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Up to 100 PSI
Bore Sizes °@" through 2 1"
Strokes to 196"

=MMiller .




AV Series Cylinders BT & BTM Series Cylinders
Up to 250 PSI Permanently Lubricated Up to 250 PSI

Series AV air cylinders are available in bore sizes Our BT & BTM Series Air Cylinders are available

from 1-1/2" through 14" and up to 250 PSI operating in bore sizes from 5/16" through 3". Operating
pressure. Standard NFPA dimensions and proven Miller pressures up to 250 PSI. 28 available mounting
design features. styles.
IPA Series Cylinders HV2 Series Cylinders
10 BAR 3000 PSI

Up to 10 BAR pressure. Bore sizes 32mm through MillerOs heavy-duty cylinder line for demanding
200mm. Meets and approved to GM pneumatic cylinder hydraulic applications. Bore sizes from 1-1/2" to 8".
specifications CC-001. VDMA 24562 and 1SO 6431
compatible.

/AWarning

FAILURE OR IMPROPER SELECTION OR IMPROPER USE OF THE PRODUCTS AND/OR SYSTEMS DESCRIBED HEREIN OR RELATED ITEMS CAN CAUSE DEATH, PERSONAL
INJURY AND PROPERTY DAMAGE.

This document and other information from The Company, its subsidiaries and authorized distributors provide product and/or system options for further investigation by users having technical
expertise. It is important that you analyze all aspects of your application, including consequences of any failure and review the information concerning the product or system in the current product
catalog. Due to the variety of operating conditions and applications for these products or systems, the user, through its own analysis and testing, is solely responsible for making the final
selection of the products and systems and assuring that all performance, safety and warning requirements of the application are met.

The product described herein, including without limitation, product features, specifications, designs, availability and pricing, are subject to change by The Company and its subsidiaries at any
time without notice.

Offer of Sale

The items described in this document are hereby offered for sale by The Company, its subsidiaries or its authorized distributors. This offer and its acceptance are governed by provisions stated
on a separate page of this catalog in the document entitled OOffer of SaleO.
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Miller SRL2-M Series
Rodless Cylinders

Space Saving/Low Profile

High speed operation. No lubrication required.

Bores: 16mm f&J nominal) Strokes: To 196 inches
20mm ¢J nominal)
25mm (1" nominal)
32mm (2J nominal)
40mm () nominal)
50mm (2" nominal)
63mm (2 nominal)

Dust wiper Large work table

keeps dust from accumulating ~ With four strategically placed mounting holes
between table and tube. ensures a high degree of stability and
flexibility.

Dust-seal belt,
located above the pressure seal belt, prevents
contamination from entering the cylinder tukg,

Slit-type design
incorporates a urethane pressure seal belt to
provide a positive seal between the cylinder e
tube opening and the oval positiof— ;

Additional ports in
one end cap
for optional piping
location.

NOTE: END CAP PORTS { ‘(
SHOWN ON THIS VIE ; \
ARE FOR REPRESEN \\
TATION ONLY. ACTUA
END PORTS ARE AT N
OTHER END OF \
CYLINDER IN RELATIONYES \
TO STANDARD SIDE s \\
PORTS AND END PORTS
ARE NORMALLY
FURNISHED PLUGGED.

Integral switch mounting rail
provides convenient mounting location for
position sensing switches. Switches availab
include Solid State and Reed, AC or DC, wi
or without indicator lights. Bi-Color switches
are available with 2 indicators to identify wh
maximum efficiency of contact is made.

Adjustable cushions
for deceleration at end of stroke are standard.
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High Load Bearing Capacity

Spring-loaded tension arms

located on the work table maintain constant
pressure on the dust seal belt to ensure
external sealing protection.

Magnetic pistons

are standard so that position sensing switches
can be added at any time without modifying
the cylinder.

Compact yoke

construction allows for reduced piston length

resulting in reduced overall cylinder length. Oval Piston Design

Oval piston design provides greater lopd
carrying capacity than typical rodless
cylinders with round pistons.

Unique oval piston design
dramatically reduces overall cylinder height.
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SRL2-M Rodless Cylinder
Features and Benefits

The SRL2-M Rodless Cylingaovides increased performance in addition
to offering more options.

Adjustable stroke and shock absorber option availableTwo sets of port locations standard. One side port at
for full cylinder stroke. each end and both ports in one end cap.

A large variety of cylinder switches are available in ~ Large table with 4 threaded mounting holes insures
reed or proximity type with 5 meter wire length. stable and firm mounting of tooling.
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NOTES
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Dimensions (¢, 16~¢,20)

SRL2-M 00 w/Cylinder Switch

LL + STROKE
L + STROKE LA
J TA ) ]
|HB, T8 HB
HA HA
VERTICAL (V) T
LEAD TYPE 4-TE DEPTH TL DC
SWITCH r— .
(see page 10) N Hi :El T 1ol ré} 2PLUG
] I L ) =
© € © l“\ ®
e

[a] *Oxé‘ D o)
><1_><1__L/ 4
HEX SOCKET HEAD Bﬂg

4M
4-M DEPTH

<)
HD 23.5 2.5 HD \_2-Q(PLUG)

E|F K STROKE J 2-0 F
P + STROKE

]
im

L SIDE R SIDE

HORIZONTAL (H)
LEAD TYPE
SWITCH

(see page 10)

I
L

i
(o]

HD and RD Dimensions Indicate Maximum Sensitivity Mounting Position For End of Stroke

Boe rm) | A | B| c|oAl o ¢ & F & ha kB |3 [k [ [w|wa| M| r|ro] o TA T £ o TE

16 inches | 1.46| 0.471 1.46 0.4y 085 047 0/34 0[35 106 .24 .55 (0.69 [2.24 |5.87| 5.98| 0.12 _ 5-40 5220 0.83 3.47 189 126 0.59 51- 10 0
mm 37 12 37 12 14 12 8.5 9 27 6 1 175 57 149 152 3 N 6132 | 21 M5 88 48 32 15 N 5

20 inches | 1.73| 0.5 1.65 055 0.43 0.63 0/41 045 122 34 D.73 |0.87 |2.46 | 6.65| 6.75| 0.1 8-3258326 0.97|1/8NPT 3.94| 2.36| 1.50 0.7 8132 0.7
mm 44 14 42 14 16 16| 10p 115 3 855 185 22 6R5 69 1715 (25 N |68B8 | 24.5 100/ 60 38 18 N 6

Switch LB. Mounting LB 1 Mounting

B L e s T MGVPF“’MH sal sBl TR Ul Vv w MB 9asB| Te| ™ Ul V] W MC

16 inches | 0.91| 043 026 016 N| 1.85 264 1.04 1.J0 1|38 102 32 024 (016 [6.34 | 014 N |13®2| 024 169 024 0.16 634 013 5-401" LG!
mm 23 11 6.5 4 |M3x20 47 67 | 26.5| 28 35 26 8 6 4 161  3.pu3xid 35 26 6 43 6 4 161| 3.4

20 inches | 1.10| 0.63 024 02p N| 2.0f 285 116 1.p2 169 1230 39 024 (024 [7.13 019 N |16®| 0.32| 197 024 028 7.143 0.18 8-38'LG
mm 28 16 6 5 [M4x25| 52.5| 72.5| 29.5 31 43 33| 10 6 6 181  4{M4ax1q 43 33 8 50 6 6 181 4.5

SRL2-M LB

WITH FOOT BRACKET

W + STROKE

HEX SOCKET
HEAD BOLT See page 20 for

end port usage

SRL2-M LB1

WITH FOOT BRACKET

" 2-Q (PLUG)
ZePe W + STROKE 2-Q (PLUG)

HEX SOCKET
HEAD BUTTON
BOLT
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Dimensions (¢,25~¢,63)
LL + STROKE
L+ STROKE

SRL2-M 00 w/Cylinder Switch

4TE?TL

VERTICAL (V)
LEAD TYPE
SWITCH
(See page 10) HEz;’\gOCKET HEAD BOLT 2-Q PLUG
4-M DEPTH N
P + STROKE

L-SIDE R-SIDE
HORIZONTAL (H)
LEAD TYPE
SWITCH
(see page 10)

HD and RD Dimensions Indicate Maximum Sensitivity Mounting Position For End of Stroke

Bore mm)| A| B C| DB DG Db E F G HA HB |[HC|J | K| L [LL| LAl M| MA| P| Q| TA TB TC TD TE |TL
o5 [inches | 209 067 20p 079 102 OF5 0] 439 159 p.30 P79 |0.74 |095| 2.80| 7.48| 7.541/42080.35 6.38|LBNP[ 4.80| 2.76] 1.89 0.79 10-24 0.32
mm | 53| 17| 53| 20| 26| 19| 14 10 4055 75 2p 189 24 p1 190 192 |2 |9 M5x30| 162 122| 70| 48| 20 8
gp [ches | 260 073 224 126 106 0p3 0j50 Q51 171 p.39 P93 |0.85 |110)335| 890 9.0 11049 0.35 7.72|14NP 5.28| 3.15| 2.21 0.791/4-20] 0.35
mm | 66 | 185 57| 32| 27| 21 1§ 13 4355 1p 235 205 P8 B85 226 2285 |25 | 9 [M530| 196 134| 80| 56| 20 9
4o |Imches | 315 087 264 142 138 100 0/67 455 203 D51 [1.02 [1.06 |122 | 358) 9.61] 9.71 5619047 8.27|1/4NP 5.83| 3.54| 2.69 1.181/4-20 0.43
|mm 80 | 22| 67| 36| 35| 28 17 14 515 1B 26 47 31 91 244 2865 [25 |12 MB35 210 148| 90| 68| 30 11
5 linches | 378 1.1 328 177 148 1B8 olor d63 40 bp59 30 |1.39 |1.54] 3.54] 10.14 10.2bsm0.800.47 8.35/3/8NP[ 5.98| 3.94| 3.19 1.18516-18 0.51
|mm 96 | 28| 82| 45| 35| 35 23 16 6] 15 38 393 39 90 258 2605 [25 | 12 [M85| 212 152| 100, 80| 30 13
linches | 4.69 1.3¢ 374 197 144 15 ofrs 79 491 p59 .26 |1.69 [1.54 | 4.20] 11,69 11.75301D0.59 10.163/8NP[ 6.61| 4.33| 4.02 1.58s/16-18 0.51
[mm J118] 35| 95| 50| 39| 42| 19 20 74 15 3p 48 3o 1po 2p6 2985 5 | 15 [Mexas| 258 168| 110, 102 40 13
Switch LB. Mounting LB 1 Mounting
Bore (mm) | XA| XB| XQ Xk | ppt—FE—tsa| se| TH U M W X % kew|sa| s 14 Ty W kK Mg
o5 linches| 150 091 02p 188 286 3p3 1)36 442 205 .79 [0.47 |0.35 043|819 0.28~ i 1.97] 0.79] 0.39 24§ 035 043 819 0.28:20x12LG
mm | 38| 23| 55| 40| 60 8] 345 3¢ 52 20 1 b 11 28 [7 N M50 50 | 20 | 10| 63| 9| 11| 208 7
g, |inches| 189 09§ 024 1§ 291 378 1)63 460 252 126 [0.47 |0.35|043) 961 0.28~ I 2.52| 1.26| 0.39 2.64 0.3p 043 9.1 0.28+20x12LG
mm | 48| 25| 6| 47| 74| 96| 41p 49 64 3 1 9 11 W4 |7 W60 64 | 32 | 10| 67| 9| 11| 244 7
4o |inches| 236 118 028 228 35 4p2 1j91 497 315 142 0.59 |043]035]10.47 039 05 0N |N [N N N N N N
mm | 60| 30| 7| 58/ 80| 102 485 5¢ 8 3 U5 11 p 266 |9 3 @Sy N [N [N [N N N N
5o |nches| 291 143 03p 26 341 3p8 222 328 $70 .77 0.79 |043]0.35]1107 039 os] odii [N [N R N N N N
mm | 74| 36| 10| 70| 79| 101 565 54 94 45 Z0 11 P 280 |9 [p3 |y N [N [N R N N N N
g3 |inches| 3.78 169 0.55 394 386 4y2 2/66 372 4.57 197 |0.98 |051]047]126§ 043 06 o4N |N [N RN N N R N
mm | 96| 42| 14] 90| 98] 120 e7b e 1l6 s 25 {3 12 32 1 Iss5 [wed f [f |8 R N N N N
CT'BORE DEPTH XG
SRL2-M LB
WITH FOOT BRACKET
HEX SOCKET HEAD BOLT
W-STROKE
See page 20 for
end port usage
SRL2-M LB1
WITH FOOT BRACKET
2-Q (PLUG)
4-MC HEX SOCKET HEAD BOLT 2-Q (PLUG)
W-STROKE
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Cylinder Switch

Large array of Position Sensing Switches can be easily mounted on
standard SRL2-M rodless cylinder

1. Proximity Switch

- Highly reliable detection

- No internal moving parts

- Eliminates chattering

- Faster wiring time. M2V5,
M2H5, and M2WV5, switches
are 2-wire type same as reed
switches.

- M2V5, M2H5, and M2WVS5,
switches can be connected
in series.

2. Proximity Switch with 2-color
indicator

- Easy mounting and adjustment

- Green light indicates the most
effective mounting location

- Provides faster switch
placement

3. Reed Switch

- Used for both AC and DC

- Same switch used for both
AC/DC relay and for
programmable controller




Miller SRL2-M Series

Rodless Cylinders

Switch Specifications Chart

Contactless Switch Reed Switch
Model M2V5, M2H5, M2WV5| M3V5, M3H5 M3WV5 MOV5, MOH5 M5V5, M5H5
Application Programmable F_’rog_rammable controller, Relay Prog. controller, Relay Prog. controller, Relay,
controller IC circuit, low wattage solenoid valve IC, w/out lamp
Supply Voltage N 4.5-2.8VDC 10-28VDC N N
Load Voltage, Current| 10-30VDC, 5-30mA| Below 30VDC, Below 30VDC, 12/24VDC, 5-50mA 24VDC, 50mA
below 200mA below 150mA 110 VAC, 7-15mA 110 VAC, 15mA
: Joma it ghton | Below 15ma : N
Internal Voltage Drop Below 4 Volts Below 0.5 Volts Below 2.4 Volts 0 Volts
Lamp LED light w/out lamp
Current Leakage Below 1mA Below 10pA 0
16' (5v) 2 wire 16' () 3 wire 16' (5v) 2 wire

Lead Wire Length

oil resistant vinyl cable

oil resistant vinyl cable

oil resistant vinyl cable

Shock Resistance

100G

30G

Insulation Resistance

Greater than 100M(with megger at 500VDC)

Isolation V Resistance

No malfunction when 1000VAC is applied for 1 min.

Ambient Temperature

15jF to 140jF (-10;C to 60;C)

Protection

IEC code IP67, oil resistant

How To Order

Switches and brackets are available as complete assemblies. To order, specify quantity and switch model nu

Model Switch Type Lamp
715-SRL2-M2V5 Solid State LED
715-SRL2-M2H5 Solid State LED
715-SRL2-M3V5 Solid State LED
715-SRL2-M3H5 Solid State LED
715-SRL2-M2WV5 Solid State Bi-Color
715-SRL2-M3WV5 Solid State Bi-Color
715-SRL2-M0V5 Reed LED
715-SRL2-MOH5 Reed LED
715-SRL2-M5V5 Reed not available
715-SRL2-M5H5 Reed not available

Switch Electrical Schematics

Mounting lead wire holders (page 10)
are sold in packages of 6 pieces and
can be ordered by specifying

Part No. 715-SRL2-LEAD-HLDR

M2V5, M2H5, M2WV5

Brown(+)

Blue(-)

M3V5, M3H5, M3WV5

Brown

Power Supply(+)

Black (output)

Blue(-)

MOV5, MOH5

Brown(+)

Blue(-) | Brown

M5V5,

M5H5

Blue
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Operating Range

(1) MOV5, MOH5, M2V5, M2H5, M3V5, M3H5, M5V5, M5H5: The
operating range is the distance, when the piston moves, between
one position where the switch first turns on and the other position in
the same direction where it turns off. The mid-point in the operating
range is the most sensitive position and the switch should be
mounted at that location.

Hysteresis Hysteresis

Operating Range

Operating Range, Hysteresis

(2) Proximity switches with two-color indicator, M2WV5, M3WV5:
The operating range is within the red-green-red lights on. The green
light shows the best mounting range.

Red Green Red

Operating Range  Green best mounting range

Hysteresis

Hysteresis is the distance, when the piston moves, between one
position where the switch first turns on and the other position in the
opposite direction where it turns off. Switches should not be located
in this area.

Bore Operating Range (in) Hysteresis (in)
Size Proximity Switch Reed Switch Proximity Switch Reed Switch
(mm) M2V5, M2H5, M3V5, M3H5 M2WV5, M3WV5 MOV5, MOH5, M5V5,|M5H5  M2V5, M2H5, M3V5, M3H5  M2WVE, M3WV5  MOV5, MOHS, M5V5, M5H5

16 157 - 512 157 - 472 .118 - .433

.060 .040 120

20 157 - 512 157 - .472 118 - .433

25 374 - 610 .354 - 551 .335-.531

32 .295 - 591 .315-.551 .276 - 531

40 453 - .689 .394 - .650 .394 - .630 .080 .060 .140

50 .650 - .945 551 -.827 571 - .846

63 .630 - .945 .551 - .827 .551 - .846

Vertical (V) Switches Horizontal (H) Switches
< 0
@ N -
No®
22
15 -
g8
7% 2 e
4
39 -39
93 35 1.04
() Brackets indicate dimension for bi-color switch

Movement and Replacement of Switches, and Mounting and Removal of Lead Wire Holder

Moving Switches
Loosen the flat head screw on the switch
fixture. Move the switch body and fixture
along the cylinder tube to the desired
location.Tighten the flat head screw.

Replacing Switches

Loosen the flat head screw and slide the
switch from under the fixture. Do not
remove the fixture. Slide the new switch
under the fixture in the desired location
and tighten the flat head screw to a
torque value of 4.5-6 in. Ibs.

10

Mounting Lead Wire Holder

Push lead wire
holder with your
thumb and snap
it into place.

Removing Lead Wire Holder
Insert a screw-
driver between the
cylinder tube and
the lead wire holder
and turn it to
remove the holder.
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Notes on usage - Contactless Switch Connection to Programmable Controller (Sequencer)
M2V5, M2H5, M2WV5, M3V5, M3H5, M3WV5 Connection depends on type of programmable controller.

Conneciton should be as shown n Fig. 8-12.
Lead Wire Connection

Follow the color coding when connecting the wires. Ensure that

Programmable
Programmable
Controller Controller

the power supply is disconnected before you start. Biue (Black)() Black (White)(+)
Black (Whil Blue (Black)(-
Brown (Red) Input (+)Black (White) ue (Black)()
" ) Terminal
Black (White] Load DC source for switch and load Blue (Black)() (+)Black (White) Blue (Black() (+)Black (White)
M Blue (Black) DC 4.5 - 28V [M3(V or H)5]

DC 10 - 28V (M3WV5)
Fig. 1. Basic circuit example (Switch and load use same power source)

Fig. 8. Example of connecting Fig. 9. Example of connecting
DC source for switch Bg ‘1‘65 -2288\>/ [I\’>IA33\$\\I/V x H)s] M25 (M2WV5) to source input. M25 (M2WV5) to source input.
Brown (Red) il ) (Outside power source). (Built-in power source).
DC power source for load,
M Black (White) Load less than DC 30V
Mﬁ Blue (Black)
Programmable Programmable
. . . . . . Controller Controller
Fig. 2. Basic circuit example (Switch and load use different power sources) (Wh“e)(ﬂB'ue (Black)(") Brown (Red) DC24V

Power
Source

Output Circuit Protection 8, i
¥ When connecting and using an inductive load (relays, lack Whie ) Blue (BlackiC) Blue (Black)
solenoid valves), as surge voltage occurs with the switch
off, be sure to wire a protection circuit as shown in Fig. 3.

¥ When connecting and using a capacitor load, as in-rush Fig. 10. Example of connecting ~ Fig. 11. Example of connecting
current occurs with the switch on, be sure to wire a M25 (M2WV5) to sink input. NCI)SE_; (.'gj"3WV5) to source input.
protection circuit as shown in Fig. 4. (Outside power source).
¥ When lead wire is more than 10m long, be sure to wire a Programmable
protection circuit as shown in Fig. 5, 6 (for M2, M2WV) or Contrler
Fig. 7 (for M3, M3WV). ¢ 0 gea) Fig. 12. Example of connecting M35 .. ey oc2av
(M3WV5) to source input. (Built-in
M3g  Black (Whie) Load power source). M35 switch cannot
MBWY connect to sink input sequencer. vy Black (hie)

Blue (Black)
Blue (Black)

Fig. 3. Example where inductive load is used with diode. Use diode Hitaachi

VO6C or equivalent. Brown (Rec) Series Connection
Black (White) (2) If more than one M25 and/or M2WV5 switches are wired in series,
MW Blue (Black) the total amount of voltage drop is the sum of all the switches connected

) ) ) ) ) ) As voltage at load side is power voltage minus the sum of voltage fall at
Fig. 4. Example where capacitor load is used with resistance (R). ResistancedRkches check your programmable controller, as being a load, with its
should exceed the value froM.=R( ) the formula. e ) . ' . '

0.15 specified input to determine maximum number of connections.

Load (2) If more than one proximity switch of the 3-wire type are wired in
Black (White) series, the value of the voltage drop at switches is the total sum of
Mz%%/ voltage fall of all the switches connected. As current flowing in the
Bl (lack) switches is the sum of the power consumption of all of the switches
) ) o connected and load current, as shown below, check the specified load
Fig. 5. Choke coil L= hundreds of H - several mH, with high-frequency of switches so that it does not exceed the maximum load current of
characteristic. Connection should be within 2m of switch. . . . .
switches, and determine the mazimum number of connections.
Within 2m . .
Load (3) Lamp is on only when all the switches are on.
Black (White) M3(W)
M2g
M2wWW
Blue (Black) Brown (Red)
Power Load Switch
Fig. 6. In-rush current resistance R equals as much resistance as load circuit Consumption ~ Current
side permits. Connection should be within 2m of switch.
Within 2m Brown (Red) DC source for
Brown (Red) Black (White) switch and load
M3g Black (White) Brown (Red) Black (White)
Blue (Black)
Fig. 7. Power source noise absorption circuit C1 = 20-50 uF electrolytic Black (White)

capacitor (more than 50V of allowable pressure).
C2 =0.01-0.1 pF. Ceramic capacitor R1 = 20-30 Ohms. In-rush current
resistance R2 equals as much resistance as load circuit side permits.

Connection should be within 2m of switch. Blue (Black)

11
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Parallel Connection

On M25 and/or M2WV5 switches, the leakage current increases
based on the number of connections. When one switch turns on
and off, as the voltage at both ends of the switch connected in

parallel drops below the load voltage range down to internal voltage

drop value when switch is turned on, other switches will not turn
on. Therefore, check the specified input of the programmable
controller regarding the connection load before use. M35 and
M3WV5 switches have a small leakage current (under 10pA) so
multiple connections will usually not present a problem or cause

the lamp to fade or stay off.

Magnetic Environment

Avoid using switches near a strong magnetic field or strong current

(large magnet, spot welding machine, etc.). When cylinders with
switches are mounted close to each other in parallel, or when
magnetic material moves near the cylinder, they could cause

interference and affect switch operation.

Protection of Lead Wires

Minimum bending radius of lead wires should be 3/8". Ensure that

no bending or tension stresses are continuous on the wires. For

moving portion, use wiring similar to that used on robots.

Notes on usage - Reed Switches
MOV5, MOH5, M5V5, M5H5

Lead Wire Connection

Connect the lead wire of the switch with load in series type
connection. Do not connect it directly to a power source. In the

case of the MO5 switch the following will apply:

(1) When using for DC, connect the black (white) wire to positive,

and blue (black) wire to negative. If the wires are reversed, the

switch will work but the lamp will not light.

(2) When connecting to an AC relay or programmable controller
input, using half wave rectification, the switch may not light. If

this happens, it can be corrected by connecting the switch lead

wires to the opposite polarity.

Contact Capacity

Avoid using a load that exceeds the maximum contact capacity of

the switch. In the case of a lower current than the rated current

value, the MO switch lamp may not light.

Contact Protection

When using an inductive load, such as a relay, etc., be sure to set
the protection circuit as shown in Fig. 1 and Fig. 2. Also, if lead wire

is longer than that specified in Table 1, set protection circuit as

shown in Fig. 3 and Fig. 4.

Table 1
Voltage | Lead Wire Length
DC 50m
AC 10m

12

Black (White) Blue (Black)
Switch
Source
Voltage
Wiring by user
Load Protection circuit
Capacitor Recommended value
C = Capacitor .033-F
R = Resistance 1-3 K

Fig. 1. When using capacitor resistance

Black (White) Blue (Black)

Switch
Source
Voltage -
9 Wiring by user
Protection circuit
Load
General rectifier diode 1 N 4007

Fig. 2. When using diode

Blue (Black)
Black (White)

Switch Within 2m

Source
Voltage L = hundreds of H-
several mH with superior
high-frequency characteristic.
Load Connection should be within 2m.
oal

Fig. 3. Choke coil

Black (White) Blue (Black)

Switch .
Within 2m

Source

Voltage
R = as much resistance
as load circuit side permits.
Connection should be within 2m.

Load

Fig. 4. Rush current limiting resistance

Relay
Use the following relays or equivalents:

Potter & Brumfield KUP type
Allen Bradley HC type

Omron, MY or G type
Furnas 46 type

Series Connection

If more than one MO05 switch is wired in series, value of voltage drop at
switches are the total of all the switches connected. In order to ensure
its operation, use one MO5 switch and use M55 for the others and the
voltage drop will be limited to that of one M05 switch (about 2.4V).
The lamps will light only when all the switches are on.

Parallel Connection

Any number of switches can be used in parallel connections, but in the
case of the MO switch, the lamp might be dimmer or not on at all.

Magnetic Environment

Avoid using switches near a strong magnetic field or strong current
(large magnet, spot welding machine, etc.). When cylinders with
switches are mounted close to each other in parallel, or when magnetic
material moves near the cylinder, they could cause interference and
affect switch operation.

Protection of Lead Wires

Minimum bending radius of lead wires should be R9 or more. Ensure
that no bending or tension stresses are continuous on the wires. For
moving portion, use wiring similar to that used on robots.



Miller SRL2-M Series
Rodless Cylinders

Rodless Cylinder

Saves space, withstands high loads, moves at high speeds without lubricati

Model SRL2-M (Standard w/switch)
Operating Medium Compressed Air
Maximum Pressure, PSI 100 PsSI
¢16\¢,20 Bores 29
Minimum Pressure, PSI ¢25\¢,32\¢ 40 Bores 14.5
¢50\¢,63\ Bores 7
Proof Pressure, PSI 152
Bore Size mm (inch nominal) 45( 20(W, 25(1) 32(1), 40(1k) 50(2), 63(2)
Port Size M5 WUNPT WNPT WNPT
Ambient Temperature iF (jC) 40-140 (560)
Stroke Tolerance in. .080 to 39" .100 to 118" .120 to 196"
) ) 2-80 IPS with side ports on each end (¢,16\¢,20 bores 2-40 IPS with one end ports with 39" stroke)
Piston Speed, *in./sec. . .
(¢25\¢,32\¢,40\¢,50\¢,63 bores 2-40 IPS with one end ports with 78" stroke)
Cushion Air Cushion Standard
— Not Requiredf you choose to lubricate your system, continuing lubrication will be required.
Lubrication Use Class 1, 150 VG 32 Turbine Oil.)

* Note: Actual piston speed with one end ports will vary depending on stroke length.

How To Order

The following OHow To OrderO example is of a SRL Rodless Cylinder with Foot Mount Brackets,
1't) Bore, Cushions at both ends, anddl Sroke with 2/Switches.

SRL2-M LB B_40B B 02525 B Al _ B M2H5 B 2
e >

Cylinder Mounting Cushion Location Switch &Y‘gﬁ%ny
SRL2-MRodless Basic (16mm) B Both Ends (XXXNN) A Stroke adjustment with
Cylinder Mounting *J nominal (Standard) XXX= inches shock absorber M2H5
LB Foot 20 (20mm) | R Rightend only* NN=,01" both ends M3V5
Mount *J nominal Increments a1 Stroke adjustment with|  M3H5
Brackets | 55 (25mm) L Leftendonly*| Example: shock absorber M2WV5
LB1 Foot 1"nominal | N Nocushions | 02525 = 2525  ndhtside M3WV5
Mount 32 (32mm) A2 Stroke adjustment with|  MOV5
Brackets 14 nomina| « Facing port side shock absorber MOH5
40 (4Qmm) of cylinder left side M5V5
14J nomina C C-Mount fixture M5H5
50 (50mm)
2" nominal
63 (63mm)
2%J nomina

To order floating joint or tube center support brackets, use part numbers shown on page 15.

Weight & Theoretical Force Characteristics

i Weight at zero stroke Weight per

Bore | on” MO0 MLB MLB1 1" (25.49mmF; Stroke Pressure (PSl)

In? Ibs. kg. Ibs. kg. Ibs. kg. Ibs. kg. 30 40 60 80 10
16 0.31 0.70 0.3 0.73 0.3 0.77 0.4 .07 .03 9 12 14 25 30
20 0.49 1.15 0.5 1.19 0.5 1.28 0.6 .10 .04 15 20 29 30 49
25 0.84 2.21 1.0 2.43 1.1 2.43 1.1 .15 .07, 23 30 44 6IL 76
32 1.26 3.31 1.5 3.53 1.6 3.75 1.7 .20 .09 38 5(Q 69 100 125
40 1.96 5.29 2.4 5.51 2.5 N N 27 12 59 78 117 156 195
50 3.08 7.94 3.6 8.16 3.7 N N 40 .18 91 122 182 243 304
63 4.86 13.67 6.2 14.33 6.5 N N .63 .28 145 193 290 386 483

13



Miller SRL2-M Series
Rodless Cylinders

Accessories and Options

Floating Joint

Absorbs misalignment between cylinder and load

FJ dimension is the maximum horizontal float FK dimension is the maximum vertical float

Tube Center Support Brackets

(LB)

(LB1)

C Mounts

Provides mounting surface 180;j from work table

See page 20 for additional information on using C-mounts

14
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Rodless Cylinders

Accessories and Options

Floating Joint

Bore FA FB [FC FD EE FH FG FH =l ~J FK B © Part Number
i q y g

mlg] In;]l;]es 252838 %?27 ]é.f&_ 221945 feﬁ 3 3]61 81 4:(L).~ 75 3O. 118 3-2 134 30.118 - 0.118 = 0.472 — J]f&%RLZ-lG-FLJI\T
- E ;

n%% fnr:lfr\nes 2é6738 2284 :;.953~ ;.0181 36757 4]65 5 526.¢ 05 4O. 157 4.3 177 30.118 5 0.118 o 0.551 e J]l%gRLZ-ZO—FLJI\T

n%ﬁ] m;fr\:s 3%0871 (2284 2%85 g.0181 20.0787 4:_1-05 5 526.4 05 f.] 57 60.236 30.118 3 D.118 = 0.669 = %jgs-gRLZ-ZS-FLJh T
- = 3 = g

n{-}]ﬁ] Tﬂrﬁ:']es ?ég4 1?;48196 525158\‘ ]4.272 ;6181 ;.09 59 720.- 56 é).; 36 70.276 50.197 5 ).19718.:3.728 = %%4-.§RL2-32-FLJI\ T

nﬁ% In;]:qes 116[534 13;296 %.;14] 1.’.5772 ::,I’.(.)lEl 51(.)9 69 7% 56 60.:.36 70 276 50.197 - 0.197 = 0.866 = %1%?§RL2-40-FLJI\ T
i 7 5 [:

mS% Inn(?ll’r\nes 129661 11.13132 27.374 2.0362 ‘]1.05 5 7207 b6 93(’; 43 80 15 90 354 50.197 c 0.197 o 1.102 = §]%2§RL2-50-FLJ[\ T
- C d g

n§]r3n Inn(il%es 5134)1972 14.1232 :73;.1 2.0362 1.6575 7207 b6 9?6\_43 é).\ 15 90.354 50.197 5 D.197 = 1.378 o ;’lgngLZ-G&FLJl\ T

Tube Center Support Bracketger kit)

Kit Part Number

Bore CA| CB] cC€] cp ¢k ¢ 9 tH O K 50& LB Mtg. LB1 Mtg.
nlwﬁw inr(r:]f::s 14254 25.205 gfz 03;113 32.4'2 200.7 7 315.378 4o.L57 60.236 180'79?5-SRL2-16-00—MDS’7I15—SRL2—16—LBl—MDSDT
rﬁ% inn(;rr]nes 1‘.1%29 2;152 27.255 04.157 &551 2%.7 7 3:;.496 50.L97 80.315 220'39&-SRL2-20-00-MDSms-SRLz-zo-le-MDs:T
n%ﬁq inni::as 2é%62 27.292 :;.5165 06.233 13:;(8 206737 4%).575 70.276 lé).394 29_15'%5-SRL2-25-00-MDSms-SRLz-zs-Lm—MDsnT
m3§1 in:\:e\es 2%313 3;3.;165 13(.)%3' 06.233 22:246 206737 410.575 7o.z76 18-394 31é 245-SRL2-32-00-MDSPTIL5-SRL2-32-LB1-MDSPT
rﬁ% mnir;;es 35243 41162852 f.zist 06233 291..2(5 31(.)131 620.432 $;).354 715-SRL2-40-00-MDSPT q
n5121 m;rru:s zi.;gs 1.2852 &13;1501‘ oé31> 3%)..25 1 ;.6131 62(;62 sc;.354 715-SRL2-50-00-MDSPT q

- . s . -
on [om 50 [t [ T2l D] w8 s ol 7ISSRL2EZ0GMDSPT A
C-Mounts*
Bore cJ CK CL CM CN CP Cq CR QS Part Number**

- p p
nllﬁ] mrﬁrr]:s oi5591 ;;gs 15.3& 2.914‘_ g(.)ssz 2.2\ 6 . ;.59 83;.4165 5140, ¢ oRL2-16-CBRKT

- 4 . A
nﬁgq mrﬁr;]es 0i209 312..258 15.3& 12.gzz 623.0362 %.zk 6 620.3 62 - :(.)937 8132, £ sRL2-20-CBRKT

i 1 5 [« [~ R
nﬁﬁq mrﬁ:qes 02287 14.;72 2.971 ;.810‘_ 72i793 g.lj 73.756 1142‘67 10-24- opi 295 caRKF

i d [= E R
e s B s e AR A

- : .
m4?n mrﬁ:wes 1:.”%)81 g.;s 93;.;6 13.;196 931.%0_ %.315 ;65 13 125433 1/4-20c opi 2-40-CBRKT

i d qg -
om |30 |74 [ iis |48 | Tise| 10| g00] —ial | 1 SRLZSOCBRK]

i 3 D _
i 3 s e e |

* C-Mounts not available with adjustable stroke, shock absorber or tube center support bracket.
** Use this part number when ordering C-Mount as a separate part. When ordering with cylinder, use OCO option as part of cylinder part nu

How To Order Accessories:

Example: To order a floating joint and tube center support brackets for a 40 mm SRL cylinder with LB mounting.
1-715-SRL2-40-FLINT
1-715-SRL2-F4-222083
15



Miller SRL2-M Series
Rodless Cylinders

Accessories and Options

All Stroke Adjustment and Shock Absorber Dimensions

L + Stroke

SH = max. energy absorption

Bore SG SH
SC| SD| SH S SJ| SK| SP| SQ SH ST 3 L

(mm) MAX| MIN| IN-LBS.

in.|0.71| 0.1 1.6% 1.38 0.57 0.18 0.98| 1.93 1.34 0.24 0.16 1.46 5.87
;16 26 M3

mm| 18 4 42 35| 143 4.5 25 44 34 6 4 37| 149

in.|0.89| 0.14 1.89 1.5Y 0.57 0.18 1.64 224 1150 0.32 p.20 [1.65 |6.65
¢20 61 M4

mm| 22.5| 3.5| 48| 40| 14% 45 39 57 38 8 5 42 | 169

in.| 0.79| 0.10 2.46 2.08 0.57 0.18 1.7 3J03 1197 0.47 0.39 [2.09 [7.48
25 104 M6

mm| 20 25| 6283 51.5% 145 4p 50 7 50 12 10 53| 190

L + Stroke
SH = max. energy absorption
Bore SG SH
SC| SD| SH S SJ| SK| SP| SQ SH ST L L

(mm) MAX| MIN| IN-LBS.

in.| 0.87| 0.28 2.62 2.19 1.06 0.67 2.66 386 2111 0.55 D.47 [2.24 |8.90
$32 1 226 M8

mm| 22 7 | 66.5 55.5 27 1 65 98 535| 14 12 57| 224

in.| 1.26| 0.2 3.09 258 1.34 0.94 266 441 2150 0.67 D.47 [2.64 |9.61
40 608 M10

mm| 32 7 | 785 655 34 24 65 | 112 63.5| 17 12| 67| 244

in. | 1.50| 0.32 3.90 3.1% 2.1 1.77 2.[r/6 535 305 0.87 .67 [3.23 [10.16
50 1042 M12

mm| 38 8 99| 80 55 45 70 | 136 775 22 17| 82| 258

in. | 1.50| 0.32 4.41 3.68 173 1.34 2.6 622 3150 0.98 p.79 [3.74 [11.65
63 1042 M16

mm| 38 8 | 112| 9353 44 34 70 | 158 89 25 20| 95| 296

16



Miller SRL2-M Series
Rodless Cylinders

Technical Information

Positioning of Stroke Adjustment Unit

Stroke adj. plate bolt
Stroke adj. plate
Shock absorber nut

Shock absorber
Stopper bolt

Stopper bolt nut
Mounting bolt

Mounting bolt
Shock absorber nut

Shock absorber

Mounting

Stopper bolt nut

Mounting

¢16~¢25

(1) Moving the stroke adjustment unit.

Stopper bolt

$32=¢63

(4) Adjustment of shock absorber.

The stroke adjustment unit can be moved by loosening the mountingAdjust the absorption energy of the shock absorber by changing the

bolts.

(2) Locking of stroke adjustment unit.
After moving the stroke adjustment unit to the appropriate position,
lock it there by tightening the mounting bolts to the torque values
shown in Figure 1. Insufficient torque may cause the stroke
adjustment unit to slip out of position.

Figure 1. Torque values for tightening stroke
adjustment unit.

Tightening Torque Mounting Bolt Stroke Adj. Plate Bot
Model (In.-Lbs.) (In.-Lbs.)
SRL2-M-16 9-11
SRL2-M-20 22-24 4-6
SRL2-M-25 46-50 22-24
SRL2-M-32 195-213 N
SRL2-M-40 390-415 N
SRL2-M-50-63 682-735 N

(3) Stroke adjustment using the stopper bolt.
Adjust the stroke by loosening the stopper bolt nut and turning the
stopper bolt. After adjusting the stroke, tighten the stopper bolt
nut to the torque values shown in Figure 2. When adjusting the 16-
25 mm cylinders, due to the small amount of clearance between
the table and the stroke adjustment plate, adjust the stroke by
moving the complete stroke adjustment unit.

Figure 2. Torque values for tightning stopper bolt
nut and shock absorber nut.

Tightening Torque Stopper Bolt Nut Shock Absorber Niit
Model (In.-Lbs.) (In.-Lbs.)
SRL2-M-16 10-11 12-16
SRL2-M-20 22-24 26-35
SRL2-M-25 73-84 40-53
SRL2-M-32 195-213 66-89
SRL2-M-40 390-425 195-266
SRL2-M-50 682-735 487-620
SRL2-M-63 1772-1914 487-620
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operating stroke of the shock absorber. This is done by loosening
the shock absorber nut and turning the unit. When adjustment is
complete, tighten the shock absorber nut to the torque values
shown in Figure 2.

(5) Notes on usage.

The shock absorber absorbs rated energy with rated stroke. The
factory setting allows a small amount of shock absorber stroke
before it bottoms out. Readjust the location of the shock absorber
so that the complete stroke of the absorber is utilized.

Absorption energy as set at factory:

Small margin with stroke
of shock absorber.

Cylinder stroke end

Adjust the position of the shock absorber until the plunger of the shock
absorber is fully depressed.

Cylinder stroke end



Miller SRL2-M Series
Rodless Cylinders

(6) Allowable collision energy of shock absorber.
By using the following formula, calculate collision equivalent
effective weight (We) and collision energy (E), and ensure that both

are below the allowable values shown in Figure 3. Also ensure that

Figure 3. Effective Weight Versus Impact Velocity
for Various Size Shock Absorbers.

repeat frequency and collision speed are within specified allowable
values in Figure 4.

To check the energy absorption capacity of the cylinderOs shock
absorber in the middle of the stroke, use the following formulae.

Horizontal Mounting

v %
W
W E 772+FS
We:W-MS
V2

Vertical Mounting Shock absorber at bottom

WV .
E=WY+(F+W)as

We = W 272 (F+W)S
V2

Vertical Mounting Shock absorber at top

s<omsm

e

W\ X
Eﬁ+ (F-W)S

We = W £72 \(;-W)S

Energy to absorb (in. Ibs.)

Weight attached to piston table (Ibf)
Actual cylinder propelling force (Ibf)
Stroke of shock absorber (in.)
Impact velocity (in./sec.)

Effective weight (Ib.)

Effective Weight We Lbs.

22050—
2205—
220——
22—
22— ‘ ‘
20 4.0

39.4

Impact Velocity V in./sec.

113

Note: The following applies to the shock absorber
being used with whole stroke adjustment.

The allowable absorption energy varies depending
on impact velocity. When impact velocity is 78
in./sec., the maximum calculated absorption
energy should not exceed 1/3 of the value shown
in Figure 4. At an impact velocity of 39 in./sec., it
should not exceed 1/2 the value shown in Figure 4.

Figure 4. Specifications

Cylinder SRL2-M 16 SRL2-M 20 SRL2-M 24 SRL2-M 32 SRL2-M|40 SRL2-M B0, 63

Shock Absorber No. NCK-00-0.3-C NCK-00-0.f-C NCK-00-1.2 NCK-00-2.6 NCHK-00-7 NCK-00-12
Max. Energy Absorption - in-lbs. 26.0 60.8 104.2 226 608 1042

(kgf & m) (0.3) 0.7) (1.2) (2.6) (7.0) (12)
Stroke - inches .236 .315 .394 .590 787 .984
Energy Absorption/hour - in.-lbs/hour 54,700 109,380 187,51 338,560 729,200 750,000
Max. Impact Velocity - in./sec. 59 59 78.7 78.7 98.4 118.1
Max. Frequency Stroke per Minute 35 30 30 25 20 12
Ambient Temperature - Fj, (Cj) 41-140 (5-60)
Spring Return Force - Ib. _ Extended .65 45 .65 1.33 2.20 3.60

Compressed 1.01 .97 1.33 2.65 4.86 7.49

Return Time - Sec. 0.3 0.3 0.3 0.3 0.4 0.4

18



Miller SRL2-M Series
Rodless Cylinders

(7) Calculation examples for SRL2-M-20 with shock absorber
NCK-00-0.7-C.

Example 1. Vertical Mounting

Weight attached to piston table - 6lb.

Impact velocity upward - 32 in./sec.
Impact velocity downward - 39in./sec.
Working pressure - 70 psi
Actual propelling force - 28 Ib.

(see Figure 13, page 26)

Upward kinetic energy:

Eup —_673232+ (28-6) 4 0.315 = 14.89 in.-Ibs.

Downward kinetic energy:

Edn —_673 23§+ (28+6) 4 0.315 = 22.53 in.-Ibs.

Effective weight, upward:

We up = 6 £/22 3222'6 403159 5o p,

Effective weight, downward:

We dn =6 Z%Sﬂus Ib.

Eup = 14.89 is less than 1/2 times 60.8 (See Figure 4) - OK
Edn = 22.53 is less than 1/2 times 60.8 (See Figure 4) - OK
We up = 11.22 is less than 32 (See Figure 3) - OK
We dn = 11.43 is less than 31 (See Figure 3) - OK

Example 2. Horizontal Mounting

Weight attached to piston table - 6 Ib.
Impact velocity - 36 in./sec.
Working Pressure - 50 psi
Actual propelling force - 20 Ib.

(see Figure 13, page 26)

Kinetic energy:

E=6432,5040315=16.37
772

We = 6 /7282040315, ¢
36

E = 16.37 is less than 1/2 times 60.8 (See Figure 4) - OK
We = 11.25 is less than 32 (See Figure 3) - OK

19

Intermediate Stroke Stop

Slit tube type rodless cylinders, by the nature of their design, will allow
a very small amount of air to leak externally including the SRL2-M
which has non-detectable, minimal leakage. To try to stop and hold a
cylinder in an intermediate position will require a three position valve
with both cylinder ports open to pressure in the circuit for more
satisfactory results. See Figures 5 and 6.

Horizontal Weight

The circuit in Figure 5 shows that equal pressure is applied to both
sides of the piston when it stops which prevents the table from jumping
out of position at restart.

Figure 5

Vertical Weight

As shown in Fig. 6, the table moves in the same direction as the weight
in a vertical application. Install a regulator with a check valve to reduce
the cylinder thrust on the upper side to balance the weight and force on
the lower side.

Figure 6
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Piping Work Environment

Piping should be of a rust resistant material and be of a sufficient ~ System components should be mounted in areas free from corrosive

internal area for piston speed required. Make sure that piping is cleanatmosphere, rain, water and direct sunlight. If cutting oils, coolants, oil

and free from sealing compound before connecting to system. mists, etc. are present, the cylinder should be covered or protected to
avoid damage to the seals. Also, avoid areas where cutting chips, dust,
spatter, etc. will come in contact with the cylinder.

End Port Piping

Refer to Figure 7 to determine when end port piping can be used wit
various types of mountings relative to fitting clearance.

Under normal usage, the cylinder has an effective dust-seal belt which
revents contamination from entering the interior of the cylinder.
owever, under unusually dusty or contaminated operating conditions,

it is recommended that the cylinder be mounted with the work table and

dust-seal belt facing down. When mounted in this fashion, be sure to
check the weight deflection chart to ensure that the unsupported tube is
not overloaded. C-mounts are available for use in these circumstances.

See pages 14 and 15 for C-mount dimensions.

External Guides

When external guides are employed, ensure that excessive forces are
not transmitted to the cylinder due to friction, misalignment, or
deflection of the external guides. Use of a floating joint is
recommended. See pages 28-31 for application forms and pages 14

Mounting bolt for
axial foot mount

Figure 7 . C [O.D. of fittings (in)] and 15 for floating joint dimensions.
. Mounting
Bore Size (mm)
00 LB LB1 . .

216 a2 a2 Other Considerations
, 20 630 End Port 630
(., : Piping Not - Avoid electric welding around the rodless cylinder as current could be
¢ 25 1.024 Avalilable 1.024 conducted through the cylinder tube and destroy the dust belt.
¢ 32 1.065 1.063
¢ 40 1.378 1.024 Excessive inertia will cause the cylinder to malfunction. Ensure that
¢ 50 1.378 1.181 inertia loads are within allowable range.
¢ 63 1.535 1.339

Deep scratches or dents on the cylinder tube from external means may
have an effect on cylinder performance.

On all bore sizes with axial foot mounting (LB or LB1), the end port | negative pressure (vacuum) is caused in the cylinder by excessive
pipe fittings will obstruct the mounting holes. To avoid this problem, - external force or inertia force, the pressure seal belt may be drawn
mount the cylinder first and tighten the mounting bolts and then attachyyay from the slit tube causing external leakage. Ensure that no

the pipe fittings to the cylinder ports. negative pressure or vacuum can be generated inside the cylinder.

Cushion Adjustment

Cushion adjustment screws are located next to the ports on the side of
the cylinder. The cushion effect can be reduced by loosening the
cushion screw (turning counterclockwise). If the cylinder is subjected
to high kinetic energy due to a heavy load or high speed, etc., an
external cushion device should be considered to absorb the kinetic
energy load. See stroke adjustment and shock absorption option.

Quality of Compressed Air

Use clean, dry compressed air to operate the cylinder. This can be
accomplished by installing a filter with a proper filtration rating and
flow rate ahead of the directional control valve and draining the filter
regularly to ensure that no moisture or contaminants are allowed into
the system.

20



Miller SRL2-M Series

Rodless Cylinders

Sizing Guide for SRL Rodless Cylinder

Introduction

Unlike traditional cylinders with piston rods, where load forces are Note: Miller Fluid Power Application Engineers will be happy to assist

normally experienced on the cylinder centerline, the design of rodlesgou in evaluating your application. For your convenience, there are

cylinders dictates thatlload forces are eccentric to some degree.  typical application loading diagram forms on pages 28-31 which show
the three basic cylinder mounting conditions:

Depending on the application, these eccentric load forces can become

quite substantial and create an adverse effect on cylinder performan@endition 1 - Cylinder horizontal, Table horizontal

and life expectancy. As a result, the use of rodless cylinders, and th&Condition 2 - Cylinder horizontal, Table vertical

manner in which they are designed into a system, requires careful Condition 3 - Cylinder vertical, Table vertical

consideration of a variety of engineering factors to ensure optimal

performance. These factors include load moments, mounting metho&elect the application loading diagram that fits your application. Fill out

total weight and resistive force, velocity and deceleration. the form and include any other pertinent data along with your name and
your company name, address, phone and/or FAX number and FAX the

form and information to Miller Fluid Power for review.

Load Moments

There are three load moments to be considered: Figure 8
Bending Moment (M1), Radial Moment (M2), and Cross Moments (M3),

as illustrated in Figure 8. / \

The preferred location of any load is in the center of the cylinder table. I I
Some applications may require the load to be offset. To help in

determining the load moments affecting your application, some of the
typical loading diagrams, forces, and distances to consider are shown Bending Moment M1

on page 22.

O O
O O
Radial Moment M2
/
o) ¥ o)
e) / ¢)
Cross Moment M3 /

21
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Typical Mounting Diagrams and Loading

A. Axis XBX Horizontal

Loading Typ%'}{a'tg# Mounting Diagram M1 M2 M3
o S
esistive | « - - -
Force < - - —1 SlF% FX X S]F N N
only P
Ex SlF—} z
ﬁ—ﬂ_ 1 B .
< X}WJ%;JX *# X SI N FyX S%
—| S3F |-
—| S2F |«
2 X\_‘_%_‘_‘XS}-F ; :[ FX X S]F FZ X SZ: FX X S%
x ] o
Fz
=
I ; . Fox Sk N N
‘Z
Weight | , O H
! 1 ] 1 .
Only | < oy | TP WxSly | WxSi N
Siw " 4\/\/7 Wi |z
SZW‘" -~
© B A D : .
< = N W x S2y W x S3y
Sawjﬁwk S2wl " w
B. Axis XbX Vertical
Loading Type D'}gfg# Mounting Diagram M1 M2 M3
Weight X Stu =
— --— S3w .
= : Z%ZTffz W x Siv N W x S3w
l Yw wy
T i
X X
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Figure 9shows the maximum allowable moments for each of the thre

types of loading: Bending, Radial, and Cross moments. ?lgure 10
Max. Allowable Max. unsupported
The sum total of each of these types of moments, divided by each o Bore Weight [W] Lbs. alie’ag}(h \[A[/f;ght
maximums, determines a Weight-Moment Factor (WMF) equal to orfless STD. MTG. OCco MTG.
than 1.0. On horizontal mountings, the Total WeightsWduld also be 16 32 16 177
divided b)_/ the maximum weight allowable (Figure 10) and factored into 20 5 23 17
the equation. o5 81 a1 354
Horizontal Mountings: 32 140 70 29.5
Wr + M1 + M2 + M3 40 218 109 39.4
(W] [M1] [M2] [M3] = WMF1.0 50 331 165 51.2
. . 63 522 261 63.0
Vertical Mountings:

ML + M2 + M3

L Acceptable length and weight combinations for the various bore sizes
[M1] [M2] [M3] = WMF1.0

can be determined from the charts in Figure 11.

Figure 9 _
Maximum Allowable Moments (In-Lbs.) Flgure 11
[M1] [M2] [M3]
o Bending Radial Cross 150=
Moment Moment Moment
Std. Mtg. [ C-Mtg, _sStd. Mtg.  C-Mig.  Std. Mfg. _ C-Mitg.
16 a4 31 9 4 9 9 125—
20 89 62 13 6 27 27 W
25 150 106 44 22 89 89 Lbs.
32 319 221 89 44 186 186 100—
40 682 478 204 102 230 230
50 1363 956 283 142 372 372 75—
63 2434 1708 460 230 673 673

50—

Weight and Deflection

Figure 10 shows the maximum weight [W] in Ibs. that the cylinder can 25—
accept as well as the maximum length [L] between supports at the
maximum weight.

0
o | | | | | | | |
1 Wr 24 48 72 96 120 144 168 192
L Inches
L 600—
HorizontalbLoad Above 500—
L VVT 400—
Lbs. 599
200—
. | Wr 100—
HorizontalbLoad Below
% 0
1 Wr 24 48 72 96 120 144 168 192
L Inches
N N To determine cylinder deflections under the weight (or resistive force
L L perpendicular to the piston table) without mid-support, see the graphs
HorizontalDTube Support on page 24.
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Tube Deflection Without Mid-Support

SRL2-M-16

MM

W=8 Ibs.

W=16 Ibs.

W=32 Ibs.

inch
.016

.012

.008

12 24 36
Stroke
SRL2-M-20

MM

W=11.3 Ibs.

W=22.5 Ibs.

W=45 Ibs.

inch
.024

.020

.016

.012

.008

.004

MM
inch

SRL2-M-25

MM

W=20.3 Ips. inch

W=40.5 Ibs.

W=81 Ibs.

.048
.040
.032
.024
.016
.008

MM

12 24 36 48 60
Stroke

72

inch

24

SRL2-M-32

MM

W=70 Ibs.

W=140 Ibs.

W=35 Ibs.

inch
.032

.024

.016

.008

MM
| inch

12

SRL2-M-40

MM

24 36 48
Stroke

W=55 Ibs.

W=109 Ibs.

W=218 Ibs.

72

inch
.048

.040
.032
.024
.016
.008

MM

SRL2-M-50

MM

36 48 60 72
Stroke

W=162 Ibs.

W=331 Ibs.

84

W=81 Ibs.

inch

inch

.080
.060
.040

.020

MM
| inch

24

SRL2-M-63

MM

48 72
Stroke

W=261 Ibs.

W=522 Ibs.

W=130 Ibs.

120

inch
.100

.080

.060
.040

.020

MM

48 72 96
Stroke

120

= inch



Miller SRL2-M Series
Rodless Cylinders

Moment and Deflection

Piston Table Angular Deflection Due To Load Moments Applied

SRL2-M-32
Angle Tolerance Zone
i
| N-M
| | | | | | IN-LB
90 180 270
SRL2-M-16 Angle Tolerance Zone SRL2-M-40
Angle Tolerance Zone
i .
i
N-M
0 | I | | J IN-LB | N-M
9 18 27 %6 45 1 1 1 1 | | IN-LB
45 90 135
SRL2-M-20 Angle Tolerance Zone SRL2-M-50
Angle Tolerance Zone
i .
i
0 2 4 6 8 D N-M
N-M
1 1 1 1 I IN-LB | | A | | | | IN-LB
18 36 54 72 90 45 90 135
SRL2-M-25 SRL2-M-63
Angle Tolerance Zone Angle Tolerance Zone
i .
i
N-M N-M
! I ! L ! ! IN-LB I | I | ! ! IN-LB
90 180 270 90 180 270
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Load Factor and Forces

The Load Factor must be determined to ensure that the cylinder forcEigure 12

available is adequate to overcome the total resistive force plus the
additional friction caused by the load moments. This is done by
calculating the frictional forces (Ff) created by the moments and the
weight, using the formulas and the chart in Figure 12, and adding th
resistive force {f, which is determined by the actual application.

Ff1= M1xCl Ff2= M2xC2 Ff3= M3xC3

Fwf (Weight Frictional Force¥ .2 x (W)

The sum of all resistive forces (F) including friction is determined as

follows:

Horizontal Mountings:
F = Ff1+Ff2 + Ff3 + Fwi+ F
Vertical Mountings:

F = FfL+ Ff2 + Ff3 W

Actual Cylinder Force (Fa) available is shown in Figure 13.

Load Factor (LF) is determined as follows:
%LF = F/Fax 100

Load Factor (LF) should never exceed 50%. If LF does exceed 50%

will be necessary to select the next larger bore size and calculate its

load factor.

Moment Friction Factor
Bore mm Cl Cc2 C3
16 .18 .61 .18
i 20 15 53 15
25 13 41 13
32 .10 .33 .10
40 .10 .28 .10
50 .10 .23 .10
63 .08 .20 .08
Figure 13
Actual Cylinder Force (Fa) in Lbs.
Effective Pressure PSI
Bore| Sqg.Inf 15 20 30 40 50 6( 7 80 90 100
16 {033 N | N |6 |10 |13 | 16| 19| 22| 25| 28
20 | 048 N | 7 | 11 | 15| 20| 24| 28| 33 37 41
25 | 0.84| N 11 19 26 34 41 49 56 64 71
B2 | 1.26 N 17 28 39 50 62 73 84 95 10y
40 | 1.96| N 27 44 61 78 97| 114 131 148 166
50 | 3.08/ 35| 42 69 96| 128 152 179 206 2B3 260
63 | 4.86| 55 66| 109 152 194 239 283 325 368 411

Deceleration and Energy Absorption

The kinetic energy (E) to be absorbed during deceleration must be The following chart, Figure 15 shows the maximum energy absorption
calculated to determine whether the cushion can absorb the load or &or each size cylinder, both with cushions and without cushions. If the
requirements for your application fall below the number shown for the
determine the actual speed (V) at which the piston enters the cushiosibg of the cylinder you have selected, then no external shock absorber
multiplying the load factor coefficient (K), from Figure 14, times the may be required, but inertia forces and moments should be considered.

external shock absorber may be required. To calculate this, first

average speed (V1) that the piston travels. V1 is derived from actual
cycle time determined by the application requirement.

=

Figure 15
The formula is as follows: 9
Maximum Kinetic Energy [E] Absorption
V (In. per Sec.) KV1 Bore Cushion With Cushion W/out Cushio
length in. in.-Ibs. in.-Ibs.
E(n-Lbs) =Wr/2 16 0.75 1.95 0.06
ﬁ 20 0.87 5.22 0.09
25 0.82 12.39 0.13
32 0.92 22.75 0.27
40 0.94 37.79 0.44
Figure 14 50 0.98 80.81 0.64
Load Factor Coefficient 63 1.16 154.01 1.22
Load Factor 10% 20% 30% 409 509
K 1.15 1.30 1.45 1.60 1.75
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Inertia Moment Consideration

When the weight is stopped at the end of the stroke by the cylinder
cushion, inertial force is created. This inertial force (Fi) can be

determined by using the formula: Figure 16
Fi= WG
40
W = Weight attached to the piston table (Ibs.) 35 -
G = Inertia factor (Figure 16)
30
Example: =
A speed of 40 in./sec. corresponds to an inertia factor G of 13. £ 25
o
o
The inertial force calculated would then be multiplied by the G 207
distance from the center of gravity of the load to the centerline oft
15

the cylinder, and added to the previously calculated M1 and M3|<:(

moments. This will give an M1 Total and M3 Total. Ensure that tie
M1 Total and the M3 Total do not exceed the [M1] and [M3] valiigs!® 7
shown in Figure 9. If they exceed these values, an external shock 5 -
absorber must be used.

See pages 16-19 for additional information on shock absorbers.

20 40 60
SPEED (IN PER SEC) (V)

External Stops

80

When a cylinder piston is stopped externally, it creates an Flgure 17
additional moment equal to the cylinder actual force (Fa) times the F. 2:7

distance (S). This additional moment, plus the previously calculated
Weight-Moment factor, should not exceed the allowable values.

See page 23. S M=F.x S

When reducing the stroke with external stops, remember that the \
cushion length and the energy absorption capacity are not directly

QO
(@]
o

proportional. Reducing the cushioning distance by 50% O O O

corresponds to a 30 to 40% cushion effectiveness.

SRL2-M Rodless Cylinder Sizing Forms

The following pages show the data that is required in order to size a rodlésgou wish Miller Fluid Power to size the rodless cylinder for you, please

cylinder. They are typical load-mounting diagrams reflecting the three typeiotocopy the form that fits your application, fill in the necessary data with
of mounting conditions with either a resistive force or weight transfer ~ any other information available about the application and FAX the data to
application. Miller at Bensenville, lllinois using the FAX number shown on the back of

the catalog.
Condition 1: Cylinder mounted horizontal, table mounted horizontal

Condition 2: Cylinder mounted horizontal, table mounted vertical
Condition 3: Cylinder mounted vertical, table mounted vertical

The last page shows a cylinder mounted as in Condition 1, with the load
guided and using a floating joint on the table.
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Sizing Forms

SRL2-M Resistive Forces

28

' Required Data
Horizontal Mount, Cond. 1 - :
Diagram | Force Lbs.| Distance |n.
g g X FxL = 2t =
Fz1 + Center of Fz2 + M1 Fzl= Xf =
‘L 7 Gravity ‘ vi W1 = Xw=
Fy2 = Zf =
Fx1 - | P2 -
%» -+ M2 Fz2 = Yf=
| >| —" = W2 = Yw=
X oL IO X A= Y Fx3 = Yi=
xf—| |- Ywi zf Y w2 M3 Fy3 = Xf =
s} X —y Zw=
I i
M1 Diagram M2 Diagram
g N Required Data
Y Operating
Notes: Presssure (PSI)
= = Stroke Length
X X W1l=W2=W (in)
A A Kl =kK3 Unsupported
Fy2 = @3 Length (In.)
_ Velocity (IPS)
Fy 3t Fl =2 (In./sec.)
| Fixture Weight W
(Lbs.)
Fy3 |y
M3 Diagram
Top View
SRL2-M Weight Transfer
Horizontal Mount, Cond. 1 Required Data
Center of i i a i
- Gerter 5/\\+ Diagram | Weight Lbs. Distand@.
+ | «—Ya— W1 = Xw=
Center of ~— Xa — : M1 *Wa1: X;V:
Gravity ! xuy = z — =
x Xw i"' Vo W2 = Yw=
Za *Wa2= Ya =
1 4 I Za =
x£e] i o}—x -5 v Zw=
| | Yw
WL a1 wa2 Y *Specify if load Wa (product transferring) is
z w2 attached or unfasten to the Fixture W.
M1 Diagram M2 Diagram
ES/—Y\\ + Required Data
Operating
X Notes: Presssure (PSI)
Ja
W1=W2=W Strol(<|en.I5ength
Wal = W2 = W4 Unsupported
Length (In.)
Velocity (IPS)
(In./sec.)
Y Fixture Weight W
M3 Diagram (Lbs.)
Top View




Miller SRL2-M Series
Rodless Cylinders

Sizing Forms

SRL2-M Resistive Forces Required Data
Horizontal Mount, Cond. 2 : .
Diagram | Force Lbs| Distance
Ef/\* + Ef/—\\ Fxl = zZf =
M1 Fzl= Xf =
Center of W z — —
v Gravity Vo I;;;Zz —: %{ff _:
/ W2 = Zw=
X 7 X Z z _
n ] nl ] vw ‘ L M3 o Wi
Yf W3 = Xw=
l Yw=
Fx3 o Fz2—tom- '
T w3 T w2
Y Fy2 Required Data
Fy3 -
- ) Operating
M3 Diagram M2 Diagram Presssure (PSI)
Egﬁ\\ Stroke Length
(In.)
4‘ ‘ Notes: Unsupported
Fx1 gf - W2 =W3=W Length (In.)
_ Velocity (IPS)
= t I — Kl=kK3 (In./sec.)
X,'77L = A X FyZ = |§/3 FiXtuEik:,;l(;ight w
Xw Rl =2 '
z
M1 Diagram
Bottom View
SRL2-M Weight Transfer
Horizontal Mount, Cond. 2 Required Data
5/\(\*+ Certer of Ef/—\‘+ Diagram | Weight Lbs. Distande.
- M2 *Wa2 = Za =
W2 = Zw =
Yw Ya * — -
M3 Wa3 = Xa =
J \ Th W3 = Xw =
Ya =
X ; :é X z ﬁ z Yw=
Ja | a 1
L1 *Specify if load Wa (product transferring) is
— l+—Xa . attached or unfasten to the Fixture W.
a —» | ———
Xw M ' | —| [~— zw
W3 s waz Twe
i M2 Di -
M3 Diagram aram Required Data
Ef/—\\ Operating
+ Notes: Presssure (PSI)
— — Stroke Length
|_| W2 =W3=W (in) 9
Wa2 = W53 =W, Unsupported
>I'<| Length (In.)
x ol To]—x Velocity (IPS)
777" 777" (In./sec.)
Fixture Weight W
M1 Diagram (Lbs.)
Bottom View
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Sizing Forms

SRL2-M Resistive Forces
Vertical Mount, Cond. 3

30

Required Data
m,r Ef/;\+ Diagram | Force Lbs| Distance In.
—Yf —
us Fxl= Zf =
j__ Fx1 > Fx3 M1 Fz1= Xf =
- Zf > ‘ W1 = Zw=
| - Fy2= zf =
- Fzl T Fy3 M2 Fz2 = Yf =
Xf Fx3= Yf =
u 1 M3 Fy3= Xf =
pA $ z Y Y W3 = Yw=
Center of
o Gravity Yw
i | Required Data
1] wl Operating
j__ P w3 Presssure (PSI)
X X Stroke Length
M1 Diagram M3 Diagram (in)
Fy2 Unsupported
5/\\ Length (In.)
+ Velocity (IPS)
- F22 Notes: (In./sec.)
v W1=W3=W Fixture Weight W
Lbs.
A = 53 —
[T1 R2=K3
z z Fl=R2
Y
M2 Diagram
Top View
SRL2-M Weight Transfer Required Data
Vertical Mount, Cond. 3 - : :
! Diagram | Weight Lbs. Distance In.
5/\+ W1l = 7ZW =
Ef/—\‘+ M1 *Wal = Za =
X W3 = Yw =
| [=za- Ya M3 *Wa3 = Ya =
j—— 2 Center of P *Specify if load Wa (product transferring) is
Wiy Gravity attached or unfasten to the Fixture W.
Center of
Z/ Gravity N
| Required Data
z z Y Y Operating
Presssure (PSI)
| ] Stroke Length
wal Was3 Notes: (In.)
| W1=W3=W Unsupported
| W3 Length (In.)
j“ w1 S Wal = W3 = Vg Velocity (IPS)
;(_ (In./sec.)
Yw Fixture Weight W
M1 Diagram M3 Diagram (Lbs.)
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Sizing Forms

SRL2-M Resistive Force

Load Guided
Required Data
Mounting Position:
Circle One
Wg ) Horizontal Vertical
Operating
Pressure (PSI)
Fg ] ) Weight W, (Lbs.)
X Floatlng ‘])(()mt Friction (Resistive)
I I I Force K (Lbs.)
V4 V224 Stroke, (In.)
Velocity, (In./Sec.)
See pages 14, 15 and 20 for additional information on external guides
and floating joint.
Air consumption Q can be calculated using the following formula and table below.
Q =60xYxq, SCFM
where \{ B Average speed, in/sec.
g B unit air volume per 1" of stroke, SCFM.
Pressure Standard Air Volume per 1" Stroke (SCFM)
Air Vol.
Bore Per 1" Stk At Pressure (PSI)
Cu. Ft. 10 20 30 40 50 60 70 80 90 100
16 .00194 N N .0006 .0007 .0009 .0010 .0011 .0012 .0014 .0015
20 .000282 N N .0009 .0010 .0012 .0014 .0016 .0018 .0020 .0022
25 .000486 N .0011 .0015 .0018 .0021 .0025 .0028 .0031 .003p .0038
32 .00729 N .0017 .0022 .0027 .0032 .0037 .0042 .0047 .0052 .0057
40 .001134 N .0027 .0034 .0042 .0050 .0058 .0065 .0073 .0081L .0088
50 .001782 .0030 .0042 .0054 .0066 .0078§ .0091 .0103 .0115 .01p7 .0139
63 .002812 .0047 .0066 .0086 .0105 .0124 .0143 .0162 .0181 .0200 0420
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Offer of Sale

The items described in this document and other documents or descriptions provided by the Company, its subsidiaries and its auth

orized

distributors, are hereby offered for sale at prices to be established by the Company, its subsidiaries and its authorized distributors. This

offer and its acceptance by any customer (

such item, when communicated to the Company, its subsidiaries or an authorized distributor (

constitute acceptance of this offer.

1. Terms and Conditions of Sale:  All descriptions, quotations, proposals,
offers, acknowledgments, acceptances and sales of Seller® products are
subject to and shall be governed exclusively by the terms and conditions
stated herein. Buyer® acceptance of any offer to sell is limited to these terms
and conditions. Any terms or conditions in addition to, or inconsistent with
those stated herein, proposed by Buyer in any acceptance of an offer by
Seller, are hereby objected to. No such additional, different or inconsistent
terms and conditions shall become part of the contract between Buyer and
Seller unless expressly accepted in writing by Seller. Seller® acceptance of
any offer to purchase by Buyer is expressly conditional upon Buyer® assent to
all the terms and conditions stated herein, including any terms in addition to, or
inconsistent with those contained in Buyer® offer. Acceptance of SellerOs
products shall in all events constitute such assent.

2. Payment: Payment shall be made by Buyer net 30 days from the date of
delivery of the items purchased hereunder. Amounts not timely paid shall bear
interest at the maximum rate permitted by law for each month or portion
thereof that the Buyer is late in making payment. Any claims by Buyer for
omissions or shortages in a shipment shall be waived unless Seller receives
notice thereof within 30 days after Buyer® receipt of the shipment.

3. Delivery: Unless otherwise provided on the face hereof, delivery shall be
made F.O.B. Seller® plant. Regardless of the method of delivery, however,
risk of loss shall pass to Buyer upon Seller® delivery to a carrier. Any delivery
dates shown are approximate only and Seller shall have no liability for any
delays in delivery.

4. Warranty: Seller warrants that the items sold hereunder shall be free from
defects in material or workmanship for a period of 18 months from date of
shipment from the Company. THIS WARRANTY COMPRISES THE SOLE
AND ENTIRE WARRANTY PERTAINING TO ITEMS PROVIDED
HEREUNDER. SELLER MAKES NO OTHER WARRANTY, GUARANTEE,
OR REPRESENTATION OF ANY KIND WHATSOEVER. ALL OTHER
WARRANTIES, INCLUDING BUT NOT LIMITED TO, MERCHANTABILITY
AND FITNESS FOR PURPOSE, WHETHER EXPRESS, IMPLIED, OR
ARISING BY OPERATION OF LAW, TRADE USAGE, OR COURSE OF
DEALING ARE HEREBY DISCLAIMED.

NOTWITHSTANDING THE FOREGOING, THERE ARE NO WARRANTIES
WHATSOEVER ON ITEMS BUILT OR ACQUIRED WHOLLY OR
PARTIALLY, TO BUYER@ DESIGN OR SPECIFICATIONS.

5. Limitation of Remedy: SELLERG LIABILITY ARISING FROM OR IN ANY
WAY CONNECTED WITH THE ITEMS SOLD OR THIS CONTRACT SHALL
BE LIMITED EXCLUSIVELY TO REPAIR OR REPLACEMENT OF THE
ITEMS SOLD OR REFUND OF THE PURCHASE PRICE PAID BY BUYER,
AT SELLER®G SOLE OPTION. IN NO EVENT SHALL SELLER BE LIABLE
FOR ANY INCIDENTAL, CONSEQUENTIAL OR SPECIAL DAMAGES OF
ANY KIND OR NATURE WHATSOEVER, INCLUDING BUT NOT LIMITED
TO LOST PROFITS ARISING FROM OR IN ANY WAY CONNECTED WITH
THIS AGREEMENT OR ITEMS SOLD HEREUNDER, WHETHER ALLEGED
TO ARISE FROM BREACH OF CONTRACT, EXPRESS OR IMPLIED
WARRANTY, OR IN TORT, INCLUDING WITHOUT LIMITATION,
NEGLIGENCE, FAILURE TO WARN OR STRICT LIABILITY.

6. Changes, Reschedules and Cancellations:  Buyer may request to modify
the designs or specifications for the items sold hereunder as well as the
quantities and delivery dates thereof, or may request to cancel all or part of
this order, however, no such requested modification or cancellation shall
become part of the contract between Buyer and Seller unless accepted by
Seller in a written amendment to this Agreement. Acceptance of any such
requested modification or cancellation shall be at Seller® discretion, and shall
be upon such terms and conditions as Seller may require.

7. Special Tooling: A tooling charge may be imposed for any special tooling,
including without limitations, dies, fixtures, molds and patterns, acquired to
manufacture items sold pursuant to this contract. Such special tooling shall be
and remain Seller® property notwithstanding payment of any charges by
Buyer. In no event will Buyer acquire any interest in apparatus belonging to
Seller which is utilized in the manufacture of the items sold hereunder, even if
such apparatus has been specially converted or adapted for such manufacture
and notwithstanding any charges paid by Buyer. Unless otherwise agreed,
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@Buyer Q shall be governed by all of the following Terms and Conditions. Buyer

® order for any
Cseller § verbally or in writing, shall

Seller shall have the right to alter, discard or otherwise dispose of any special
tooling or other property in its sole discretion at any time.

8. Buyer @ Property: Any designs, tools, patterns, materials, drawings,
confidential information or equipment furnished by Buyer, or any other items
which become Buyer® property, may be considered obsolete and may be
destroyed by Seller after two (2) consecutive years have elapsed without
Buyer placing an order for the items which are manufactured using such
property. Seller shall not be responsible for any loss or damage to such
property while it is in Seller® possession or control.

9. Taxes: Unless otherwise indicated on the face hereof, all prices and
charges are exclusive of excise, sales, use, property, occupational or like
taxes which may be imposed by any taxing authority upon the manufacture,
sale or delivery of the items sold hereunder. If any such taxes must be paid by
Seller or if Seller is liable for the collection of such tax, the amount thereof shall
be in addition to the amounts for the items sold. Buyer agrees to pay all such
taxes or to reimburse Seller therefore upon receipt of its invoice. If Buyer
claims exemption from any sales, use or other tax imposed by any taxing
authority, Buyer shall save Seller harmless from and against any such tax,
together with any interest or penalties thereon which may be assessed if the
items are held to be taxable.

10. Indemnity For Infringement of Intellectual Property Rights: Seller shall
have no liability for infringement of any patents, trademarks, copyrights, trade
dress, trade secrets or similar rights except as provided in this Part 10. Seller
will defend and indemnify Buyer against allegations of infringement of U.S.
patents, U.S. trademarks, copyrights, trade dress and trade secrets
(hereinafter Antellectual Property RightsQ. Seller will defend at its expense and
will pay the cost of any settlement or damages awarded in an action brought
against Buyer based on an allegation that an item sold pursuant to this
contract infringes the Intellectual Property Rights of a third party. SellerOs
obligation to defend and indemnify Buyer is contingent on Buyer notifying
Seller within ten (10) days after Buyer becomes aware of such allegations of
infringement, and Seller having sole control over the defense of any
allegations or actions including all negotiations for settlement or compromise. If
an item sold hereunder is subject to a claim that it infringes the Intellectual
Property Rights of a third party, Seller may, at its sole expense and option,
procure for Buyer the right to continue using said item, replace or modify said
item so as to make it noninfringing, or offer to accept return of said item and
return the purchase price less a reasonable allowance for depreciation.
Notwithstanding the foregoing, Seller shall have no liability for claims of
infringement based on information provided by Buyer, or directed to items
delivered hereunder for which the designs are specified in whole or part by
Buyer, or infringements resulting from the modification, combination or use in a
system of any item sold hereunder. The foregoing provisions of this Part 10
shall constitute Seller@ sole and exclusive liability and Buyer® sole and
exclusive remedy for infringement of Intellectual Property Rights.

If a claim is based on information provided by Buyer or if the design for an item
delivered hereunder is specified in whole or in part by Buyer, Buyer shall
defend and indemnify Seller for all costs, expenses or judgements resulting
from any claim that such item infringes any patent, trademark, copyright, trade
dress, trade secret or any similar right.

11. Force Majeure: Seller does not assume the risk of and shall not be liable
for delay or failure to perform any of Seller®@ obligations by reason of
circumstances beyond the reasonable control of Seller (hereinafter vents of
Force MajeureQ. Events of Force Majeure shall include without limitation,
accidents, acts of God, strikes or labor disputes, acts, laws, rules or
regulations of any government or government agency, fires, floods, delays or
failures in delivery of carriers or suppliers, shortages of materials and any
other cause beyond Seller® control.

12. Entire Agreement/Governing Law:  The terms and conditions set forth
herein, together with any amendments, modifications and any different terms
or conditions expressly accepted by Seller in writing, shall constitute the entire
Agreement concerning the items sold, and there are no oral or other
representations or agreements which pertain thereto. This Agreement shall be
governed in all respects by the law of the State of Ohio. No actions arising out
of sale of the items sold hereunder or this Agreement may be brought by either
party more than two (2) years after the cause of action accrues.
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