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« AOPDs(IEC 61496-2)
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« VBPDPP (IEC/TS 61496-4-2)
« VBPDST(IEC/TS 61496-4-3)

2) EABAM< v EAERFMTAO7T (1ISO 13856-1)
3) EF R /EHI % E (1SO 13851)

4) A B3—AyI{FEH—F(ISO 14120)

5) FREXRUVRBREXDOI UV IIVIRERIHEE

(Hand- and foot-operated single control devices)

6) R =EEF BN ERIEHEE

(Safety-related manual control device, SRMCD)
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3.1.8
separation distance (fRBFE &)
3 minimum distance (gx/NEERE) MO EHE.
¥ 1SO 13857 M) safety distance (B2 iEEt) LR&FRETHS
safe separation distance (X2 7ifmaHt IERE) EX RIS E.

3.1.1
overall system response time (¥8 & ¥ AT LG EBFR)

% overall system stopping performance ({8 &S X7 L= 14 EE)
MoZEHE.

Achieving the intended risk reduction

(BRI BHIRVIERDERK)

2 Termination of the hazardous machine function
(R EEDIR L) N EE

3.1.18
stopping distance ({& 1t 2 ##)
[FTFREM] TLBEDRENLERT DR VERMDERFETHM

X EBOERTUNBNTOTLERT DR VERIZERSND
RRLHYIFS.

3.1.2
response time (& & FH)

[#75R:E00) RE[HEITZRIEBDIGERR, IEC61496-10)3.21{&1E.

3.1.9
reaching distance associated with a protective device
(REEREICEET DEIZEERE)

X intrusion distance (1R A IEEE) Mo EH.

3.1.14
safety-related manual control device (%&£ BE&E F 815 1 Fil &0
#%E) SRMCD
[#TFREM] TORETESLIZURINEXRTHIADERILIZIEEEZLE
ETHETE SN EHIEHEE.
X Utyh, BER), T—FOOYIBREETIHDOHLAEY, ELI4F
RAYF, T—RRELEEE,
X R RIEE TR LR EEH LT 510 “RIZ " NAEAIND.

3.1.15
single control device (2% JUIE{EFITHEE)
[#TFEM] BRGEMIEREZIRE T A-ODRFERIIFBRTOEEZ
WHEETDHETESNT-IREFIHEE (BIET LB ITZEZRET D).
X ARESN TUV ORI EIRGHEMAEREZE FlE T A R I —EDIRET L
[C—EEDEMEEITIIIITERETSINTILARIY, T—IRFLAGE.
X WEVATLIGERMEICIHC-“fRBEEERE A EAINS.

3.1.4
effective detection capability (& HREH)

[FrFREM] EEDFEEZEIESEIT, 1VTITL—2DKRET HREH
BEDRFE.



JNIOSH

il

\/ 4 73iKEm

m KEEDERK
4.1 —f%
4.2 #HIlmEEEEEE R U ENRIfRRE Bk
4.3 E¥EM
4.4 %7€

45 EFTODTIERIZIRZRHESPEDYFEEKREIE

451 —#%
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453 B—E—LDEZEIZHT 5EMEREIE
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4.8 & & &8 D i fH

(Speed and separation control: SSC)
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Select appropriate

safeguard

Does type-C
standard refer to

Apply requirements of
type-C standard

Does applicable type-C

standard exist? SO 13855 for the

application of the
safeguard?

Confirm that application is
within assumptions of this
document

i

Identify the hazard zone(s)
associated with the safeguard

i

Determine separation distance
between the detection zone and

the hazard zone(s) according
to this document

Apply additional protective
measures to prevent reset/
restart with persons inside the
safeguarded space

Is whole body access
possible / applicable?

Separation distances of
this document do not apply for
the detection of the
presence of persons to prevent

Identify the SRMCD(s)
associated with the safeguard
intended to prevent reset/restart

Detection of persons
within the safeguarded
space applied?

unexpected start-up *

{

Determine reaching distance
between the safeguard and the
SRMCD(s) according to this
document

Are the separation Is modification

NO NO

of the considered
safeguard possible?

and reaching distances
feasible?

Figure 1 - Methodology
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m 4.2 FRROFREERERE B OB R FR A PR

% B[ B TR 2 (Static separation distance)

fERIR (FR) RIIHEBBEARDEEIZERLT I, BIRREO &K
KIEREDBEAFRTEFHER. —RATEFBERSITHE.

= HERDO S BEARMIZETE DM - S5 is<E A

B 11 P B PR 2t (Dynamic separation distance)

BERFEDREHERDIFROMNERVRE VAT LILEREN
TOBHEICHLT, BRIFENBIZETNRGERDERTEFS
. BRREOAME, EERMFIEFEICHLERESRAT A
WERBABRM TR NIEERSL0. FFMITESF6IRE.

= RO  BEMEW, HEEEREENOY=_EaL—4
HEIZEAA.

m 4.3 HEFR

BEOERD, ADNEEILDETHY, RERBOEIOES

EHB T LLRXITHEEIIRST, BREETSVTA—

LB EEMICHYES.

= FE3RTIE, BEREXIISRMCDIZ7Z 1R T3, FO#
BETCRTYILREDEREXZ LY TYT BIEAICTHEHE
EDFNAEEE,

m 44 KFE
ISO 13857 [Z{ifiLy, CHOIREMHIRET AFHZFFIE.
Bz 1,

o BIZEFERE D DIEIK, 14U ED AD 5% ILIEHS 95 %21 JLIE
FTOAMNKTET—FERAVTEDI-.

« COMBTIHFITFHOT—REANTULVGLY. FHOHEIEE(ZR
T EHEMKMGT —ANFIATIREICGAET, BFREtE(E, FHRITEYHRS
BE RETOIDNENDEEZRBLTHET HDOMNEFLL.

« REMHEMIE, BRRKIEXIESRMCDIZX LB G E B HRE &R D.

« BREE, REHEYDOHEDIRENLERT HRAVIERDZERK
FTOMIC, TEHEYICHLT, TOMEZEZDAREMENHD
(- FEHORYR).

e NMF, ZEMHEYMHLICXIIFAOESZELT, EEICREL-RE(E
MR X (L SRMCD) IZEBEL XS5 ET 5.

« NIEEMEEMLUKITTOD(KLEY, BREFEFLLY).
cBFREBFOIIGEEEELETI SRR IEALLGN

cREMBEYDERITRUFESRIEFLESZET, RELEREICHEAL
AAY

s LN EKEEEZERISEXXIEITEDLSUGHMZFREIERALGL.

etc...
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Table 1 - Determination of reference plane with elevated surfaces
when reaching toward hazard zone or SRMCD

Width of step from edge to detec-

Height of step .
tion zone
Direction of approach| SPE location to step i w.
S s
<50mma =50 mm?
In front 21000 mm A A
‘ [see Figure 2 a] <1000 mm A A
Stepping up
At or behind 21000 mm?b B B
[see Figure 2 b)] <1000 mmb A C
In front 2500 mm ¢ D D
[see Figure 2 c)] <500 mm¢ E E
Stepping down -

At or behind 2500 mm ¢ D F
[see Figure 2 d)] <500 mm ¢ E G

Scenario Possibility of access Reference plane
A Undetected access to higher surface not possible Lower surface
B Access to higher surface not possible Lower surface
C Undetected access to higher surface possible Higher surface
D Undetected access to lower surface not possible ¢ Higher surface
E Undetected access to lower surface not possible Higher surface
F Undetected access to lower surface possible 4 Lower surface
G Undetected access to lower surface possible Lower surface

4 50 mm value derived from P5 heel width given in DIN 33402-2:2020-12, Table 60.
b 1000 mm value taken from I1SO 13857:2019, Table 1 (Note a) and Table 2 (Note b).

¢ 500 mm presents risk of falling; value taken from 1SO 14122-2:2016, 4.2.3.

d  SeelSO 14122-2 for further information for other means to address additional falling hazards.

(Dps) | KxT+Z
DDS KNT-'-Z w 3 0 DI:IS |
3 N |
| (Dps) | KxT+Z
0
DS
WS =0 --—n-‘
7 BB
S 3§ 1
| 1
j % |
l I"I/S /
—
2 n
\ R
S NN
b) Stepping up [SPE behind (or at) the step]
c) St step]
Key
1 higher surface Hs  height of step
2 lower surface W width of step from edge to detection zone
3 direction of approach Dps reaching distance associated with a protective device
4 nearest point when approaching an SRMCD K approach speed
5 nearest point when approaching a hazard zone T  overall system response time
6 hazard zone Z  application-dependent supplemental distance factor

Figure 2 - Representation of elevated surfaces for determining reference
plane when reaching toward hazard zone or SRMCD

¥ ZCTlE, LY TYE—STISHHR T IV AD A REENEIFTEN TLNS.
¥ 50mm, 500mm, 1000mm [ZDWTIEXMEE G TfESR.
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m 45 EBTOT7IERZHEETHESPEDEKEIR

FEEHIZHRELI- ESPE N, REDXULAIT, £BTOT7IEADEH
FIFIZEREINBSEIZOLT, £2HRD 6.2.2 RUMBEE E Z#HEL
f-ET B—E—LDERAEHLEREFEM ERFEARDONT-.

= FMIIMEREZCIZHE.

m 4.6 SRMCDA~MDZIEIEE

L EFHEBEORNEINSD SRMCD DEERIET S1=6I2, ZE
EE B Dps DAV ThENLRL, BERBET RLEVERRE"EH
5ER57 % “SRMCD”IZFHRAEZ T Dy AT HENRESIMNT-.
> BEGEBEEHAICEFTOTIERAMNEEE, D, FHERMEE
CTUWEWMSEITER. 458, 9RU 12 1ZBE:E.

B 47 BRAMREEEDRE RIS AR

RHEREISH L TEELGER, FAGEE, AEEZHEaENTN
ETNIZELT, BT, 8, IDILMINESEHBZIEE. £2MmD6.1.1
EU6.lLAnASnEERINE.

m 4.8 R[E LEFRDH|{E (Speed and separation control : SSC)

HHBEARXIZZORAHE D EIREEEDERE X (LN EZ &Y ZH
L CEEZoD SRR "2 HIFTH_ETIRIVEBERERS
SSCIZEHL T, ROREEKEIEXIETE.

9|

N Tz 900mm
;ESPE beams

J

< 400mm?*%

's 200mm*

ALY <} Reference plane

X EFXRRADRKRIZEVNT, YAIVTEAAVIDHRRFBTINSGES, BEREOD

& FinzE300mmeL THELY.

XX BRREADT I EXICEEES0mmKiE, BEF300mmBOBREEZELINE
HHAHIHEE, 500mm ELTHLLY. CODEE, JFEHIITEAS 900mm LLEE

L, & FimlE E@mHS200mm ELLEITNIXESIELN.

Figure 3 - Example of multiple beam system used for whole body access

B —F—LOBEE (TableC.1 &YikE)

X 1 BE/BA O TS
Bt — LORE el 58 eI
=S h g w
AT IR ;:
EEFEMSEE 200 mm | - ooomm | >300mm 1
EESH > 500 mm < 300 mm W
w/2
FATHEA FI#Z5 A &B
@2 240 <@ <500 mm
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B BE—E—L BUWEHEND A L120mmEBRITKREZDEHRE—L
(KEHDHBRUVSEEZEDLGNREERAOLDFTS)

HARMIZIIRCIDEZERT S. RC.2DIE
X, EXAOBETRHWAIEETHLT, D,
JROTRRAAVEDIERFRINDIGEEIT
FERALTHELLY.

-
T = 900mm
ESPE beams
S
S
S
<
Vi
J A
- < 200mm

IR TITTOTIR eference

Figure 3 - Example of multiple beam system
used for whole body access

Table C.1 — Heights above and parallel to the reference plane

Number of

Heights above and parallel to the reference plane, unless

Applicable only for openings

beams otherwise noted with dimensions
mm mm
Beam 1 Beam 2 Beam 3 Beam 4 Height h Width w
4 200 500 800 1100 unrestricted unrestricted
3 200 600 1000 unrestricted unrestricted
2 200 400 <600 unrestricted
200 <500 > 300
. vertlcwaflé)eam, > 500 <300
0/2 f 2405@350_0 ‘
or round openings

Table C.2 — Alternative heights above reference plane for industrial applications where allowed by

arisk assessment
Nli)mber of Heights above and parallel to the reference plane Applica_ble o_nly fm; opf:-nings
eams with dimensions:
mm mm
Beam 1 Beam 2 Beam 3 Beam 4 Height h Width w
300 600 900 1200 unrestricted unrestricted
300 700 1100 unrestricted unrestricted
200 400 <600 unrestricted
200 <500 > 300
) vertiis/lzt)eam, > 500 <300
0/2 24002 < SUQ
for round openings
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" 45 EHETOT7ILRAERLET HESPEDEREIR D kel

FEEHIZHRELI- ESPE N, REDXULAIT, £BTOT7IEADEH

FIFIZEREINBSEIZOLT, £2HRD 6.2.2 RUMBEE E Z#HEL
=T B—E—LDOBERAFHLEEZEM, BERBENRDLONT-. 3}"‘ '

= FMIIMEREZCIZHE.

Hor
H

m 4.6 SRMCDA~MDZIZEIEE#

ZEHEEBEDORNEINSD SRMCD DEEEFHIET 51012, FE
BEBE Dps MOV ETREYRRL, ERBET RLAVERRE"EH
5ER57 % “SRMCD”IZFHRAEZ T Dy AT HENRESIMNT-. R

= REMEBERICESZSTOT VAN EE, MO, FHERIMESE

CTOENE S IEA, 548 9 RU12(-EE. Dos
B 4.7 BREMREZEEDKRERXREBIZxT S ATR SRMC\:.DL:::C

BRHEREICH L TEELGESA, FT0EE, AT EENTH
ETNIZELT, BT, 8, IDILMINESEHBZIEE. £2MmD6.1.1
EU6.lLAnASnEERINE.

H, ELTHS

m 4.8 R[E LEFRDH|{E (Speed and separation control : SSC)

W (A R DR BB D BB OO R A B 1B v : \\\
MLTEEOD BNRMEL EH BT ST L TURVIERERS I \

SSCISBLT, ONEERBREHE. SRMCDA~DEEREED#EA (150 13855:2024, Figure 11 [Z/N%E)
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R S=(KXT)+Dpe+Z

5.2 [mifrEsEE S

5.3 BEE K

5.3.1 AAD#EIIERE

5.3.2 B OEIIERE

5.4 EVATLIGERMET

5.5 {REZKE(CEEL-FZEERE Dy

55.1 —fig

552 REWEEZIRHT HIGE DI ZEEH

5.5.3 R&fEMZETIETHLTRIERIEIC
BERREL IS & D BE IR A

5.6 # IR Z

HITBUEN

HER LW ELTORN
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S :FrBtEERE (mm)
K: NMAXIEAARELLDIERREDT—3H 5
BN=ZEH (mm/s), 5.3 S8
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separation distance with dynamic approach

change in position of the hazard (distance travelled by the machinery from T}, until the intended risk reduction is:
achieved at T;) from its initial speed v, the deceleration (braking capability) d, and the overall system response time:

T'according to Formula (7)

change in position of the person (distance travelled by the person from T until contact at T, and the intended risk
reduction is achieved), assuming a constant (maximum) speed of the person (S, =K x T)

time at which the safety function is triggered at position P,

time at which the intended risk reduction is achieved; therefore T'= T, - T, where T'is the overall system response:
time

origin of coordinates

position of the person when the safety function is triggered at time T,

position of the machine hazard when the safety function is triggered at time T},

position of the machine hazard when the intended risk reduction is achieved (hazardous function terminated, e.g.
the contact between robot and person does not lead to harm)

approach angle of the hazard (to X-axis as reference. For simplification a = 07)
approach angle of the person (to X-axis as reference)
angle between the movement of hazard and movement of the person

Figure 5 - Approaching direction
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Figure 8 - Detection zone angled to the direction of approach
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Figure 9 - Consideration of all reaching factors for an orthogonal approach to a vertical
detection zone (applies to protective devices as well as SRMCD)
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2 reference plane
3 nearest point
S separation distance

K approach speed

T overall system response time

Hy height of the hazard zone from the reference plane

Hpr  height of the upper edge of the detection zone from the reference plane

Dpo  reaching distance over a vertical detection zone

Figure 11 - Reaching over a vertical detection zone
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Table 2 - Reaching over the vertical
detection zone of ESPE

Height of the Height of the upper edge of the detectionl
hazard zone H
from the refer- DT
ence plane 900 1000|1100 |1200|1300|1400(160
Hy Reaching distance over a vert
Dpo
2 6007 0 0 0 0 0 0 0
2500 400 400 350 300 300 300 30C
2400 550 550 550 500 450 450 40C
2200 800 750 750 700 650 650 60C
2000 950 950 850 850 800 750 70C
1800 1100 | 1100 | 950 950 850 800 75C
1600 1150 | 1150 { 1100 | 1000 | 900 850 75C
1400 1200 | 1200 [ 1100 | 1000 | 900 850 65C
1200 1200 | 1200 | 1100 | 1000 | 850 800 0
1000 1200 | 1150 [ 1050 | 950 750 700 0
800 1150 | 1050 | 950 800 500 450 0
600 1050 | 950 750 550 0 0 0
400 900 700 0 0 0 0
200 600 0 0 0 0 0
0 0 0 0 0 0 0
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height of the upper edge of the protective structure from the reference plane

AN
Hy height of the hazard zone from the reference plane
Hgr
Dgo  reaching distance over a protective structure

Figure 12 - Example of reaching over the vertical detection zone of ESPE

combined with protective structure
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300 | 1400|160
stance over a vert
Dpo
0 0 0
00 300 30C
50 450 40C
50 650 60C
00 750 70C
50 800 75C
00 850 75C
00 850 65C
50 800 0
50 700 0
00 450 0
0 0 0
0 0 0
0 0 0
0 0 0




1

) 8 iR

JNIOSH

m 8.3 EERHREZEBET HHEE

Figure 13 - Reaching through a vertical detection zone
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Dpy reaching distance under a vertical detection zone

Figure 17 - Reaching under a detection zone with orthogonal approach
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Figure 18 - Reaching under a vertical detection zone with
an additional protective structure
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NOTE S and Z are shown only for the minimum distance applicable to the AOPDDR (laser scanner).

Figure 21 - Separation distance for parallel approach
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Figure 21 - Separation distance for parallel approach
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Figure 22 - Minimum depth of detection zone
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Figure 23 - Separation distance for two-hand control devices
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Figure 26 - Example of interlocking guards
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Figure 27 - Variables for determining opening (e) for an interlocking guard
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Actuating angle of an interlocking device with rotary cam actuated posi

Width of the @
interlocking
guard 30 4° 50 e | 7 8°
Gy Sum of opening size and thickness of interlocking guard
mm b = Gy x sin (w)
mm
100 52 7,0 8,7 10,5 12,2 13,9
200 10,5 14,0 17,4 20,9 24,4 27,8
300 15,7 20,9 26,1 31,4 36,6 41,8
400 20,9 279 34,9 41,8 48,7 55,7
500 26,2 349 43,6 52,3 60,9 69,6
600 31,4 41,9 52,3 62,7 73,1 83,5
700 36,6 48,8 61,0 73,2 85,3 97,4
800 41,9 55,8 69,7 83,6 97,5 111,3
900 47,1 62,8 78,4 94,1 109,7 125,32
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