 50
W DIN 5480 mm 185 x5 185 x5 210x5 210x5 210x5 240 x5 290 x 8
Tes = ThEEMEMRIREESE * Tes = Functional limit torque*
=1 3 Yield torque 30% over Tes
,t:'ﬁﬁﬁfff?ﬁf:]: cs: 0% Tow = Reversing fatigue torque*
Tow = REESHEE" L. = Bearing capacity factor*
le = ABEEIZRH* * (see spec/f/cgt/ons of cardan shafts)
* (075 [y F 3 AR ) B = max. deflection angle per joint
il 1) Number of flange holes
B = BPXUMEKEA
1) R FLEE
2. = 1 1 . [ .
ki, BB, BEE RENE Length dimensions - weights -
moments of inertia - torsional stiffness
Design Shaft size 92.60 492.65 492.70 492.75 492.80 492.85 492.90
L, min mm 1440 1520 1680 1750 1900 2130 2415
0-01 [ mm 135 135 150 170 170 190 210
G kg 472 568 788 1025 1355 1873 2750
Gg kg 121 149 180 255,6 311,3 361,4 501,94
Jm kgm? 4,16 5,16 7,73 15 30,7 50,4 92,7
Jmg kgm? 1,62 1,78 2,69 5,38 7,88 12,28 211
© Nm/rad. 3,32 x 10° 4,31 x 10° 5,97 x 10° 6,76 x 10° 9,7 x 10° 13,64 x 10° 19,44 x 10°
Cq Nm/rad. 1,65 x 107 1,82 x 107 2,75 x 107 5,48 x 10’ 8,03 x 10’ 12,51 x 107 21,5 x 10’
Lt min mm 940 1020 1130 1220 1320 1450 1620
003 G kg 311 407 557 819 1040 1330 1880
Gg kg 121 149 180 198,9 311,3 361,4 501,9
L, mm 1380 1460 1620 1700 1840 2050 2340
901 [ mm 135 135 150 170 170 190 210
G kg 465 559 777 1010 1340 1850 2710
9 04 L mm 800 880 980 1040 1120 1200 1320
" G kg 286 374 514 780 1000 1300 1830
Lwn = B/INBGEKE L, min = shortest possible compressed length
L = S s = Length compensation
a E‘ﬁEH L, Limin = shortest fixed length
Lmn = BNEEKE L, + L, = max. operating length
L+l = BRIEKE G = Weight of shaft
G = FAES SER i KﬂVergm per 1000 mm tube
_ U m = Moment of inertia
Gy = 5 1000mm EREE Jmg = Moment of inertia per 1000 mm tube
Jm = (B C = Torsional stiffness of shaft without tube
Jmy = 5 1000mm SERE 5 Cr = Torsional stiffness per 1000 mm tube

C = REHERHNE
Ce = 5 1000mm # B &

0.02, 9.02, 9.03 BT E (/L)
Al AP ER TR,

Length dimensions (L,/L,) of the designs

0.02 - 9.02 - 9.03 on request
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498 =i

HiER

%t 0.01 JEEHmgEH 0.01 with length compensation, tubular design
Desi 0.03 E&ILihgme 0.03 without length compensation, tubular design
esign 9.04 FlhENEER 9.04 without length compensation, double flange shaft design
L,
) M M M M
G
‘ \
< } | W
[N v | N | - - J -
] !
FE(Hirth) imE 5 =%
Flange connection with Hirth-serration
18° 15°
i o
\
\ol /j q;% %
¢
\ e [ e~
B /ga B-HEHHEMSE
iSRRI T
SR WER).
oH oH WA URIEE KR
HAitigie Lo,
Each cardan shaft size has a specific
20 7 L)fé 24 L/ﬁé holepattern (see table).

0.03

9.04

26

20-hole flange

24-hole flange

Other hole patterns on request.




Data sheets

Shaft size

498

498.00 498.05 498.10 498.15
Tes kNm 1880 1620 1430 2340 2080 1750 3000 2600 2200 3640 3100 2700
Tow kNm 900 780 680 1120 1000 840 1430 1250 1050 1750 1500 1300
L - 0,115 0,144 0,154 0,224 0,322 0,343 0,530 0,684 0,720 1,09 1,35 1,43
x 10° x 10° x 108 x 10° x 10° x 10° x 10° x 108 x 10° x 10° x 10° x 10°
B $° 5 10 15 5 10 15 5) 10 15 5 10 15
A mm 600 650 700 750
K mm 600 650 700 750
B mm 555 605 655 695
G mm 75 80 90 S5
H mm 26 26 26 32
1" - 20 20 24 24
M mm 370 370 390 390 390 410 420 420 440 460 460 480
Shaft size 498.20 498.25 498.30 498.35
Tes kNm 4420 3800 3300 5300 4500 4050 6300 5400 4700 7400 6500 5600
Tow kNm 2120 1850 1600 2550 2200 1950 3050 2650 2250 3500 3100 2700
L. = 1,69 2,14 2,55 3,26 4,01 4,681 7,05 7,86 8,29 9,71 10,7 14,24
x 108 x 10° x 10° x 10° x 108 x 10° x 10° x 108 x 10° x 10° x 108 x 10°
B $° 5 10 15 5 10 15 5 10 15 5 10 15
A mm 800 850 900 950
K mm 800 850 900 950
B mm 745 785 835 885
G mm 100 105 110 120
H mm 32 38 38 38
1" = 24 24 24 24
M mm 480 480 500 530 530 555 555 555 580 580 580 610
Shaft size 498.40 498.45 498.50 498.55 498.60
Tes kNm 8700 7500 6500 10000 8700 7500 11500 10000 8600 13200 11400 9900 15000 13000 11200
Tow kNm 4200 3600 3100 4800 4200 3600 5500 4800 4100 6300 5500 4700 7200 6200 5400
L. - 16,1 17,4 23,78 24,4 28,71 38,73 36,4 42,63 61,67 56,3 70,8 96,19 89,9 102 147,2
x 108 x 108 x 108 x 10° x 10° x 10° x 10° x 108 x 108 x 108 x 108 x 108 x 10° x 10° x 10°
B q° 5 10 15 &) 10 15 5 10 15 5 10 15 &) 10 15
A mm 1000 1050 1100 1150 1200
K mm 1000 1050 1100 1150 1200
B mm 25 975 1025 1065 1115
G mm 125 130 135 140 150
H mm 44 44 44 50 50
1" = 20 20 20 20 20
M mm 625 625 655 645 645 675 670 670 700 715 715 745 740 740 775
Tes = DhBEMERFREESE * T¢s = Functional limit torque*
. 7 Yield torque 30% over Tes
[BBRFEER T Tes30% Tow = Reversing fatigue torque*
Tow = RTEFHEE" L. = Bearing capacity factor*
P ot B mox. sefecion angle poriont
B _ (é@/?j fﬁif’ﬁﬂi’?ﬁ’;ﬂ%ﬂﬁg ) [13) Number of flange go/ei !

1) EEBRRILEE

0.01, 0.03, 9.04 gyt E (L/Li/Ls)
Al AP EKRHITAE,

Length dimensions (L,/L;/L,) of the designs
0.01-0.03 - 9.04 on request
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587/190 %7 Higk

BERET
it 9.06 A4 ERRRALTT AV 9.06 Cardan shaft with length compensation,
Design super short design
9.06 Z %1 / Series 587
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Data sheets

587/190

Super short designs
Shaft size 587.50 190.55 190.60 190.65 190.70
Tes kNm 23 33 48 68 94
Tow kNm 85 1 21 25 36
L, - 1,84 7,0 58,6 166 510
B ¥° 5 5 5 5 5
A mm 275 305 348 360 405
K mm 215 250 285 315 350
B +07mm mm 248 275 314 328 370
C H7 mm 140 140 175 175 220
F) mm 4,5 9,5 6,5 6 6,5
G mm 15 15 18 18 22
H +02mm mm 141 16,1 18,1 18,1 20,1
12) - 10 10 10 10 10
M mm 68 80 90 100 108
W DIN 5482/5480 | mm 90 x 2,5 100 x 94 100 x 94 130 x 3 150 x 3
Tes = ThREEMEARFREESE * T(_;s = Functiogal limit torque*
FBIRFEIER T Tes30% ':'/:,\l,d ;oﬂuzfs%:g(}ﬁl{g{f: torque*
Tow = RTEFHE" L. = Bearing capacity factor*
Le = FEEHBEHRE* * (see sdpefz/:/f/c@r/ons o/f cardan shafts)
* [mﬁﬁ%ﬁ@ﬁmiﬂ.ﬁﬁﬁ) B = max. Jeflection angle per joint
o - X 2 Number of Tonge holes
X RIE
2) AR E
KE RE MRitE Length dimensions - weights -
moments of inertia
Design Shaft size 587.50 190.55 190.60 190.65 190.70
9.06 L, mm 415 495 545 600 638
’ L, mm 40 40 40 40 55
G kg 60 98 120 169 256
Jm kgm? 0,33 0,624 1,179 2,286 3,785
L, = B/NBRKE L, = shortest compressed length
L = R L, = Length compensation
L+lo= BATHKE & Weanoramat "
G = REMRE Jm = Moment of inertia
Jmo= MR
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330 =i

wit . AETEEEIR T E A F SR s
DeS/gn with spiral serration for higher speeds
G Fy

B

FI-T- 287/587/687 &5
EE 392 F75

Connection 287/587

[ 12795 %5 K
/ T3 B R R

/ For hole distribution see
S data sheets of the
corresponding cardan shaft

HH XA E#ERN

Connection 392

687/688 with face key
Coupling size 330.10 | 330.20 330.30 330.40 330.50 330.55
. 687/688.15 687/688.25 | 687/688.30 | 687/688.40 687/688.55

Shaft connection 28710 687/688.20 687/688.35 | 687/688.40 | 687/688.45 687/688.45 687/683.65 587.50 | 392.50 | 587.55 | 392.55

Model Nr. 000 003 003 003 000 001 000 001
A mm 100 130 150 180 225 225 250 250
B mm 84 101,5 130 1655 5 196 196 218 218
Cch) mm 57 75 90 110 140 105 140 105
C) | mm 57 75 90 110 140 105 140 105
D?) mm 20 38 40 40 45 45 45 45
F mm 2,5 2,5 36 4 5 5 6 6
Fk mm 2,3-02 2,3-0,15 2,3-02 2,3-015 402 402 502 50,2
G mm 76 100 100 112 144 144 148 162
%) - 6 8 8 8 8 8 8 8
K4) = M8x 18 [M 10 x 22 M 12 x 25 M 14 x 28 M 16 x 35 M 16 x 40|M 18 x 40|M 18 x 45
L10) mm 10 11 14 20 18 18 21 21
G2 |kg 4,7 7.5 10,6 16,4 34 36 40 49

Ta Nut Nm 35 69 120 190 295 295 405 405

Extension ®) Nr. 2365/13 M| 2365/17 M 2365/19 M 22 M 24 R 24 R 27 R 27 R

Ta Spindle Nm 30 45 80 100 190 190 220 220

Socket wrench ) Nr. 2" D19 SW 13 2" D19 SW 17 /2" D19 SW 22

B {EE T Operating instructions

B SR i 1 S iR Engaging and disengaging the coupling

EEE SIRE RS BRANEAT R TEY  BRATAL T PR S AR,
UM EETREENARAEFRTRASERE. (%K)

T =
1. FRERIRRESL, HEAUNTEWE.
2. REFEASIARE. BAF T DURIRNN ST £ 5 12 K E
3. XTBERENSE TR,

ER5 IR !
T ERA REREELNER, FENABHERE— .
BXAHBRATHRAT Ry SR A EL Bt Y T SRIR A MoS, 28558

30

The engaging and disengaging is done by operating the threaded
spindle located in the inner part of the coupling. The spindle can be
reached from two sides and be operated. The spindle is tightened by
means of a socket wrench (see table).

Attention:

1. Before engaging the coupling make sure that the coupling teeth are
properly fitted.

2. The engagement direction is marked by arrows. The spindle may be
tightened either clockwise or anti-clockwise.

3. The joint with the coupling component falls back when disengaged.
Danger of injury!

In case of a subsequent installation of the quick release coupling the

cardan shaft must be correspondingly shorter. The threaded spindles

of the coupling are lubricated by the supplier with MoS,. We recom-
mend relubricating from time to time.



Data sheets

z351 230

Quick release couplings

it AR IR PSR AT 1000r/min,
Des/gn with trapezoidal serration for speeds up to 1000 rom
G Fe
L SW
¥
in'ﬂ_} I — = *r)jﬂ:n =
—— B W%
| F F’[ \
| Q
g9 9 ! C_ 1| ] K| A _
| 5 ! T s ths iR
| B EICTTOE €
|
| \ / For hole distribution see
1 data sheets of the
! bﬂ \\ _ - corresponding cardan shaft
I
- |
AT 390 R AT RAmEREERN
D MfE 392/393 E5
Connection 390 Connection 392/393
with face key
Coupling size 230.60 230.65 230.70 230.75 230.80
|Shaft connection 390.60 392.60 390.65 392.65 390.70 392.70 390.75 393.75 390.80 393.80 |
Model Nr. 000 001 000 001 000 001 000 001 000 001
A mm 285 285 315 315 350 350 390 390 435 435
B mm 245 245 280 280 310 310 345 345 385 385
) mm 175 125 175 130 220 155 250 170 280 190
GJ) mm 175 125 175 130 220 155 250 170 280 190
D?) mm 64 64 66 66 72 72 82 82 92 92
F mm 7 7 7 8 8 8 8 8 10 10
Fk mm 6-0,2 6-05 6-0.2 7-05 7-03 7-05 7-02 7-05 905 9-05
G mm 160 174 172 192 184 204 196 220 226 246
%) - 8 8 8 10 10 10 10 10 10 16
K#) - M 20 x 55|M 20 x 55[M 22 x 50|M 22 x 60|M 22 x 50| M 22 x 60(M 24 x 55|[M 24 x 70({M 27 x 65|M 27 x 75
LT®) mm 23 23 25 25 25 25 27 27 30 30
G2 |kg 66 71 83 55 110 120 143 150 210 230
Ta Nut Nm 580 580 780 780 780 780 1000 1000 1500 1500
Extension %) Nr. 30R 30 R 32 R 32 R 32 R 32 R 36 R 36 R 41 R 41 R
Ta Spindle Nm 290 290 400 400 550 550 630 680 950°) 9509)
Socket wrench ) Nr. 34" D 32 SW 22 /2" D 32 SW 27 8/4" D 32 SW 27 S/a" D 32 SW 32 32" D 32 SW 36
X = 4 spanners €) Nr. TD 750
1. 1tO C /& H7 1. Sp/'gor f/?H7
2. IR SRR A B 2 " ceparsion of th couplng. IR HIERDIETE
3. i ABMEAZNBEREE 3. Number of stud bolts per flange Type from to
4. BIEEER (K 4. Dimensions of the bolt connections
#2453 DIN 938 Stud bolt DIN 938 756 B 20 Nm 100 Nm
BHA AR )y DIN 980 5. Sow or i oxtersion n accordance 756 C 80 Nm 300 Nm
5. 3% GWB NA2. 54 R TN with GWB standard N 4.2.5 756 D 280 Nm 760 Nm

IR ER S
. FREEENEATH Gedore
EFIRF
. B A Rahsol
. HRE X =4 (TD 750)
. AHEHERTF 756C =238 Nm
10.L AIBEUREE
11.Ce 4 hé = 390 7
392/393 REE A H I8
12.Gy ABGESEE
Ta Joik=igde s 5 U B E B
RIEATNITENIE

o~

SO0 00N

(o2}

0~

©

10.
11.

12.

Ta

. Gedore socket spanner set

for tightening the spindle
Rahsol torquemeter

. Force multiplier spanner

x =4 (TD 750)

Adjusting moment of the torque

wrench 756 C = 238 Nm

Thread depth

Fit h6 up to series 390

Fit 18 for series 392/393

G, = Weight of coupling

= Tightening torques of flange
boltings and of the threaded
coupling-spindles

ML ERER T 1000r/min Y,
BES A LI ITEL &

NEPEXR, AJRHEERE
B9

For applications with speeds
higher than 1000 rom please
contact our engineers.

Other designs on request.
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+FiE (ZAEFEMEF) HiE®
Journal cross assemblies (Unit packs)

%t ‘ 7.06 TFHIBA ) T A B
Design 7.06 Journal cross, complete Shaft size (mm] (mm]
473.10 15 41
473.20 19 49,2
473.30 22 59
287.00 26 69,8
287.10 30 81,8
287.20 35 96,8
' 587.10 35 96,8
] 587.15 42 104,5
4 N 587.20 48 116,5
- %\& - - g 587.30 52 133
Y 587.35/36 57 144
\ 587.42 57 152,06
587.48 65 172
587.50 72 185
587.55 74 217
587.60 83 231,4
687/688.15 27,0 74,5
B 687/688.20 30,2 81,8
687/688.25 34,9 92,0
687/688.30 34,9 106,4
687/688.35 42,0 119,4
687/688.40 47,6 135,17
687/688.45 52,0 147,2
687/688.55 57,0 152,0
687/688.65 65,0 172,0
Shaft size IA B B1
[mm] [mm] [mm]
190.50 65 220 143
PR u 190.55 74 244 154
) 190.60 83 280 175
_ % | L« 190.65 95 308 190
8 190.70 110 340 210
’ 190.75 120 379 235
— L 190.80 130 425 262
390.60 83 235,8 129
390.65 95 258,8 139
390.70 110 293,4 160
390.75 120 325,2 176
390.80 130 363,2 196
B, 392.50* 74 222 129
392.55* 83 246 139
B 392.60* 95 279,6 160
392.65* 110 309,6 176
i 4 R AR AR Jouma/ cross assemb//’es are only 392.70* 120 3434 196
Bi mRmEGE,  SpesoTEEme R es76T | 130 | B4 | 2%
1T B IE T B3RS R < 5k if known, the drawing no. of the 393.80* 154 430 250
ZIRAAMNES. complete cardan shaft. 393.85* 170 464 276
TR RIDRL R sesermbles: 1566 metalston and 393.90* 195 530 315
SHH—=. maintenance)
* The dimensions of the journal BERASHEY 398 (2 ), UItr_a heavy d_uty ur.1it pack sets
¥ 392/393 T FHB LN cross assemblies 392/393 are 492 710 498 Z 5| ATt k. Series 398 (discontinued), 492
R~ 5292468 equal to 292. and 498 available on request
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Data sheets i H o 7k =
Flange connection with serration

zD

zD

FH(Hirth) ST o5 b - . B i
Hirth-serration imml | [mmi [mmi
® SN 40° 225 180 48 200 8xM12
0 REfEHK 250 200 48 225 8x M 14
o SEHE 285 225 60 255 10x M 14
o BEED 315 250 60 280 10 x M 16
® flank angle 40° 350 280 72 315 12 x M 16
® high tragsmission capacity 390 315 72 350 12xM18
® form locking 435 345 96 395 16 x M 18
® self-centring 480 370 96 445 16 x M 20
550 440 96 510 16 x M 22
600 480 120 555 20 x M 24
. ] 650 520 120 605 20 x M 24
- \“\\-\vg‘;“\" W 1 700 570 120 655 24 x M 24
- P @‘t&\\\\\\\\\\\\\\m‘llllf'/’/l/lfl/l///////}%h 750 | 610 | 144 | 695 24 x M 30
QD "/////% 800 650 144 745 24 x M 30
850 680 144 785 24 x M 36
- 900 710 144 835 24 x M 36
S 950 760 144 885 24 x M 36
i 1000 800 180 925 20x M 42 x 3
1050 840 180 975 20x M 42 x 3
1100 880 180 1025 20x M 42 x 3
1150 925 180 1065 20x M 48 x 3
1200 960 180 1115 20x M 48 x 3
S2 ki U4 (Klingelnberg) i b p : B :
Klingelnberg-serration mml | [mm [mm]
® HREN 25° 95 65 16 84 4xM 8
0 EHBEHK 115 80 24 101,5 4 xM10
o NEYE 145 110 24 130 4xM12
o BEIEL 175 140 32 155,5 4xM 16
® flank anale 25° 215 175 48 196 4xM16
® high tragsm/ssion capacity 240 195 48 218 4xM18
® form locking 275 220 48 245 4 x M 20
® self-centring 305 245 48 280 4xM 20
340 280 72 310 4 x M 22
380 315 72 345 6 x M 24
425 355 96 385 6 x M 27
465 390 96 425 8 x M 30
— 535 455 96 492 8 x M 30
D = 4z D = Outside diameter
d = A d = Inside diameter
7 = 4% z = Number of teeth
hel B - *ﬁﬁé IB z I@éﬁbﬂf?ﬂedtesrize of bolts
S| | gﬁzﬁm@%ﬁ %gﬁ%ﬁ' Bolt material: 10.9
R * Reduced number of bolts
Y REENSIREAS by special arrangement only
RIpERE Y e =] (e.g., for use as quick-
(dn, ATRETIRRL) change system)
EEA R AL E A Other diameters on request

WHEEERES

S



687/688/587/390 HI4Fok ik =ik &
Face key connection 687/688/587/390

BNEATLURARER, AFnmEEEn
687/688/587/390 &FIHIT7 B3

We manufacture the cardan shaft series 687/688/587/390
also with face key connection on request.

Cardan shaft connection

Shaft size %rﬁ 12) x H) ereng mYm
o oaa a0 150 8x 13 20 4,0
687/688.45 25 45
687/688.55 180 8x15 25 45
687/688.65 32 5,5

587.50 225 8x17 32 5,5
587.55 250 8x 19 40 7,0
587.60 285 8 x 21 45 8,0
390.60 285 8 x 21 45 8,0
390.65 315 8x23 45 8,0
390.70 350 10 x 23 50 9,0
390.75 390 10 x 25 50 9,0
390.80 435 10 x 28 63 12,0

1. AZ+02mm (X4F 390.75 Fn

390.80 AZH +0.5mm)
2. EZBRIEE

34

1. Tolerance + 0,2 mm (for 390.75
and 390.80 Tolerance + 0,5 mm)

2. Number of flange holes




A

Data sheets EZHE
Standard companion flanges

KA1z PEk, fhEtef BT AL s maiEsE We manufacture standard companion flanges with cylin-
SR EhE (1R C45; FEA 750 - 900 N/mm2). drical bore holes and face keyway (material C45; harde-

TSR R BT . 212 Sk F R A ned and tempered 750 — 900 N/mm?) on request. For
IR EER, BEEPA. RERAEAREMRN designs deviating from the standard, e.g. oil pressure

k_:l; N WAL 7|<\ ~ = j:t A A ; : i :

%, IBARNERFHRHAGRHEL. connection, conical bore, flat journal and material we
would ask you to send us an inquiry and the relevant
drawings.

! i
N — — H QO
[N L1 [N
[ ] ]é | |
{ "i 4>‘
T L
Q
. N E BT iE AR
Cardan shaft connection Dimension . i
Please state with your order:
‘ DA & Dinax
Shaft size . 12) x H") s L FAS
Shaft size =
687/688.15
687/688.20 e S e S Em
prAg— l
687/688.15 Flange dia. = mm
687/688.20
687/688.25 120 8x 10,1 84 T
687/688.30 I x H = Lumber of holes XO __ mm
687/688.25
687/688.30 _
687/688.35 150 8x12,1 110,3 L = mm
687/688.40
687/688.35 L, = mm
687/688.40 8x 14,1
687/688.45 - -
687/688.55 0% 161 ’ z = mm
687/688.65 !
687/688.45 D = mm
687/688.55
687/683.65 225 8x 16,1 171
587.50 d = mm
587.50
250 8x 18,1 189
587.65 u = mm
587.60
390.60 285 8 x 20,1 213
390.65 315 8x 22,1 247 v = mm
390.70 350 10 x 22,1 277
390.75 390 10 x 24,1 308
390.80 435 10 x 27,1 342
/N . 1. Tolerance + 0,2 mm (for 390.75
I 3L\90§g(()) i;n;j(i—jg: 5?%;5 # ags 555‘85 To/e;:ane i 0,5 mm)

2. Number of flange holes

2. ERZBeAKE
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oz FHSE 1

VOSSLOH

G 2000
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Application examples
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Application examples
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687/688/587 =i Bt

T EEFTEY Main components of the cardan shafts
1. E=XEk 1. Flange yoke

2. +FHEK 2. Journal cross assembly

3. HENL 3. Tube yoke

4. EE 4. Tube

S. RE 5. Sliding muff

6. BRI L 6. Yoke shaft

7. BE 7. Cover tube assembly

40



Design features

%5 390/392/393

T EEFT T

390 FIIMEE RSk (FFRIER)
392/393 FFIMEER 3k (RERIER)
AL

RN 3

7 gt

B
BAEN L
T
B

o]

NOo oW =~

Main components of the cardan shafts

1. Flange yoke for series 390 (friction connection)
1a. Flange yoke for series 392/393

(face key connection)

Journal cross assembly

Tube yoke

Tube

Tube yoke with sliding muff

Slip stub shaft

Cover tube assembly

N AWON

41
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ARXTHIZE s R

1.X %

ENMFEIET, TEADENE—MEHRLLEST 1 mk
A R L b A B R == () SR Y 22 8 AR s o I M SR T
R AT 2 k.

1
Qy = arc tan (—— - tan oy
¢

osp
B=xTAm («°) B = Deflection angle
of joint [¢ 9]

NIH, o, BTN 2 B B A
TEERTE5EMNFRNIEEIE L.
EdMrREE o, MEDZ% o, ()
FTNHM RN B R Rz 5fER.

Kinematics of Hooke’s joints

1. The joints

In the theory of mechanics the cardan joint or Hooke's
joint is defined as a spatial or spherical drive unit with a
non-uniform gear ratio or transmission. The transmission
behaviour of this joint is described by the equation.

In this equation «, is the momentary rotation angle of
the driven shaft 2. The motion behaviour of the driving
and the driven ends is shown in the following diagram.
The asynchronous and/or non-homokinematic running of
the shaft 2 is shown in the periodical oscillation of the
asynchronous line a, round the synchronous line a4
(dotted line).

2%

9

K

27
o
AT:ﬁf
3
P T
T
I
2
7
Z
/A
o 2

NEEHHNASEHTENITEREAEQ, MitERE
Z2E, IERRE 0, M o, WERIRkEE. AoaE
o, Bl

a) IeFmE=

37/2 27

A measure for the non-uniformity is the difference of the
rotation angles o, and a4 or the transmission ratio of the
angular speeds w, and w.

Expressed by an equation, that means:

a) Rotation angle difference:

P = ap —

(th MR AEFIRZE)
CPK = arc tan <%SB tanOL1) -

b) EELE

(also called gimbal error)

@k max = arc tan woelh |
: 2 \/cosP

b) Ratio:

cosf3

= @2 _

42
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TEFRA b =60° BRXTRE—FAHERNAEREL
i= wy/w, MELFERL.

General theoretical directions

The following diagram shows the ratio | = wy/w; for a full
revolution of the universal joint for B = 60°.

? 2
i
15
1
05
0 7/ 2
TEMEE UBTRERE: The degree of non-uni-

formity U is defined by:

U=imax =1 mn =tanp - sinp

A where:

U =1 =1 min =tanp - sinf

. 1
'max = Gosp

i min. = COSP

HEEERT XD HAM 0°E] 45°, HizshRFHEE U
BRRIEHEAEE Qma NELER.

MEBHEXAR, £ 45°U TRELHETHRLSEBEHMAR
s B =0° MIBATARESEH (MEMRTR) -

TEFTRELHNIETRATUBER RS DR THE

LA EERIEE.

37/2 2

10" 1

4 >
. / 2
o =
® o 09 S
5} L
I~ =
5 S
1) > 08 T
£ ° / 23
S IS
5 » o7 ©
= ‘ [}
> o
3 S
=8 6 06 )
/| °
. F max /
5 0.5

o // 4/ 04
3 / 03

U o
2° 0,2
" 4
1° _ o]l
o /( 0
o 5° w15 200 257 30° 35" 40" 45

Deflection angle B

The diagram shows the course of the degree of non-uni-
formity U and of the angular difference @k ..« as a func-
tion of the deflection angle of the joint from O to 45°.

From the motion equation it is evident that a homokine-
matic motion behaviour corresponding to the dotted line
under 45° — as shown in the diagram — can only be obtai-
ned for the deflection angle B = 0°.

A synchronous or homokinematic running can be achie-
ved by a suitable combination or connection of two or
more joints.
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IRISHEA /AR AR IEE

General theoretical directions/Technical directions for application

2. I
LR AEE ¢, HERREEBERTEN
ZEZHT, ABTANHEXHRIEHE. BRMENRR
IMNEIT:

1) AmMXTHEmALESE, |
Bi= B,

BERMAITHME:

1a) Z-deflection

Driving end

2) WHXRTBIE 90° (n/2) MIBHFNBEXRR,
BN M i XSk R — T .

SR EHIENZ ERANTR, 1S
VDI-recommendation 2722 R A < AR E R

THERE

RELNBERZ I W EES. &5, URaEiYE
B—FEEENARREEX - RENHE.

Z-arrangement

BARVTRAEE

ABRRFEFRAL, DTNADPAFRLZ—R b=, MX—
FHIHESRIALUAR. AL, RIT AR LEIFEE IF
MR ZER —ERIRE.
AEEMBENMENRENRBN R UEEE ATHEE

HERT, HIRERFNAT
1°-1.5%
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2. The universal shaft

The rotation angle difference @ or the gimbal error of
a deflected universal joint can be offset under certain
installation conditions with a second universal joint.
The constructive solutions are the following:

1) The deflection angles of both joints must
be equal, I. e. By =B,

Two arrangements are possible:

1b) W-or M-deflection

Driven end

2) The two joints must have a kinematic angular relati-
onship of 90° (1/2), i.e. the yokes of the connecting
shaft are in one plane.

For a more intensive study of universal shaft kinematics
we refer you to the VDI-recommendation 2722 and to
the relevant technical literature.

Operating angles
The most common arrangements are the Z- and W-de-

flections. To begin with, we will consider the system in
which the shafts to be connected are in the same plane.

W-arrangement

Maximum permissible angle difference

The condition B; = B, is one of the essential require-
ments for a uniform output speed condition and cannot
always be fulfilled. Therefore designers and engineers
will often ask for the permissible difference between the
deflection angles of both joints.

The deflection angles for high-torque and high-speed
machine drives should be equal. If not, the difference
should be limited to 1°— 1.5°.



FERENANERLT, B3-S HNREFSETARENT
EEA TIEFFTERNER R AJRERENMEREE
PIfSE (8 R — B

B LR BRI ER A 1T X B EE R . A
RRAMNERNES (Z/IH W/W) ZHERNERNES
ARIESE. 2 W EEFERAEANE, AL
BIURT TR B MEEN S EEER 7 GWB M
A IRmER.

BRARVFLIEMEMA B BE

AR R R~ RS, 8P X THERARFERAL A
5%-44°%, BT LR EMAISEIF R, S AURYE HHEIE X B
A EITRRH.

XM NARLATTENMRRRE, Hh B RERN S

AN MBI RILE ) R R FFRIST R A VFRE B 1%
R EEAREUR T

R A RO AR
=n- B

AR Bt B B B TR AR

FEEREEMN BHE#FKENZGT  RAARFHAAR
TUATAXHEE:

K, n- IERERE (/min)
B- XA ()

wBINIEEIR SR,

Technical directions for application

Greater differences about 3° to 5° are acceptable with-
out disadvantages in low speed applications. For applica-
tions with varying deflection conditions it is important to
obtain uniformity, if possible over the complete deflec-
tion range.

Deflection in two planes means that the deflection is
both horizontal and vertical. The combination of two
identical types of deflection (Z/Z or W/W) and identical
deflection angles ensure uniformity. For combination of
Z- and W-deflection the inner yokes must be offset.
Please consult GWB's application engineers to determi-
ne the proper amount of angular offset.

Determination of the maximum permissible opera-
ting deflection angle 3

Depending on the cardan shaft series the maximum
deflection angle per joint is B = 5° — 44°. Due to the kine-
matic conditions of the cardan joint, as described before,
the deflection angle must be limited in relation to the
speed.

Calculations and observations of many applications have
shown that certain mass acceleration torques of the cen-
tre part must not be exceeded in order to guarantee
smooth running of the drive systems. This acceleration
torque depends on the

Product of speed and deflection angle

=n-B

and the moment of inertia of the middle part of the
shaft.

The maximum permissible deflection angle at a given
speed and an average cardan shaft length can be deter-
mined from:

Operating speed [rpm]
Deflection angle of joint [+ °]

™
I

For exact determination please contact us.
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5 AR iem

T3 a1 7= @b TAERE & S 1 F AR R Limits for the product of operating speed
and deflection angle

35° “

33° ——

. |
29° 3
27° |
25° \\

T N———
\\\&\ \\\ 657. 25
Ik \\\ \&68;3.;040687.35

19° \\ B87.45
\ \ 687.55

Deflection angle B

. SO\
ARQNN \
130 \\\\ \

\ \\ N 380.B0 392.50 587.50 587.55 587.60 BB7.865
\ \ \\\ \ 390.70 392.50
11° \\ \\ / 390.65 392.55
\ \\ \ 390.80 392.70
ge \\ \\ 390.75 392.65
VAN
7° \z&\ .. ‘\
R S ey
5e NQ\\\:\}\\‘
30
0°
0 1000 2000 3000 4000 5000
Speed n {;gm?]
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Technical directions for application

Speed

Checking the critical torsional speed

The plant or vehicle manufacturer has to prevent the
use of cardan shafts within the critical torsional speed
ranges of the drive. Therfore the determination of the
critical torsional speed ranges of the drive system is
required. The values for the moment of inertia and
torsional stiffness of the selected cardan shaft can be
taken out of the data sheets or can be supplied upon
request.

Checking the critical bending speed

Except for short and rigid designs, cardan shafts are fle-
xible units with critical bending speeds and flexural vibra-
tions that have to be checked. For this, the first and pos-
sibly second order critical bending speed is important.

For safety reasons, the maximum permissible operating
speed must be at a sufficient distance from the critical
bending speed.

- r/min
perm. max. — 0.8- Nerit. [rpm]

The critical bending speed for a particular shaft size is
determined by the length and the tube diameter only
(see diagram). For greater length dimensions the tube
diameter has to be increased. The diameter is limited
because of the ratio to the shaft size. Therefore single
cardan shafts can only be provided up to a certain
length. All installations exceeding this limit have to be
equipped with subdivided drive lines.

For determination of the critical bending speed see
the following selection diagrams.

These diagrams only apply to cardan shafts that are
installed with solid bearing supports located close to the
flange.

Different installations, e. g. units with elastic moun-
ting bearing, must have lower critical bending
speeds.

Depending on the type of the plant, excitations of
2nd order can cause flexible vibrations. Please
contact our engineers if the deflection angle exceeds
3° and at greater length dimensions.
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Determination of the critical bending speed
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Technical directions for application

587/390/392 % 7l Series 587/390/392

BIENBTIEKEREIR RS HEE Determination of the critical bending speed
depending on the respective operating length
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Length dimensions

The operating length of a universal shaft is determined by:
® the distance between the driving and the driven units
® the length compensation during operation

The following abbreviations are used:

L, = Compressed length
This is the shortest length of the shaft. A further com-
pression is not possible.

L, = Length compensation
The universal shaft can be expanded by this amount.
An expansion beyond that dimension is not permissible.

L, + L, = Max. perm. operating length Lg,,,,.

I-B max — |—z + I-a

During operation the universal shaft can be expanded
up to this length. The optimum working length Lg of an
universal shaft is achieved if the length compensation
is extracted by one-third of its length.

[mm]

This rough rule applies to most of the arrangements. For
applications where larger length alterations are expected
the operating length should be chosen in such a way
that the movement will be within the limit of the permis-
sible length compensation.

Arrangements of cardan shafts

A tandem arrangement of universal shafts could become
necessary:

® o cope with greater installation lengths

Basic forms of shaft combinations:

Universal shaft with intermediate shaft

=Gt

Universal shaft with two intermediate shafts

+9

AR SRR PR 7 R &

L
J;/-;"V

HO=——6t

2 universal shafts with double intermediate bearing
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Technical directions for application

In such arrangements the individual yoke positions and
deflection angles should be adjusted with regard to one
another in such a way that the degree of non-uniformity
(see general theoretical directions) and the reaction for-
ces acting on the connection bearings (see technical
directions for applications) are minimized.

Load on bearings of the connected units

Axial forces

For the design of a cardan shaft it must be taken into
account that axial forces can occur. These must be
absorbed by axial thrust bearings of the connected units.

Axial forces will occur during length variations in the
cardan shaft. Additional axial forces are caused increa-
sing torque and by increasing pressure during lubrication
of the splines. This force will decrease automatically and
can be accelerated by the installation of a relief valve.

The axial force A, is a combination of two components:

1. Frictional force Fg,

This is the force that occurs in the length compensation.
It can be determined from:

FRL=T-L- cos fB

m

Fa = Frictional force from the length compensation [N]

A1, Fo = BFMR4EEEI~LRERT (N)

CHURT: It depends on:

T = FaEASZHEE (Nm) T = Torque of the cardan shaft [Nm]

M = JEHEGBEITSNBREESE (M) r. = Pitch circle radius in the sliding parts of the cardan shaft [m]
M= BEERY (BUAFXTEEmAIR) W = Friction coefficient (depends on spline-treatment):

@ 0,08 for plastic-coated splines

Py SRy =ty s
o HERIREMLRH) 008 ® 0,11 for steel/steel (greased)

o TESTEEZE (BR) KO

B = TEHf B = Operating deflection angle

2. A1 F, 2. Force F,

. N - o s g This force occurs in the length compensation due to the
Ej]’u EFRERD, RMTHRHEEEAENEA increasing pressure in the lubrication grooves of the
IERAT cardan shaft.

The force depends on the lubrication pressure (max.

HEBRFEBEN (&ATZEENH 15ban)
perm. pressure 15 bar).
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EREEWMARMDNNITE Calculation scheme of radial forces on connecting bearings
Flojsh Z feedt Universal shaft in Z- Foidh W et Universal shaft in W-
arrangement arrangement

WERER N, EEXSMFA pocii 00 fin - frE Y O, £ X L4RAL oo :

> 3 , ge yoke right- . 3 Position 0°, flange yoke right-
‘:E’U%'—?H?$EEE\E\% o angled to drawing plane LS ER AR angled to drawing plane
MEBEREN 90°R, A= KA Position /2, flange yoke in NEREN 0/, JEAEXKMATL Position /2, flange yoke in
L TAT T B FE. drawing plane F O FEFEm. drawing plane

| | " te:
@ e m— b - - — g e f

_'L_b'—J L—Ae f

a=0°  Ap=T . —BD ang tang,) a=0°  Ap=T . —BD ang, tang,)
B1=T 'W' (tanB, — tanp,) By =T -W- (tanB; — tanB,)
Fi=T -4%03'_8_ f. € . (tanB, - tanp,) Fi=T '4;(:0?_8, f' €. (tanB, - tanp,)
Eq=T (cosPile+1) i .(ef il (tanB; — tanB,) Eq=T - cos L _(ef i (tanB; — tanB,)
a=m2=90° Ay=B,=T. 208 a=m2=90° Aj=B,=T. 205
_p _T. _SinB _E _T. _SinBy
Fo=E,=T f - cosp; Fa=Bp =T f - cosp;
T3 EHE R A AR A B =B 1 B AR SR B =B
FERESASERLTHRER a=fb=e FERESASER THRE a=fb=e
Universal shaft arrangement with Universal shaft arrangement with
equal deflection angles and equal bearing distances equal deflection angles and equal bearing distances
a=0° Ay=F =8 =F =0 o = 0° A =F =27 . —SNB1-b

L -a
_ _ ane _p _T ._tanBy -
o =m/2 =90 A,=B,=T o B, = E, = 2T .smgﬂ (aa+ b)

F. =E,=T - mL )
2= E2 a a=m2=90° MIWRE o = /2
see Z-arrangement
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Technical directions for application

Balancing of cardan shafts

The balancing of cardan shafts is performed to equalize
eccentrically running masses, thereby preventing vibrations
and reducing the load on any connected equipment.

Balancing is carried out in accordance with ISO Standard
1940, “Balance quality of rotating rigid bodies”. According
to this standard, the permissible residual unbalance is
dependent on the operating speed and mass of the balan-
ced components.

Our experience has shown that balancing is not normally
required for rotational speeds below 500 rom. In individual
cases this range may be extended or reduced, depending
on the overall drivetrain characteristics.

Cardan shafts are balanced in two planes, normally to a
balancing accuracy between G16 and G40.

® Balancing speed

The balancing speed is normally the maximum speed of
the system or vehicle.

® Quality grade

In defining a quality grade, it is necessary to consider the

reproducibility levels achievable in the customer’s own

test rig during verification testing. Quality grades are

dependent on the following variables:

— type of balancing machine (hard, rigid or soft suspension)

— accuracy of the measuring system

— mounting tolerances

— joint bearing radial and axial play

— angular backlash in longitudinal displacement direction
Field analyses have shown that the sum of these factors
may result in inaccuracies of up to 100 %. This observation
has given rise to the definition of the following balancing
quality grades:

— producer balancing: G16

— customer verification tests: G32

Car wheels, wheel rims, wheel sets, drive shafts
Crankshaft/drives of elastically mounted fast four- cycle
engines (gasoline or diesel) with six or more cylinders
Crankshaft/drives of engines of cars, trucks and locomotives

Drive shafts (propeller shafts, cardan shafts) with special requirements
Parts of crushing machines and agricultural machinery

Individual components of engines (gasoline or diesel)

for cars, trucks and locomotives

Crankshaft/drives of engines with six or more cylinders

under special requirements

Parts of process plant machines

Marine main turbine gears (merchant service)
Fans, flywheels, centrifuge drums

Paper machinery rolls, print rolls

Assembled aircraft gas turbine rotors

Pump impellers

Gas and steam turbines, including marine main turbines
(merchant service)

Rigid turbo- generator rotors

Turbo- compressors, turbine- driven pumps
Machine- tool drives

) 21& DINISO 1940/8—# 4
Computer memory drums and discs

Extract from DIN ISO 1940/Part 1
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The designing of cardan shafts must exclude all pos-
sible danger to persons and material by secured cal-
culation and test results as well as other suitable
steps (see installation and maintenance/safety
instructions).

The selection procedure described in this chapter is
only a general recommendation. Please consult our
engineers for the final design.

The selection of a cardan shaft should be based on the
following conditions:

1. Specifications of cardan shafts

2. Selection by bearing life

3. Operational dependability

4. Operating angles

5. Speed

6. Length dimensions

7. Load on bearings of the connected units

1. Specifications of cardan shafts

Tc¢s = Functional limit torque [Nm]

Up to this maximum permissible torque a load may be
applied to a cardan shaft for a limited frequency without
the working capability being affected by permanent
deformation of any cardan shaft functional area. Up to
1000 load changes (short time fatigue strength for finite
life) are capable of being sustained with T.s. This does
not result in any unpermissible effect on bearing life.

Yield torque

This torque level leads to irreversible plastic deformation
of the cardan shaft which could result in a failure of the
complete drive system.

Tow =Reversing fatigue torque [Nm]

At this torque the cardan shaft is permanently solid at
alternating loads.The values for cardan shafts of series
687 with welded balancing plates are lower.

With a fatigue torque of this order the transmission
capacity of the flange connection must be checked.

Tpsch = Pulsating fatigue torque [Nm]

At this torque the cardan shaft is permanently solid at
pulsating loads.

Toseh = 1.4 - Tpw

Lc = #WAFGRH

WARFRECER T BANSEE® Cyy,
(W DIN/ISO281) AR ATRIJLARAEEF R,
EMAMEH AN L ESERDIE (RBER) .

EREA I, HEkEFaMLEREESAEER, BN

I 6 SBUAR R Bl T IR L 15 32 3R 9 55 R 4R Tow BLIRBNIE S5 4 4R
Tosch ZEFEN.
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Lc = Bearing capacity factor

The bearing capacity factor takes into consideration the
dynamic service life Cy,, (see DIN/ISO 281) of the bea-
rings and the joint geometry R.

The L-values for the different shaft sizes are shown in
the tables (see data sheets).

For selecting a cardan shaft the bearing life and the
operating strength must be considered separately.
According to the load state the reversing fatigue
torque Tpyy or the pulsating fatigue torque Tpg.,
must also be taken into consideration.
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Selection of cardan shafts

2. Selection by bearing life

WA GG B Lk by bearing capacity factor L.
The bearing life L;, of a cardan shaft depends on the bea-
Hﬁ\?ﬁﬁg%ﬁ‘% oL BURT MR e R A, HERTS ring capacity factor and is based on the following formu-
2 E: la:
L 010
|_ Aﬁi
n B T1 0/3 1

R E XA B RV W, KT RVA/ NI RS DURIE A o
R LATEHR:

If the desired bearing life L, is given, the joint size can
be calculated by the bearing capacity factor L.

L,-n-B T8 K,

L =
LB UERKE (WBER) .
Le = HIAFGRE
n = T{EFEER (r/min)
B = L1EHfmA (£°)
T = T{E#E5E (kNm)
Ky = i BEE

MRTESHET THEER, JLUTREEENERNER
HAfR

LR AR, AT HIRIEH, KRBT R
Ki 2 ¥EE. EMERAPNAELK] BT

EEAL/E AN Ky = 1,00
ban:E2mlil (4 HIAE) Ky =115
S (4HLAE) Ky =120

EAEEN—REE. MREMASEMEHRE, EhTRES
FEfo R b, AR A R BX AR AL T IR BR BN (E

3. TIEATEH

WMREHMAHEH, MATARE LIET M. FEMEEMN
THREEH TN ES S LIUAZISBYMERNER S

REEIEETEHE. EXFEAT, BEHMNN IR
BCE, FIARA S0 REAFTTAMMER, AJRMRE
9&?:"—0

BANTHAORIERRIERIE T NA g E AR RIEREIE

Tspo

RIEFFERARYE TIER AN RRFBEN, ERIZR
TN Tosen 1 Towo

The Lc-values can be taken from the tables (see data
sheets).

Lc = Bearing capacity factor

n = Operating speed [rom]
B = Operating deflection angle (£
T = Operating torque [kNm]
Ky = Shock factor

If operating data are based on a duty cycle, a more preci-
se durability can be calculated.

Drives with internal combustion engines may cause tor-
que peaks that must be considered by factor K;.

Electric motor/turbine K, = 1,00
Gasoline engine 4 cyl. and more K, =1,15
Diesel engine 4 cyl. and more K, =1,20

The values shown in the tables are general values. If a
flexible coupling is used, the shock factor is lower.
Principally the data of the motor and/or coupling manu-
facturer must be observed.

3. Operating dependability

The operating dependability can be determined if a cer-
tain duty cycle is given. The calculated service life of a
cardan shaft under normal working conditions has to
achieve or exceed the required service life.

Duty cycles are often not available. In this case, please
contact our engineers and make use of our more than
50 years of experience as a manufacturer of cardan
shafts. We will provide an optimal selection.

Our calculations are based on the peak torque T and the
maximum peak torque Tgp that may occur.

The peak torque is determined according to the kind of
operation and the torque characteristic. It should be
lower than the corresponding torques Tpgep and Tpyy,.

TN . K = T < TDSCh or TDVV
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Selection of cardan shafts

AR AY:

Bkh R 11/ Pulsating stress

'y T< TDSch

BRARIEEE T, £RAPRIOEI, REEELFHHKE
RATFRE. BRRRIERIE Te AN BN THEER

PREEHE Toso

X, T = RARRIEHE

T = AFREERE

Tes = THEEMRPREERE

(M&HR)

EREHK
ERARGRIMIEIL TR

BRGRE AR /light shock load:
K=11-1,5

PR T Y IR &
BEOR

R A (FESA)
S (ES )
NERA

HLAR

ERIAL

&g as /medium shock load:
K=15-2

WEH EANIRE

BLR

& BAL(IRELEAT)
A (SR )
B RAL

ARIHUR
NSRRI AL
SHAEER
ELIEVE37 1))

LM SEMELN
MEE %)

FEROHEATR /heavy shock load:
K=2-3

EEL T R IR &

ARBRAL
ARARTEED

EIEH 25
Bk
NBLSRIER
INEUELEHL
ABGERR S
BITE AL
BIDEER
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Typical types of torques:

ZA R f1/Alternating stress

)\ T <Tpw

The maximum peak torque Tsp is the extremely rare
occuring torque of the system (crash, emergency case).

This maximum torque (Tsp) should not exceed the func-
tional limited torque T,s of the cardan shaft.

Tsp < Tcs
[Nm] Tsp = Maximum peak torque INm]
INm] Ty = Nominal torque INm]
INm] Tes = Functional limit torque of the cardan shaft ~ [Nm]

driven machine

Centrifugal pumps
Generators (continuous load)
Conveyors (continuous load)
small ventilators

Machine tools

Printing machines

driven machine

Centrifugal pumps

Generators (non-continuous load)
Conveyors (non-continuous load)
medium ventilators

Wood handling machines

small paper and textile machines
Pumps (multi-cyl.)

Compressors (multi-cyl.)

Road and bar mills

Locomotive primary drives

driven machine

Large ventilators

Marine transmissions

Calender drives

Transport roller tables

small pinch rolls

small tube mills

heavy paper and textile machines
Compressors (single-cyl.)

Pumps (single-cyl.)

(see data sheets)

Service factor K

The service factors shown in the following table should
be used as approximate values only.

B A hEfALs /heavy shock load:

K=2-3

HEBE A7 AR driven machine

WAL Mixers

SHapdaikil Bucket wheel reclaimers
L Bending machines

&SI Presses

e AL Rotary drilling rigs

HEHERED Locomotive secondary drives

EFLAMN Continuous casters

ERENEER) Crane drives

FE N E T /extra heavy shock load:

K=3-5

PEER Jo a3 IR & driven machine

EETERE continuous working roller tables

AR R ERELAL Medium section mills

FEEARGLAL B WIELATL continuous slabbing and
blooming mills

FESEREAN continuous heavy tube mills

A TIERIE reversing working roller tables

REniaENL Vibration conveyors

AR EEAT Scale breakers

HEMN Straightening machines

KRR Cold rolling mills

B Reeling drives

WIELAL Blooming stands

REEHAR /extreme shock load:

K=5-10

RS TS 3R & driven machine

FLALERERE Feed roller drives

FIaLaE) Wrapper roll drives

ERBITI Plate-shears

AT ELAL R AR ELAL reversing slabbing

and blooming mills
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Installation and maintenance

Safety instructions

Our products have been developed and tested according
to the latest state-of-the-art engineering. The characteris-
tic features of the products which are described in our
information material or which we specified in writing
were subjected to proper and careful inspection.

Other features are possible but they are subject to
our written confirmation.

The knowledge of the various demands on our product
for a particular application lies with the purchaser, and it
is incumbent on him to verify the drawings and docu-
ments prepared by ourselves on the basis of the data
made available by the purchaser and to examine the
suitability of the product for the proposed use. The se-
lection of shaft types and the specification of their sizes
on our part shall in all cases be considered as a recom-
mendation only.

When using and handling cardan shafts, the following
safety instructions must be strictly observed to prevent
damage to persons and property.

® Where danger to people or material can be caused by
rotating cardan shafts, a safety device has to be instal-
led by the user and/or operator.
Observe the EC Regulations for Machinery!

® /nstallation, assembly and maintenance work may
only be carried out by qualified personnel.

® The operating data of the cardan shafts, such as max.
torque, speed, deflection angles, lengths etc. must
never be exceeded.

® /f cardan shafts are in any way altered without our
written consent, they are no longer covered by
our warranty.

GWAB cardan shafts are delivered as complete units
ready for installation. The shafts are greased for operati-
on. They are balanced and painted in accordance with
the technical information sheets.

The balance state of a cardan shaft must on no
account be altered.

An inadmissible out-of-balance of a shaft may result
in uneven running and premature wear of the joints
and the bearings of the units to which the cardan
shaft is connected. In extreme cases the cardan
shaft could break and shaft components could be
thrown at speed from the vehicle or machine.

Danger of injury!
Provide a safety guard device!

Further safety instructions are incorporated in the rele-
vant items.
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Transport and storage

To prevent injuries of persons and damage to
the cardan shafts always make sure that the
shafts are safely transported and stored.

Please consider the following precautions:

® Use strong nylon ropes or lifting belts. When using
steel cords, protect the edges.

® Cardan shafts should be transported in a horizontal
position (see illustration). For non-horizontal transpor-
tation additional precautions must be taken to prevent
the splined parts from separating.
Danger of injury!

joint range
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® When lifting or putting down the shaft, the moving
parts (flange yoke and journal cross) may tilt and lead
to injuries.
Keep hands away from the joint!
Danger of crushed hands!

® Avoid bumps and knocks during transport and
storage.

® Do not store or handle the shaft with any stress or
load on the spline protection (1) or the seal (2).

%% |/ Series 390, 392, 393

® Use appropriate frames or racks for storage, so that
the flange yokes are not loaded.

® Use chocks or blocks to prevent cardan shaft from rolling.

® Secure shaft against falling over if it is stored in a
vertical position.

® Keep cardan shafts in a dry place.
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Installation and maintenance

Installation/dismantling

Installation

In order to guarantee the properties of the cardan
shaft as described in the information brochure they
must not be altered from its as-delivered state.

Whenever people or material might be endangered
by rotating cardan shafts, the user must take for the
relevant safety precautions.

® Suitable safety devices (e.g. catch bows, solid safety
guards) must be provided to prevent the parts of the
shaft from being thrown around.
Danger to life!

® Cardan shafts are elastic and flexural bodies. Their fle-
xural vibration and their critical bending speed must
be calculated. The maximum permissible operating
speed must be sufficiently below the critical bending
speed of the first order.

® For the smooth running and safety of the shaft the
n x B value (speed x deflection angle) of the relevant
shaft size must not be exceeded.
Please contact us.

® The faces and the centering diameter of the shaft
flanges and companion flanges must be free of dust,
grease or paint to guarantee a safe connection.

® Be careful when handling the cardan shaft. Freely
moving flange yokes may cause INJURIES!

® Check position of yokes (1) of the shaft. Observe the
arrow markings (2). They must be in alignment. The
splines are fitted to one another and must not be
exchanged or distorted.

® ZEpNBIZREERE, NEHRE. WEROES
RN B R

¢ WEHOMRARNEREEZEOMBAERENRE
B (WEEEZFD) -

® NEEMHEREMMDEEXT, XHFAERRRA
B I M B R R R

o EFEAMERE (8E)
(MEZBAeER) .

SRR ER S

® Before installation remove the transport retainer
device, if present. In case of doubt please contact the
supplier.

® Check the axial and radial run-out as well as the spigot
fit of the mounted flanges and the connected units
(see companion flanges).

® Do not turn the joints of the cardan shafts with
assembly levers because this may damage the grease
nipples or relief valves.

® Use nuts and bolts of the prescribed quality (strength)
(see flange boltings).
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® Only use nuts and bolts in accordance with the supp-
lier’s specification.

® The bolts should be evenly tightened crosswise with
a torque wrench (see flange boltings).

® When using cardan shafts without length compen-
sation, one of the connecting units must be flexible
in order to be fitted over the flange pilot. Variations in
length which may be caused by temperature changes
must be allowed for by a suitable connecting bearing.

® /f cardan shafts with length compensation are used,
the companion flanges must be firmly fitted on the
shafts of the connected units.

® Cardan shafts that have been stored for more than
6 months must be re-lubricated before use (see
Maintenance).

® For spray-painting the cardan shaft, make sure that
the sliding range of the seal (length compensation L,)

is covered.
lt— L, T
N\ e
= L
0 AP ESAERINHIT R IR BE R ® For spray-painting the shaft we recommend our paint
GEARATAED » standards (Please ask for them).
o RPRARBELT MR RNTERE ® oker againat o pines sleave muftor sieeve
(’Hﬁ%é%u EER?‘() , [//(BE — heat
- 2 — solvents
- BERE — mechanical damage.
- MR ® When cleaning cardan shafts, do not use aggressive
© TEEVF A, B AR R L A S sk chemical detergents or pressurized water or steam
A o - R AL Jets because the seals may be damaged and dirt or
SRR RS .

® T AHEEBE-25°C(-13°F) & +80°C(+ 176°F) 1
BRESEEAER. BEARNEANREENERLT,
ERRERSIA + 120°C( + 248°F) . EfEFREBS
ek, BERMNEKR.

# #
© IRENHIEREUERE, BylETD RALEE DS

© EIREEELEZ 281, EEHOHEZEIARET.
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water may penetrate.

® Cardan shafts can be used in a temperature range
between -25°C (-13°F) and +80°C (+176°F), up to
+120°C (+248°F) but only for limited periods and not
on a frequent basis. Please contact us if the operating
temperature deviates from these values.

Disassembly

® Before disassembly protect the cardan shaft from
spline separation.

® Secure the cardan shaft against falling down before
pulling it off the companion flange. The flange yoke
may tilt. Danger of injury!

® Observe the directions for transport, storage and
installation of cardan shafts.
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Installation and maintenance

Flange bolting

The flange bolting set can be supplied by GWB on
request.

The bolt lengths given in the tables are only suitable if
the dimension 2 x G corresponding to the double the
flange thickness G is not exceeded (see data sheets). If
longer bolts are used, check whether the bolts can still
be inserted from the joint side.

We recommended a bolting set consisting of:

Hexagon bolt with short thread similar to DIN 931/10.9
(shaft length greater than flange thickness)
Self-locking nut, similar to DIN 980/934-10.

The bolts allow fitting

a) partially from the joint side, i.e. the recessed diameter
¢ does not prevent the bolt from turning;

b) from the companion flange side. We recommend
designing the recessed diameter ¢, so as locate the
bolt head.

See tables for insertion of bolts.

All bolts must be tightened with the specified torque.
The tightening torques T, given in the table are based on
a 90% (80% Hirth-serration) utilization of the elastic limit
and apply to slightly oiled bolts.

Do not use molycote paste or any other grease on
the bolts and nuts. In case of corrosion protected
bolts and nuts (e.g. Dacromet 500), please contact us.

Max. permissible tolerance of DIN 25202 class B.

#5%1 /Series 587/687/688 Shaft size 587.50 587.55 587.60
|Flange dia. A mm 225 250 250 285 285 |
| Ta Nm 295 405 405 580 580
c mm 158 176 168 202 202
2xG \" & mm 171 189 189 214 214
d - M16 | M18 | M18 | M20 | M 20
gL Lo | mm 50 60 60 64 64
St e NEN HZ T DIN931/109 v mm 20 24 24 24 24
MEr g
AiEa S mm 24 27 27 30 30
- - - O
#24T DIN980/10 i _ 8 8 8 3 3
ligl=Eaat as]
H bolt: Bolts inserted from joint side yes yes yes yes yes
short model similar to
DIN 931/10.9 1) =g 1) = Number of bolt holes
(&) Hexagon nut: Ta = BEEENTE A% Ta = Tightening torque of bolting
similar to DIN 980/10 TN AAEREHERNERT Special torque wrenches supplied
FAEE [Joint flange Self-locking on request
Shaft size 687/688.15 | 687/688.20| 687/688.25|  687/688.30 687/688.35 687/688.40 687/688.45 687/688.55 687/688.65
[Flange dia. A mm 100 120 120 120 150 150 180 150 180 180 225 180 225 180 225 |
Ta Nm 35 69 69 69 120 120 190 120 190 190 295 295 295 295 295
c mm 64 76 76 76 100 100 119 100 119 119 158 118 158 118 158
C mm 69,5 84 84 84 110,31 110,3 | 132,56 110,3 | 132,56 |1 1325 | 171 | 130,65 | 171 [ 130,56 | 171
d - M8 M 10 M10 | M10 | M12 | M12 | M14 | M12 | M14 | M14 | M16 | M16 | M16 | M16 | M 16
I mm 23 27 27 27 33 33 40 33 40 40 50 50 50 50 50
v mm 9 1 11 1 13 13 16 13 16 16 20 22 20 20 20
s mm 13 17 17 17 19 19 22 19 22 22 24 24 24 24 24
i") = 6 8 8 8 8 8 8 8 8 8 8 10 8 10 8
Eglr:qugii?ré%de Normal design yes yes yes yes yes yes yes yes yes yes yes yes yes no yes
Bolts inserted . .
from joint side Wide angle design - - - - - - - yes yes yes - yes - - -
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%%l [ Series 390
IrAEI242iE S / Standard bolting
I
2xG Y
‘ ?zmﬁé 931/10.9
. 25 T DIN931/10.
N ﬁ—":r Rk
» - - - ANRIEE:
z}]ﬁg g;m;EQSO/ 10
‘:L b
L — Hexagon bolt:
short model similar to
DIN 931/10.9
J [&] Hexagon nut:
similar to DIN 980/10
KIEZ [Joint flange Self-locking
#73l /Series 587/390
HETER

Dowvel pin connection

Faac

L3
184 F DIN931/8.8
fieRsige

£
Y F DIN980/10
ERISELAS:
$44T: DIN 1481
#E: DIN 7349

Hexagon bolt:

| _H-om %:4_ -O

KH3E= [Joint flange

short model similar to
DIN 931/8.8
Hexagon nut:
similar to DIN 980/10
Self-locking

Dowel pin: DIN 1481
Washer: DIN 7349

#7%| /Series 587/190
#BER% 1t/ Super short designs
|
2xG v
‘ IR
. % F DIN931/10.9
g N ﬁjﬁ G
pav::L =S
«» - - © 7% F DIN980/10
L AF T
— Hexagon bolt:
short model similar to
DIN 931/10.9
S (&) Hexagon nut:
similar to DIN 980/10

X WEZ [Joint flange

62

Self-locking

Shaft size 390.60 390.65 390.70 390.75 390.80
[Flange dia. A mm 285 315 350 390 435 |
Ta Nm 580 780 780 1000 1500
c mm 202 230 256 295 332
c mm 214 247 277 308 343
d - M 20 M 22 M 22 M 24 M 27
| mm 64 70 75 85 95
v mm 24 26 25 29 31
mm 30 32 32 36 41
i" - 8 8 10 10 10
Bolts inserted from joint side yes yes yes yes yes
1) = igersnn 1) = Number of bolt holes
Ta = BEEENITE S Ta = Tightening torque of bolting
RS ERIREER N ERT Special torque wrenches supplied
on request
Shaft size 587.50 | 587.55 | 390.60 | 390.65 | 390.70 | 390.75 | 390.80
[Flange dia. A mm 250 250 285 315 350 390 435 |
Ta Nm 130 130 200 200 280 280 400
c mm 176 168 202 230 256 295 332
cid) mm 176 176 198 228 254 294 332
d - M14 | M14 | M16 [ M16 | M18 | M18 [ M 20
| mm 65 65 75 75 90 95 110
ds mm 25 25 28 30 32 32 35
Iy mm 32 32 36 40 45 50 60
v mm 17 17 23 19 24 23 30
a mm 6 6 6 6 8 8 8
s mm 22 22 24 24 27 27 30
i" - 4 4 4 4 4 4 4
Bolts inserted from joint side yes yes yes yes yes yes yes
1) = EAEE 1) = Number of bolt holes
2) = IEfuiNiEse 2) = Dowel pin connection without
To = BIEERTENE locking
ARAPERIEHERHEERF Ta = Tightening torque of bolting
Special torque wrenches supplied
on request
Shaft size 587.50 190.55 190.60 190.65 190.70
[Flange dia. A mm 275 305 348 360 405 |
Ta Nm 190 295 405 405 580
c mm 2135 237,5 274 288 324,5
c, mm 225 250 285 299 338
d - M 14 M 16 M 18 M 18 M 20
| mm 50 50 60 60 65
v mm 15 20 24 24 21
mm 22 24 27 27 30
i") - 10 10 10 10 10
Bolts inserted from joint side yes yes yes yes yes

1) =g He
Ta = BEERNITENE
TR APEREHERNERT

1) = Number of bolt holes

Ta = Tightening torque of bolting
Special torque wrenches supplied
on request




%3 | Series 392/393

imE & E 2% |Flange connection with face key

Installation and maintenance

SRR
1 | — % F DIN931/10.9
rzr MEr g
» | j o) RIS
#24T DIN980/10
ligl=Eaat as]
= | —
I Hexagon bolt:
short model similar to
DIN 931/10.9
2} o, Hexagon nut:
similar to DIN 980/10
KR [Joint flange Self-locking
Shaft size 392.50 392.55 392.60 392.65 392.70 393.75 393.80 393.85 393.90
| Flange dia. A mm 225 250 285 315 350 390 435 480 550
Ta Nm 295 405 580 780 780 1000 1500 2000 2000
® mm 152 170 193 224 254 286 B]lI5 334 420
G mm 171 190 214 247 277 307 342 377 444
d - M 16 M 18 M 20 M 22 M 22 M 24 M 27 M 30 M 30
I mm 60 75 80 90 100 110 120 130 140
v mm 20 25 26 26 30 30 36 36 40
S mm 24 27 30 32 32 36 41 46 46
i") - 8 8 8 10 10 10 16 16 16
Bolts inserted from joint side no no no no no no no no no
Baureihe/Series 492/498
2xG
_ ‘T)TVV )
h AR
» I 1 L j 5 %§§$D|N931/10.9
‘ J=L t e
AR
- — 2 F DIN?80/934-10
[ip]=kntias]
I Hexagon bolt:
short model similar to
DIN 931/10.9
\ Hexagon nut:
7 similar to DIN 980/934-10
K353k /Joint flange [Joint flange Self-locking
%3l /Series 492
Shaft size 492.60 492.65 492.70 492.75 492.80 492.85 492.90
| Flange dia. A mm 285 315 350 390 435 480 550 |
Ta Nm 180 270 270 875} 875} 525 720
d - M 14 M 16 M 16 M 18 M 18 M 20 M 22
s mm 21 24 24 27 27 30 32
i") - 10 10 12 12 16 16 16
Bolts inserted from joint side no no no no no no no
%73l /Series 498
Shaft size 498.00 | 498.05 | 498.10 | 498.15 | 498.20 | 498.25 | 498.30 | 498.35 | 498.40 | 498.45 | 498.50 | 498.55 | 498.60
| Flange dia. A mm 600 650 700 750 800 850 900 950 1000 1050 1100 1150 1200 |
Ta Nm 900 900 900 1800 1800 3150 3150 3150 5400 5400 5400 8200 8200
d - M 24 M 24 M 24 M 30 M 30 M 36 M 36 M36 [M42x3|M42x3|M42x3|M48x3|M48x3
] mm 36 36 36 46 46 55 55) 55 65 65 65 75 75
i") - 20 20 24 24 24 24 24 24 20 20 20 20 20
Bolts inserted from joint side no no no no no no no no no no no no no
1) = @ierlse 1) = Number of bolt holes
Ta = BEEENITENE Ta = Tightening torque of bolting
TR ERIR L A EIRE Special torque wrenches supplied

on request
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Companion flanges

In general, cardan shafts are connected to the driven
units by companion flanges. The companion flange
material must have a tensile strength of 750 N/mm?Z.

The accurate running of a cardan shaft requires certain
tolerances for the axial and radial run-out (see tables).

The dimensions of the companion flanges correspond
with those of the same size of cardan shafts, except for
the centring depth F, and the fit C,, the depth of the
keyway t, and the width b,. They can be taken from the
following tables.

For better bolt locking we recommend designing the reli-
ef of the companion flange as a bolt head surface and
inserting the bolt from the companion flange side. In this
case the distance Z,,;,, must be met between the flange
and the adjacent housing.

If it is not possible to insert the bolts from the compan-
ion flange side, we recommend the use of stud bolts.

G
I
X = YhmEgks)
v X N Y = @k
Bl Zoin = BHKE (B2
B i X = Axial run-out

Y = Radial run-out

Z.in = bolt length
Z 35 /se”es 587 g L;( _5: : ‘7 _ _ (incl. bolt head)

A Q
Shaft size | 58750 587.55 587.60
A mm 225 | 250 | 250 | 285 | 285 HH__LA
[Fa mm 402 502 502 6-05 6-05 - Y
G mm 15 18 18 20 20
X and Y mm 005 | 006 | 006 | 006 | 006 L]
Ca h6 mm 140 | 140 | 140 | 175 | 175
1
I:A ! Zmin !
%75l /Series 687/688
Shaft size | 687/688.15 | 687/688.20 | 687/688.25 | 687/688.30 | 687/68835 | 687/68840 | 687/68845 | 687/68855 |  687/688.65
A mm | 100 120 120 120 | 150 | 150 | 180 | 150 | 180 | 180 | 225 | 180 | 225 | 180 | 225
5 mm 2,3-02 2,3-02 2,3-0,2 2,302 | 2,302 | 2,302 | 2,302 | 2302 | 2,302 | 2,3-02 402 2,3-02 402 2,3-0,2 40,2
G mm 7 8 8 8 10 10 12 10 12 12 15 14 15 15 15
X und/and Y mm | 0,05 0,05 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005 | 005
C. h6 mm 57 75 75 75 o) 9 110 90 110 | 110 | 140 | 110 | 140 | 110 | 140
%35l /Series 587/ 190

%% /Series 390 #Bi R84t/ Super short designs
Shaft size | 390.60 | 390.65 | 390.70 | 390.75 | 390.80 Shaft size | 587.50 | 190.55 | 190.60 | 190.65 | 190.70
A mm 285 | 315 | 350 | 390 | 435 A mm 275 | 305 | 348 | 360 | 405
[Fa, mm 6-05 6-05 7-05 7-05 905 [Fa mm 402 503 6-05 6-05 7-05
G mm 20 22 25 28 32 G mm 15 15 18 18 22
Xand Y mm 006 | 006 | 006 | 006 | 006 Xand Y mm 006 | 006 | 006 | 006 | 006
Ca h6 mm 176 | 175 | 220 | 250 | 280 Ca h6 mm 140 | 140 | 175 | 175 | 220
#7351 | Series 392/393
Shaft size 392.50 392.55 392.60 392.65 392.70 393.75 393.80 393.85 393.90
A mm 225 250 285 315 350 390 435 480 550
[Fa, mm 4,505 505 605 705 705 705 905 1105 1105
G mm 20 25 27 32 35 40 42 47 50
X and Y mm 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06 0,06
C. 18 mm 105 105 125 130 1565 170 190 205 250
b, K8 mm 32 40 40 40 50 70 80 20 100
t, +0,2 mm mm 9 12,5 15 15 16 18 20 22,5 22,5
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Installation and maintenance

Maintenance

Maintenance intervals

Cardan shafts are used in a great variety of industrial
plants with very different operating conditions.

We recommend inspections at regular intervals and, if
possible, to coordinate them with maintenance work on
other parts of the equipment. However maintenance
work should be carried out once a year at least.

Inspection

® Check the flange bolts for tightness and retighten
them with the prescribed torque (see flange boltings).

® Backlash inspection. By lifting the joints and the
length compensation check the visible or tangible
backlash.

Check the cardan shaft for any unusual noise, vibration
or abnormal behaviour and repair the damage, if any.

Lubrication

GWB cardan shafts are lubricated with grease and ready
for installation.

® for the re-lubrication of cardan shafts use a standard
grease acc. to STD 4006-000 as for example a lithium-
complex grease of the following specification only:
KP2N-20 / DIN 51502 acc. to DIN 51818.
Do not use grease with molycote additives!
Original standard GWB grease can be mixed only
with lithiumcomplex grease on mineral oil base.

® Clean the grease nipples before re-lubricating.

® Do not grease with too high a pressure or with hard
jerks. Max. permissible lubricating pressure 15 bar
(15 x 10° Pa).

® Cardan shafts that have been stored for more than
6 months must be re-greased before use.

® When cleaning cardan shafts, do not use aggressive
chemical detergents or pressurized water or steam
Jets because the seals may be damaged and dirt or
water may penetrate. After a cleaning the cardan
shaft must be re-greased until the grease escapes out
from the seals.

Journal cross assemblies

The journal cross assemblies may be re-lubricated via a
conical grease nipple (DIN 71412) located in the middle
of the cross or at the bottom of the bush.

The journal cross assembly has to be replaced before
the calculated bearing lifetime is reached.
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The seals of the journal cross bearings must be lubrica-
ted until the grease passes through from the seals of
the bearings.

Cardan shafts of the series 498 (in special cases also the
series 390, 392, 393, 492) must be lubricated via a flat
grease nipple according to DIN 3404. The illustrated
adapter pipe can be used as adapter between a conical
grease nipple at the cardan shaft (acc. to DIN 71412) and
a flat grease nipple connection at the grease pump (see
illustration).

ITERS 8605006  ( 90mm KE)
8605025 (300mm KE)

Order No.: 8605006 ( 90mm length)
8605025  (300mm length)

Length compensation

The length compensation of the standard version of

the series 687/688 is maintenance-free. The length
compensation of the series 390, 392, 393, 492, 190 and
587 as well as special designs of the series 687/688 is
lubricated via a combined grease and air-relief valve
with a conical grease nipple according to DIN 71412

(no self-locking grease nipple).

The length compensation of the series 498 is lubricated
via a flat grease nipple according to DIN 3404.

® Grease and air-relief valves must not be removed or
replaced by standard grease nipples.

® Protection caps should be removed from the grease
nipples before operation.

® Re-lubricating should be done at the shortest com-
pressed length L, of the shaft.



BriEEs A
BRIV BIZN T B T:

Installation and maintenance

Recommended re-greasing intervals

We recommend the following inspection and re-greasing
intervals.

% 5 B/EEHERE /Re-greasing intervals 1) JE PR B Tl
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687/688 6/~H /months T e To°
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390 6™ A /months 6 ™A /months
392/393 68 /months 6 ™A /months

492/498 31™HA /months
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® Unfavourable effects like temperature, dirt and water
may necessitate shorter lubricating intervals.
Principally we recommend adapting the lubricating
intervals to the individual operating conditions.

® For cardan shafts with plastic-coated splines (on
request) the re-lubricating intervals may be extended,
dependent on the application, to 12 months.

Repair

For safety reasons, cardan shafts should only be repai-
red by GWB or by GWB-approved repair shops.

The repair of cardan shafts is carried in a professional
manner by our cardan shaft service experts. The shafts
are overhauled using original spare parts. The repair of
cardan shafts by the user should only be made in emer-
gency cases and only for such equipment where the
operating speed of the shaft does not exceed 500 rpom.
If the speed exceeds 500 rpm, the cardan shaft must be
rebalanced.

If journal cross assemblies are to be replaced,
we also recommend replacing the bearing cap
screws of shafts of the series with split yokes.
Observe our installation and repair instructions.
Please contact us.

Environmental Protection

A particular feature of our environmental protection manage-
ment is dedication to product responsibility. As a result the
effect of driveshafts on the environment is given particular
attention. Thus our driveshafts are lubricated with lead-free
grease, their paint finishes are low in solvents and free of
heavy metals, they are easy to maintain and after use can

be re-introduced into the re-cycling process.
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Directions for inquiries and orders
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Selection procedures for specific
applications

Cardan shafts in railways transmissions

The selection of cardan shafts in the secondary system of rail
vehicles must be based on the maximum torque that can be
transmitted to the track (wheel slip or adhesion torque).

Cardan shafts in crane travel drives

The particular operating conditions for travel drives of cranes
have been taken into consideration in the DIN-standard 15 450.
Therefore, cardan shafts of those applications can be selected
by using this standard.

Cardan shafts in marine transmissions

Those cardan shafts are subject to acceptance and must corre-
spond to the standards on the respective classification society.

Cardan shafts for other forms of passenger conveyance

Cardan shafts used in amusement park equipments, ski lifts or
similar lift systems, elevators and rail vehicles must be in
accordance with the standards and specifications of the licence
and supervisory authority.

Cardan shafts in explosive environments (Atex-outline)

For the use of cardan shafts in areas with danger of explosion
an EC- conformity- certificate acc. to EC-outline 94/9/EG can be
supplied. The possible categories for the product , cardan
shaft” are:

a) in general: CE® 113GDc T6
b) for cardan shafts with adapted features: (€ &) Il 2 GDc T6

The cardan shaft should not be used under the following ope-
rating conditions:

within the critical bending speed range of the drive

within the critical torsional speed range of the drive
operating angles which exceed the specified maximum
(ref.: drawing)

dynamic and static operating torques which exceed the
specified limit (ref.: drawing)

speed x deflection angle (n x ?) condition which exceed
the limit (ref.. GWB catalogue)

usage time which exceeds the calculated bearing lifetime
of the joint bearings

Selection of cardan shafts

The selection of a cardan shaft is not only determined by the
maximum permissible torque of the shaft and the connections.
It also depends on a variety of other factors. For the exact
determination and selection of cardan shafts (see selection of
cardan shafts).

Our engineers will be pleased to advise you on the selection of
the right size of the shaft and joint by applying computer pro-
grammes.

For this purpose we require the following data from you:
Installation length of the cardan shaft

max. joint angle requirement

the required length compensation

the maximum rotation speed of the shaft

the shaft end connection details

the maximum torque to be transmitted

the nominal torque to be transmitted

the load occurrences

description of the equipment and the working
conditions
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After-sales service

Spicer Gelenkwellenbau GmbH & Co. KG, E-Mail: industrial@gwb-essen.de, Internet: http://www.gwb-essen.de
P. O. Box 101362 — D-45013 Essen, Westendhof 5-9 — D-45143 Essen, Telephone: 0049 (0)201 / 8124-0

Home Country

GKN Service International GmbH
D-22525 Hamburg

Ottensener Str. 150

Tel. 040-54 00 90-0

Fax 0 40-54 00 90-43

E-Mail: gkn-ind.hamburg@gkndriveline.com
Internet: http://www.gknservice.de

Foreign Country

Argentina

Chilicote S.A.

Avda. Julio A. Roca 546
C1067ABN - Buenos Aires

Tel. 0054-11-4331-6610

Fax 0054-11-4331-4278

E-Mail: chilicote@chilicote.com.ar

Also responsible for Uruguay and Chile

Australia

Hardy Spicer Company P/L

1/9 Monterey Road

Dandenong South, Victoria 3175

Tel. 0061-3-97941900

Fax 0061-3-97069928

E-Mail: russel.plowman@hardyspicer.com.au

Austria

GKN Service Austria GmbH
Slamastrafie 32

Postfach 36

A-1232 Wien

Tel.: 0043-1-6163880

Fax: 0043-1-6163828

E-Mail: info.gknwien@gkndriveline.com
Internet: http://www.gkn.co.at

Also responsible for Eastern Europe

Belgium

GKN Driveline Benelux B.V.

Rue Emile Pathéstraat 410

B-1190 Brussel (Vorst-Forest)

Tel.: 0032-2-3349880

Fax: 0032-2-3349892

E-Mail: industrie@gkndriveline.com

Brazil

Dana Industrial Ltda.

Av. Fukuichi Nakata,

451/539 - Piraporinha - Diadema
Sao Paulo — 09950-400

Tel.: 0055-11-40755700

Fax 0055-11-40755875

E-Mail: fabricio.santos@dana.com

China/P.R.C.

Dana China Shanghai Office

Cloud Nine Plaza, Room 1103, 11th floor
1118 Yan An Road West

Changning District

Shanghai, P.R. China, 200052

Tel.: 0086-2152585577

Fax: 0086-2152580660

Denmark

GKN Driveline Service Scandinavia AB
Baldersh¢j 11 A+B

DK-2635 Ishgj

Tel.: 0045-44866844

Fax: 0045-44688822

E-Mail: ids.copenhagen@gkndriveline.com
Internet: http://www.gknservice.dk

Finland

Oy Unilink AB

Lapinrinne 1

FIN-00180 Helsinki-Helsingfors
Tel.: 00358-9-6866170

Fax: 00358-9-6940449

E-Mail: unilink@unilink.fi

France

GKN Glenco SA

170 Rue Léonard de Vinci

F-78955 Carrieres sous Poissy

Tel.: 0033-1-30068431

Fax: 0033-1-30068439

E-Mail: jeanmarie.schutz@gkndriveline.com

Greece

Sokrates Mechanics GmbH
205, Piraeus Str.

GR-11853 Athens

Tel. 0030-210-3471910

Fax 0030-210-3414554
E-Mail: sokrates@enternet.gr

Hellas Cardan GmbH
Strofi Oreokastrou
GR-56430 Thessaloniki

Tel. 0030-2310-682702
Fax 0030-2310-692972
E-Mail: hecardan@otenet.gr

Great Britain

GKN Driveline Ltd.

Higher Wood Croft, Leek
GB-Staffordshire ST13 5QF

Tel.: 0044-1538-384278

Fax: 0044-1538-371265

E-Mail: steve.witton@gkndriveline.com

India

XLO India Ltd.

80, Dr. Annie Besant Road
Worli, Mumbai 400018
Tel. 0091-22-24937451
Fax 0091-22-24934925
E-Mail: exloin@vsnl.com

Italy

Uni-Cardan Italia S.p.A.

Via Galileo Ferraris 125

120021 Ospiate di Bollate (M)

Tel.: 0039-02-383381

Fax: 0039-02-38338236

E-Mail: ids.milano@gkndriveline.com
Internet: http://www.unicardanitalia.it

Japan

Nakamura Jico Co. Ltd.
10-10, Tsukiji, 3-chome
Chuo-Ku, Tokyo

Tel. 0081-3-3543-9772
Fax 0081-3-3543-9779

Netherlands

GKN Driveline Benelux B.V.
Haarlemmer Straatweg 155-159
NL-1165 MK Halfweg

Tel.: 0031-20-4070207

Fax: 0031-20-4070217

E-Mail: industrie@gkndriveline.com

Norway

GKN Driveline Service Scandinavia AB
Karihaugveien 102

N-1086 Oslo

Tel.: 0047-23286810

Fax: 0047-23286819

E-Mail: ids.oslo@gkndriveline.com
Internet: http://www.gknservice.no

Russia-Ukraine

KANDT KG (GmbH & Co.) APA GmbH
Robert-Koch-Stralte 36

D-20249 Hamburg

Tel.: 0049-40-480 614 38

Fax: 0049-40-480 614 938

E-Mail: info@apa-hamburg.de

Internet: http://www.kandt-hamburg.de
Internet: http://www.apa-hamburg.de

Sweden

GKN Driveline Service Scandinavia AB
Stensatravagen 9

P.O. Box 3100

S-12703 Skarholmen

Tel.: 0046-86039700

Fax: 0046-86039702

E-Mail: ids.stockholm@gkndriveline.com
Internet: http://www.gknservice.se

Switzerland

GKN Service International GmbH, Rosrath (D)
Zweigniederlassung Regensdorf

Althardstrafde 141

CH-8105 Regensdorf

Tel.: 0041-1-871-60 70

Fax: 0041-1-871-60 80

E-Mail: gkn.switzerland@gkndriveline.com

Spain

Gelenk Industrial S.A.

Balmes, 152

E-08008 Barcelona

Tel. 00349-3-2374245

Fax 00349-3-2372580

E-Mail: javier.montoya@gelenkindustrial.com

South Africa

Mining Power Transfer (Pty) Ltd. (T/A)
Driveline Technologies

CNR. Derrick & Newton Roads

Spartan, Kempton Park

P. O. Box 2649

Kempton Park 1620

Tel. 0027-11-929-5600

Fax 0027-11-394-7846

E-Mail: richard@driveline.co.za

USA, Canada

Spicer GWB North America
Merovan Business Center

1200 Woodruff Road

Suite A-5

Greenville S.C. 29607

Tel. 001-864-987-0281

Fax 001-864-987-0295

E-Mail: dudley.potter@dana.com
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