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AIR MOTORS

MODEL 22RW
7/16 HP - 500 RPM

List Price $795
SPECIAL REBUILT PRICE
OUR PRICE NEW

. CLECO
MODELS

10NS-12A & 10D-12
1000-1500 RPM

List Price $325
SPECIAL REBUILT PRICE

$65

MODEL 3007
1-1/4 HP
3000 RPM

List Price $560

SPECIAL REBUILT PRICE  $155

INGERSOLL-RAND

e )

MODEL 180
1000 RPM

List Price $695

SPECIAL REBUILT PRICE  $190

KELLER

MODEL 1001, IVR-42N
325 RPM
REVERSIBLE
List Price $550

SPECIAL REBUILT PRICE  $195

THOR

MODEL 253G
7/16"" Capacity 700, RPM

List Price $640
SPECIAL REBUILT PRICE  $115

 INGERSOLL-RAND
R o -

STARTING MOTOR
List Price $800
SPECIAL REBUILT PRICE

20

$345

ARO

Cres-n

MODEL 7175
3/16" to 5/16"' Capacity

List Price $245
SPECIAL REBUILT PRICE

CLECO

MODEL 101-NS
495 RPM

List Price $605

SPECIAL REBUILT PRICE  $105

INGERSOLL-RAND

MODEL 380M
1100 RPM
List Price $1300
SPECIAL REBUILT PRICE

$295

INGERSOLL-RAND

MODEL 30
185 RPM

List Price $5600
SPECIAL REBUILT PRICE $1200

KELLER

MODEL 16 J44
560 RPM

List Price $685

SPECIAL REBUILT PRICE  $155

" PAINT MIXING MOTOR

DEVILBISS
BINKS

List Price
$290

$95

SPECIAL REBUILT PRICE

ARO

MODEL 7919
1/3 H.P. - 2500 R.P.M.
3/8" - 24 Thd. Shaft

New $235.00 - REBUILT  $115

$70 .

&
w

COH 14 4500 38 5

KELLER PISTON DRILLS '\

NON-REVERSIBLE
For Reversible Model
Add $50.00

Chuck or
Mode) Cap. RPM Morse Tapers:Weight Rebuilt
RN .

$115

C0S 1A 28000 38 115
T 0 516°1800 38 5 115
0S1 38 900 12 6 115
0S2 116 625 17 6 115
0S3 58 315 58 § 120
IVH 12 15000 12 I 155
V12 1200 12 i 175
9/16 750  5/8 12 19

C sl

"

1v82 5/8 500 5/8 12 195
1vS3 78 350 5/8 12 200

VM 29/321200 2MT. 26 260
v 29321 700 2 26 260
vSl 29132 500 2 2% 275
82 1:1/4 400 3 28275
© oS3 Ll 300 3 28 275
H 1 580 3 3 280
Tl 1 4% 3 37 280
TSI 114 4l0 3 37 280
©OWS2 112 330 4 8305
3 V83 L2 270 4 B 305
vs4 2 150) 4 40 335
VS5 214 109 5 40 385
ARO
MODEL 7819
650 RPM
i List Price $605
SPECIAL REBUILT PRICE

CLECO

- —

MODEL 401-NS
460 RPM

List Price $560
SPECIAL REBUILT PRICE

INGERSOLL-RAND

MODEL 2P
230 RPM

List Price $565
SPECIAL REBUILT PRICE

PISTON NUTSETTER

SPECIAL REBUILT PRICE

3

$115

$155 .
BARRY AIR TOOL SALES » 10650 CLOVERDALE « DETROIT, MICHIGAN 48204

T Ane
Rebuilt Guaranteed

MOTORS
#1, #2, #3
& #4MT
Variable Speeds
SPECIAL REBUILT PRICE
FRom  $115

KELLER
REV. & NON-REV.

MODELS O-Iv, fvsi
IVS3 & (VSR

350 - 1800 RPM
List Price $695

FROM $1y157_ -
KELLER SCREWDRIVERS

PISTOL GRIP
NON-REVERSIBLE
Takes Standard Hex Bits

SPECIAL REBUILT PRICE $24.95

el o e AR

MODEL E9G
5.4 HP - 130 RPM
NON-REVERSIBLE

List Price $1995
SPECIAL REBUILT PRICE  $535

THOR

L

MODEL 5™
800 RPM

List Price $360

SPECIAL REBUILT PRICE ~ $195

ARO

)

MODEL 7256 BS
1/3 HP. - 750 R.P.M.
3/8" - 24 Thd. Shaft

New $230 - REBUILT  $115




REBUILT

AIR TUGGERS

GUARANTEED
|

INGERSOLL —
RAND TUGGER INGERSOLL — RAND TUGGER
LIST $2905 LIST $4690
Size BU 750 Ib Capacity Sire 0011 1000 Ib Capacity
Lifting Speed 40 Ft Per Lifting Speed 75 Ft Per Min
Min Weight 75 Ibs. Cable Weight 275 lbs Cable Capacity
Capactty 350 Ft of 3/16" 290 F1 of 5/16”
Special Reburlt Price $135000 Special Reburlt Price $197500

INGERSOLL — RAND TUGGER
LIST $6285

Size HU. 2000 Ibh Capacily
Litting Speed 124 F1 Per Min
Weight 490 Ibs
Cable Capacity 400 F1 of 7/16"

$2995.00

Special Rebuilt Price

Weight 562 Ibs
Cable Capacity 850 Ft of 7/16™
Special Rebuilt Price $329500

INGERSOLL — RAND TUGGER
LIST $6870

Srze HUL |

2000 Ib Capacity
Lifting Speed 124 Ft Per Min

INGERSOLL — RAND TUGGER
LIST $4145

Size DU 750 1Ib Cuapacity
Lifting Speed 75 Ft Per Min. Weight 270
ibs Cable Capacily 290 FL of 5/16"

Rebusll Price $147500

Size KaU, 4000 Ib. Capacity
Lifting Speed 95 Ft Per Min
Cable Capacily 550 Ft of 1/27
Weight 850 Ibs

$5995.00

Special Rebuilt Price

LIST $4600
Model HE Tu

for continuou

REBUILT

many limes by use of s
and tackle

GARDNER-DENVER
AIR MOTOR

Reversible
Model MKB
2500 RPM
10OHP
Weight 180 Ibs
Barrys Special
Rebuill Price

$715.00

.

LSt
$1900

Dirert Drnive

GARDNER DENVER

and Utihty Horsl

heavy duty service

Ritted capacity 2500 1bs at 80 Ibs anr
pressure Capacily can be increased

gger

S

$2295.00

heave or block

INGERSOLL-RAND
AIR MOTOR

Size CM 29 HP

<
;i;go [ Geared Drive Mator
I Size E9G. 54 HP
130 - 285 RPM

A Direct

1400 to 3200 RPM Dnive Geared Drive
Weight 130 1bs

Special Barrys Special
Rebuill Phice $65000 Rebuilt Price

INGERSOLL-RAND
AIR MOTOR

E9G Non- Reversibie \

Weighit 205 1bs

GARDNER DENVER
LIST $2425
Model HB
Rated capacity 1000 Ibs

at 80 ibs wr pressure

Capacily can be increased
many fimes by use of
sheave or block

lackle

$1150.0

Barrys Special Rebuslt Price

$835.00
BARRY AIR TOOL SALES e 10650 CLOVERDALE e DETROIT, MICHIGAN 48204

0

83




HEAVY DUTY DR'LLS Heavy Duty Air Drills are preferred for production work because they
; ) have the absolute smoothress of operation that i1s so necessary tor
accurate drilling, reaming, tapping, nut running. etc At the same

time, they possess the power to keep them up to speed when under

REBU'LT a load They are light in weight and easy to handle Their power and
efficiency make them ideal tools for many jobs that formerly

1/2°T0 3'CAPACITY required larger and heavier machines.

NON-REVERSIBLE

REVERSIBLE

Size of Approx. Size of Approx.

CAP. Manufacturer Model RPM M.T. List Rebuilt CAP Manufacturer Model RPM M.T. List Rebuilt
- 1f2"  [CHICAGO PNEUMATIC 310-P 925 1 or Chuck $2200.00 $ 495.00 § 9/16"" |CHICAGO PNEUMATIC 3I5R 750 2 $2350.00 $ 700.00
CHICAGO PNEUMATIC 310-S 925 1 or Chuck 2200.00 495.00 INGERSOLL RAND 22H 1500  Chuck 2390.00 725.00
INGERSOLL RAND 22K 125 lor2 239000 725.00
9/16” |CHICAGO PNEUMATIC 315 750 1 or Chuck 2460.00 650.00 ROTOR 40C 700 2 1965.00 585.00
CHICAGO PNEUMATIC 323-S 550 1 or Chuck 2460.00 650.00 ROTOR 20 500 1 1965.00 585.00
CHICAGO PNEUMATIC 323.S 700 1or Chuck 2460.00 650.00 THOR 353RXK 700 lor2 1965.00 675.00
CHICAGO PNEUMATIC 315 500 1or Chuck 2460.00 650.00
INGERSOLL RAND 2XL 500 2 2370.00 650.00 7/8"  |CHICAGO PNEUMATIC 315R 200 3 2415.00 875.00
INGERSOLL RAND (New) 2XK 725 1 2370.00 775.00 CHICAGO PNEUMATIC 315R 350 2 2415.00 875.00
THOR 2536 700 Chuck 2370.00 625.00 CLECO 101AR 300 2 1890.00 695.00
THOR 253X 700 1 2370.00 625.00 INGERSOLL RAND 221 550 2 2390.00 750.00
THOR 353x 700 1 2370.00 675.00 THOR 353RZ 200 3 2360.00 725.00
THOR 353y 550 1 2370.00 675.00
- 15/16" [CHICAGO PNEUMATIC JI5R 100 3 2515.00 895.00
78" |CHICAGO PNEUMATIC 323.S 350 1or Chuck 2875.00 700.00
CHICAGO PNEUMATIC 315 315 1or Chuck 2875.00 725.00 29/32"" | CHICAGO PNEUMATIC 327R 700 2or3 4160.00 1025.00
INGERSOLL RAND 2XM 350 2 2370.00 725.00 CHICAGO PNEUMATIC 326R 650 3 4160.00 950.00
THOR 3532 350 1 2370.00 675.00 INGERSOLL RAND 33) 450 2 4160.00 1250.00
THOR 362RH2 700 2 4160.00 950.00
29/32" (CHICAGO PNEUMATIC 327 700 2 3750.00 950.00
CHICAGO PNEUMATIC 326 700 20r3 3750.00 900.00 CHICAGO PNEUMATIC 327R 500 3 4290.00 1150.00
INGERSOLL RAND 3H 800 2 3890.00 1075.00 INGERSOLL RAND 33SH 800 3 4290.00 1150.00
INGERSOLL RAND 3 450 2 3890.00 1075.00 INGERSOLL RAND 338) 450 3 4290.00 1150.00
THOR 362H2 700 2 3790.00 900.00 THOR 362RX3 450 3 4190.00 1075.00
THOR 263RM 450 3 4190.00 1050.00
1” CHICAGO PNEUMATIC 326 450 2 4160.00 1025.00 THOR 363RY3 350 3 4190.00 1175.00
CHICAGO PNEUMATIC 327 450 3 4160.00 1075.00
INGERSOLL RAND 38) 450 3 4260.00 1075.00 1-1/8”" |CHICAGO PNEUMATIC 327R 400 3 4390.00 1300.00
INGERSOLL RAND ISH 800 3 4260.00 1075.00 CHICAGO PNEUMATIC 327R 230 3 4390.00 1300.00
THOR 362X 450 3 4260.00 1025.00 CHICAGO PNEUMATIC 327R 160 4 4555.00 1825.00
CLECO 103AR 160 3 4555.00 1250.00
1-1/8" |CHICAGO PNEUMATIC 327 375 3 4890.00 1175.00 INGERSOLL RAND 44SL 225 ) 5300.00 1850.00
INGERSOLL RAND 4) 450 3 4900.00 1175.00 INGERSOLL RAND I3SM 185 3or4 4345.00 1850.00
INGERSOLL RAND M4) 450 4 4900.00 1175.00 INGERSOLL RAND I3M4 185 4 4210.00 1850.00
INGERSOLL RAND ISM 185 3 4200.00 1650.00 INGERSOLL RAND 44) 450 3 5300.00 1275.00
INGERSOLL RAND 4K 310 3 4900.00 1275.00 INGERSOLL RAND 335K 300 3 4290.00 1275.00
INGERSOLL RAND 3SK 300 3 3900.00 1175.00
ROTOR 884 200 4 3490.00 925.00 CHICAGO PNEUMATIC 350R 275 4 5475.00 1880.00
THOR 3632 250 3 3690.00 1050.00 CHICAGO PNEUMATIC 350R 450 ) 5475.00 1880.00
THOR 363Y 350 3 3690.00 1075.00 CHICAGO PNEUMATIC 350R 100 ) 5475.00 1900.00
THOR 363X3 450 3 3690.00 1100.00 INGERSOLL RAND M55K 300 4 5775.00 1975.00
INGERSOLL RAND 44SM 160 4 5450.00 1925.00
' CHICAGO PNEUMATIC 350 275 4 5175.00 1775.00 THOR 385RY 310 ) 5190.00 1425.00
CHICAGO PNEUMATIC 350 450 4 5175.00 1775.00 THOR 264RY 130 4 5190.00 1375.00
INGERSOLL RAND 45M 160 4 5150.00 1800.00
INGERSOLL RAND M5) 450 4 5150.00 1750.00 2-1/2" | CHICAGO PNEUMATIC 327R 9% ) 5815.00 1975.00
THOR 385Y 300 4 4890.00 1375.00 INGERSOLL RAND 55L 200 ) 5775.00 2075.00
THOR 385Y3 300 3 4890.00 1375.00
CHICAGO PNEUMATIC 350R 100 5 5815.00 1675.00
2-1/2" |CHICAGO PNEUMATIC 350 150 4 5175.00 1800.00 INGERSOLL RAND 55-SM 120 5 5775.00 1975.00
INGERSOLL RAND 5-SM 120 5 5175.00 1900.00 THOR 385RLI 125 3 5410.00 1600.00
SPECIAL DRILLS AVAILABLE OVER |CHICAGO PNEUMATIC 350R 65 5 5815.00 1900.00
" INGERSOLL RAND 55R 25 5 5775.00 2075.00
OTHER MODELS AVAILABLE THOR 385RLS 75 5 5775.00 1875.00

ALL PRICES QUOTED ARE F.O.B. OUR DETROIT PLANT
BARRY AIR TOOL SALES * 10650 CLOVERDALE o DETROIT. MICHIGAN 48204 25
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The

stainless Steel Body
Fluid Power Cylinder

I
o

AL
P

Y

|
AN

!

2" BORE

O Enter Stroke Length as 3rd Digit

“500” HYDRAULI

B Push Force = 3.14 x psi, Pull Force = 2.83 x psi

C CYLINDERS

M Rated 500 psi Hydraulic (non-shock), Double Acting

H-31C]-DBZ

DESCRIPTION

Front Block Mount
Standard Stroke Lengths:
1" increments to 6"
Maximum Stroke 12"

$84.25

BASE PRICE

Add $2.30 per inch
of stroke

625 DIA,
ROD

1.00 —1

// .5

$.47 PLUS STROKE ————————==
4 HOLES FOR 3/8° |
,/SOC. HEAD CAP SCREW |

/—Hl NPT

¢ OIA. C'BORE x .38 OP

9/18"" FLATS!

Universal Mount-Double End
or Rear Pivot—

Standard Stroke Lengths:

1* increments to 12"
Maximum Stroke 32"

Optional Accessories:

D-8325-A Pivot Bracket

D-8319 Mounting Bracket
D-8313-A Clevis

$78.90

BASE PRICE

Add $2.30 per inch
of stroke

—— — 7.00 PL

625 OIA 42
- - T2
ROD 1.82 i

112 ‘

- 6.50 PLUS STROKE

US STROKE

1/12'".20/

117472

|1
Lizso oiaJ gs— \
MQUNTING THREADS - 438 DIA.

Nose Mount

Standard Stroke Lengths:
1" increments to 6"
Maximum Stroke 12"

Optional Accessory:
D-8319 Mounting Bracket

$73.65

BASE PRICE

Add $2.30 per inch
of stroke

142200 || N
/2" HEX

8/16"" FLATS - 1 17472

EAT—
11! i

L1.250 D14, 1.28
MOUNTING THREADS

72



HYDRAULIC CYLINDERS

@
HEX-STUD made from TIE-BANDS® Reinforce both ends
Inegasreeg'efa“aurzydsteel. Sintered Bronze of Type 304 Stainless Steel Body
to overload, the ue Piston Rod Guide “O” Ring Rolled in a groove on the “o" Ring  Sintered Bronze
h rti il Bushing periphery of each end cap Pivot Bushing
exagon portion will doubling joint strength
remain in rod and can

be easily removed

N

ittt

ST

Buna N Rod Wiper
Seal assures dry
drip free piston rod

Block V seal with Filled Piston Rod
back up washer Teflon piloted into piston-
Bearing threaded and riveted

Piston Rod—Hard Chrome plated

100,000 psi min. yield steel
Buna N Block V Seals
with back up washers




' 67
REPLACE THOSE BULKY TIE-ROD CYLINDERS WITH THE
STREAMLINED BIMBA DOUBLE-WALL® TIE-TUBE DESIGN AIR
CYLINDER. ONE BASIC CYLINDER CONVERTS INTO SIX NFPA
MOUNTING STYLES.

Clevis MP-1

ANATOMY OF THE BIMBA DOUBLE-WALLY®

EPOXY COATED ALUMINUM O-RING BODY SEAL
TIE-TUBE
BLOCK VEE
BLOCK VEE ROD SEAL | PISTON SEALS | RE'gngG
ALUMINUM ALLOY | 304 STAINLESS STEEL \ ‘»
BRONZE BUSHING & \ \
LIP SEAL WIPER , SELF ALIGNING HEAD BODY \ NPT PORTS |

B

|
\

\
FOUR NFPA
ROD END OPTIONS

| \ i \

CUSHION CUSHION SEAL | :
ADJUSTING SCREW \ PISTON 1’35 ARING | ADJUgli"ISNHCIEOS%R Ew
RETAINING PLATE HARD CHROME RING /
PLATED ROD |

STAINLESS 1
CUSHICN®



4’ sore DOUBLE-WALL ssﬁlsé Dv\i-125

¢ TIE-TUBE - Epoxy Coated Alumlnum

e BODY - Smooth I.D. Type 304 Stainless Steel

+ PRESSURE RATING - 200 PSI Air

* POWER FACTOR - 12.5 of Air Line Pressure
* PISTON ROD - Hard Chrome Plated, Standard
*« BUNA N SEALS - Viton see Page 9 for Prices

¢ CUSHIONS — Exclusive Bimba STAINLESS CUSHION®.
Available Either or Both Ends, see Page 2 ‘‘How to

Order’’ and Page 9 for Prices

. STROKE LENGTHS 1" Increments Thru 24" Standard, Long and
Fractional Strokes Avallable on Request

« ROD END OPTIONS - Four NFPA Rod Ends Available, see Page 2
for Price and Dimensions. See Important Information, Inside
. “Back Cover for Special Rod and Rod End Availability. One-
‘Piece Threaded Male Rod (style #2) Shown Below |s
Sh:pped Unless Otherwise Specitied.
+« MOUNTING KITS - Six NFPA Mountings Available in Kits (including
- necessary hardware) for Attachment to Basic Cylinder.
 MOUNTING KITS AND BASIC CYLINDERS ARE ORDERED
‘AND SHIPPED AS SEPARATE ITEMS.

BASIC DO_U BLE-WALL‘” cv‘Llnnen

(See Page 2 - How To Order)

DESCRIPTION

4" BORE MOUNTING KITS

MSL-125
b

Side Lug Mount
End Lug Mount

END LUG MOUNTS (NFPA Ms-7)

700 « STROKE

—t ke —= P 219 b= 2.62 + STROKE
800Y DIA. A3 P l/ 12 - NPT :
- 50~

kY

[ wrd 1

O % - T

LI L 2 .
L_ _E ’ | (
3.32 gl - 2.00-=~r>——13.00 » STROKE ——————= 1.69
.38 BOLT DiA- = .36L—_ 6.25 « STROKE

MOUNTING KIT #MEL-125 PRICE $20.35

b

BASIC DOUBLE-WALL CYLINDER DRAWINGS

DW SERIES

Va 1 15/ ~10
,/\‘ — in .
comP T 21/ VAN 14 Woo,, Fwg,, (oo
nu‘ac AAQ'OO L ’——24/ ; _2\3 Q "'On. Oy
03 . . &0 : U,, YL/ Ste
B e \\\\“O\A a oy 0733’6"7 /r/ges’?/‘re "ora,,
! N
N3¢ 850 5767 Fax. 39107 %%0n, ©€2 59
108!3 Z08l8 233 8
e 7, 397080
_ _ i
58~ 26127~ |
30— - 25~
§n_ @/_ USED IN MOST

MOUNTING KITS AND ON ALL 34"
AND 4" BORE BASIC CYLINDERS.
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182 FLUID POWER ACTUATORS 7

Fig. 7-6. Universal alignment mounting accessory for fluid cylinders.
(Courtesy of Sheffer Corporation, Cincinnati, Ohio.)

mating clevis at each end of the cylinder (see Fig. 7-6), the following benefits are

obtained:
1. Freer range of mounting positions
2. Reduced cylinder binding and side loading
3. Allowance for universal swivel
4. Reduced bearing and tube wear
5. Elimination of piston blow-by caused by misalignment

The force output and piston velocity of double-acting cylinders is not the same
for extension and retraction strokes. This phenomenon is due to the effect of the rod
and is defined by Eqs. (7-1)-(7-4).

Extension stroke:

force (Ib) = pressure(psi) X piston area (in.2) 7-1

input flow (ft3/sec)

i t/ =
velocity (ft/sec) piston area (ft?)

(7-2)
Retraction stroke:

force (Ib) = pressure (psi) X [piston area (in.?) — rod area (in.2)]  (7-3)

input flow (ft3/sec)
piston area (ft?) — rod area (ft2)

velocity (ft/sec) = (7-4)



The Better Choice...

from Amalga Composites,inc.

Black-Amalgon,
the Alternative
to Metal

For more than 20 years,
there has been an alter-
native to metallic pneu-
matic and hydraulic
cylinder tubing for low-,
medium- or high-pres-
sure systems:
Black-Amalgon™.

Constructed of fiber-
reinforced thermoset
epoxy matrix, Black-
Amalgon has an inner
layer of evenly dispersed
low-friction additives. The
result: A light-weight, high-
strength, corrosion-resistant com-
posite material which can easily replace
carbon steel, honed and chromed steel, stainless steel,
aluminum, or brass cylinder barrels.

Black-Amalgon for low pressure applications is con-
structed of a fiberglass/epoxy composite. Depending
upon the pressure requirements, medium pressure and
high pressure versions may incorporate other materials
in hybrid configurations.

Four Big Reasons

1. 75% Reduction in Weight — Right off the bat, Black-

Amalgon saves you money in material costs, handling,
shipping and storage. At approximately 1/4 the weight
of steel or brass, and 3/4 the weight of aluminum,

Black-Amalgon is much easier to handle than tradition-

al metal tubing. Therefore, freight costs are lower,

assembly times
are reduced, and stress loads
on connected component parts decrease.

2. Superior Corrosion Resistance — You can

expect trouble-free performance in chemical, high
moisture and other adverse environments that would
normally corrode or impair the operation of metals. No
problem with salt or chlorinated water either. With
Black-Amalgon, you'll see significant reduction in life-
cycle costs.

3. Reduced Maintenance Costs — Say "good bye” to

piston lock-up probiems. Black-Amalgon's patented
manufacturing process ensures a smooth, self-lubricat-
ing, homogeneous internal surface that prevents pis-
tons from sticking, even after they've remained idle for
some time.

. Eliminate Honing Costs — A surface smoother

than honed steel.. . without the cost of honing. A 5-15
RMS micre-inch ID finish performs just like a honed or
chromed surface.

Chemical CHEMICALS BRASS ALUMINUM EPOXY

Resistance —

Available Cylinder Niric ACIq 10% NR NR R

Tubing Material Phosphoric Acid 20% NR NR R

Acetic Acid 10% NR R R

Sodium Hydroxide Fair NR R

Amonium Hydroxide NR NR R

Calcium Sulfate R R R

Sodium Nitrate R R R

A — Recommended Sodium Chloride NR NR R

NR —Non-recommended Ammonium Chioride NR NR R

Calcium Hypochloride NR NR R

Teo sttt g e onen Water R R R

- N Gasoline R R R

Motor Ol R R R

Hydraulic Fluid R R R
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Need More Reasons to Choose
Black-Amalgon?

& No More Catastrophic Failures — \When metal tub-
ing catastrophically fails dangerous shrapnel may result.
Should Black-Amalgon fail. there is micro-cracking
which simply releases pressure to safe levels.

@ Shape Stability and Impact Resistance — Ship,
store and cut Black-Amalgon — it will retain its circular
shape. And unliike metals, the product simply does not
dent. Material impact strength is 40 izod ft, Ibs.

@ Easy Bonding; Uses Standard End-Fittings — The
material can be easily bonded to most metals using a
readily avallable two-part epoxy bonding kit. (Contact
us to discuss bonding to non-metallic materials.) Tie rod
or bonded end-cap configurations are the common
choice when Black-Amalgon is used as cylinder tubing.

A Can be Pigmented or Painted — Need a different
color? No problem. Black-Amalgon can be pigmented
or painted any color you need. Standard urethane-
based paint works well for most applications.

@ Excellent Thermal Stability; Non-Interference —
With a very low coefficient of thermal expansion. Black-
Amalgon operates efficiently from -100° F to +270°F.
Customers have reported success in using the material
in temperatures below -200"F. Unless requested oth-
erwise, the material will not interfere with electronic or
magnetic componentry.

3 Machinability — Black-Amalgon can be cut, cham-
fered. ground to tight tolerances, shouldered, bored
and threaded...to meet your engineering requirements.

™ Best Composite Process — Black-Amalgon offers
the best combination of strength-to-weight ratio, burst
strength. and axial loading capability when compared to
tubular structures made by other composite processes.

Black-Amalgon
Cycle Tested For Maximum Performance

5 pound side load

10.000.000 cycles dry cviinder test
without measurable cylinder wear.

Relative Thermal Conductivity of Samples of Black Amalgon
In Comparison With Pure Metal Tubes

Density Thermal Conductivity
Material p, lbs/in’ K, BTU/ftehre’F
Amalgon 072 0.250
Brass 320 £1.000
Stesl 280 30.000
Aluminum 100 132.000
Zinc 250 65.000
Copper 320 223.000

Large Inventory of Tooling,
Fast Deliveries

Qver the years, we have established an extensive inven-
tory of tooling to meet most needs. If not available, we
will gquote the cost of creating the tooling separately.
Currently, tooling is in-house to manufacture Black-
Amalgon from 1/2-inch ID to 30-inch ID. Metric sizes are
alsc available, Wall thickness can be varied to meet pres-
sure reguirements or component geometry.

If you're in a hurry, lead times are often significantly
less than required for metal structures because the self-
lubricating. honed-like 1D is achieved without lengthy
honing. We can also stock products to meet your JIT
requirements,

Innovative Composite
Structures since 1966

AMALGA COMPOSITES, INC.

AN A TTMPOSITER NG

10600 West Mitchell Street. West Allis, Wi 53214 Phone 414 153-G355

We Go To Any Lengths

Black-Amaigon is sold in random lengths or cut pieces.
We will go to any length to provide superior product qual-
ity and responsive service.

Founded in 1966, Amalga Composites, Inc. has
grown to be leader in designing, engineering and manu-
facturing filament-wound composites to meet the tough
environmental and performance requirements of the fluid
power industry.

Interested?

Call for additional technical supplements, sizing and pric-
ing for Black-Amaigon and other composite products
available from Amalga Composites. Inc. We're interested
in helping you. Call 1-800-262-5424

Fax 414 453-8561

e vt e S S 1 1 e
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Amalga Composites, Inc. ... The Better Choice. BA.05-93

lack-Amalgon® is a patented fiber-reinforced thermoset composite material

specifically designed for use in cylinder tubing applications. Its material

strengths, corrosion resistance, minimum 75% weight savings when
compared to steel, and 5-15 RMS microinch bore finish offer significant benefits
when compared to traditional metals.

OEM cylinder, actuator and motion control companies, OEM machine builders,
end-user systems and equipment manufacturers have used Black-Amalgon® to
replace steel, aluminum and brass for years.

More detailed information on strengths and material properties, corrosion resistance,
and possible design modifications will be made promptly available upon your request.

STANDARD MEASUREMENT SYSTEM

Bore Tolerances

Standard Available by Nominal Operating  Operating
Bore Nominal Selected 0.D. Random PSI PSI Weight
Model Size Bore Size  Procedures Size? Lengths Non-Tie Rod Tie Rod -Per Foot Model
No.! (Inches) {Inches) {Inches) (Inches) To Design? Design3 LBS No.

~ BA100  1.000 }888_ 200 1558 Efeet 1220 2,440 .33 BA100
 BAT112 1125 H%g ) ;888 }5?2 5 feet 1080 2,170 37 BA112
BA125 1.250 l 522 ;88(2) 1?82 5 feet 980 1,950 41 BA125

~ BA150 1.500 12827 ;888 HEE{ 5 feet 810 1620 50 BA150
BA175 1.750 178 o o 5 feet 700 1,390 56 BA175

BA200 2.000 %882 W ;888 5522 10feet 610 1,200 66 BA200
 BA225 2250 ;522 ;;882_ 3282 10 feet 543 1,000 75 BA225
BAZSO 2500 5oe Lo 2760 10fest 490 970 83 BAJSO0

BA275  2.750 5523 ;8891 %898 10 feet 440 890 91 BA275
~ BA300 3.000 %88@ ;882 5528 10 feet 410 810 1.0 BA300
 BA325 3.250 2322 ;;882 52?8 10 feet 380 750 1.1 BA325
 BA350 3500 3288 ;;883 5528 10 feet 350 700 12 BA350
 BA375 3.750 3528 ;88? 38?8 10 feet 330 650 13 BA375
77777 BA400  4.000 a0 o0 458 10 feet 300 610 1.3 BA400

~ BAS500 5.000 28?8 N 883 2528 10 feet 240 490 1.7 BA500
 BAS575 5.750 2528 ;;888 2898 10 feet 210 420 19 BA575

BAB0O 6.000 28?8 - ;88@ 2328 10 feet 200 410 2.0 BABOO
BA700 7.000 k_};g?g 00y 752 10feet 170 350 23 BA700
~ BA800 8.000 3892 ) ;889 2%22 10 feet 150 300 27 BAB0OO
_BAT000-A  10.000 }8888 ;;888 }82?8 10 feet 190 330 5.0 BA1000-A
' BA1000-B 10.000 18888 ;_88% 18‘5128 10 feet 260 430 6.7 BA1000-B
BA1200-A  12.000 150 ;B% ]%?1?8 10 feet 160 280 8.0 BA1200-A
' BA1200-B 12.000 ]%888 ;8?8 15‘5138 10 feet 220 360 8.0 BA1200-B
BATA00-A 14000 lao99 o0 449 10feet 140 240 70 BA1400-A
BA1400-B 14000 11090 -9i0 149 10feet 190 310 93 BA14008
_BAIG0OB 16000 1303 L010  igse  10feet 170 270 107 BAIG00B
BA1600-C 16.000 12999 ;8?8 12258 10feet 210 320 134 BAI1600-C

18.000 -000 18.490

BA1800-B 18.000  15.025 +010 18.550 10 feet 150 240 ns5 BA1800-B




Bore Tolerances

Standard Available by Nominal 74 Operating  Operating
Bore Nominal Selected O.D. Random PSi PSI Weight
Model Size Bore Size  Procedures Size? Lengths Non-Tie Rod Tie Rod Per Foot Model
No.1 (Inches) (Inches) {Inches) {Inches) To Design3 Design3 LBS No.

18.000 -.000 18.620

_BA1800-C 18.000 18.025 +.010 _ 18.690 10 feet _. 190 290 15.0 BA1800-C.
20.000 -.000 20.490

~BA2000-B 20.000 20.025 +.010 20.560 10 feet 130 220 135 BA2000-B
20.000 -.000 20.620

~ BA2000-C 20.000 20.025 +.010 20.700 10 feet 170 260 17.0 BA2000-C
24.000 .000 24.620

BA2400-C 24.000 24025 . .020 24.700 104 inches 140 220 19.1 BA2400-C
30.000 .000 31.000

~ BA3000 30.000 30.025 .020 31.080 104 inches 190 270 38.6 BA3000

METRIC MEASUREMENT SYSTEM

Bore Tolerances

Standard Available by Nominal Operating Operating
Bore Nominal Selected O.D. Random PSI PSI Weight
Model Size Bore Size  Procedures Size? Lengths Non-Tie Rod Tie Rod Per Foot Model
No.? {Inches) {Inches) {Inches) {(MM) To Design3 Design3 LBS No.
1.260 -.000
_ MBAS32 32 1.266 +.002 38.4 5 Ft. 960 1930 44 MBA32
1.575 -.000
_ MBA40 40 1.581 . +.002 46.4 5Ft. 770 1550 .54 _MBA40
1.969 -.000 .
~MBASBQ 50 1.975 +.003 56.4 10 Ft. 610 1240 . .65 MBABO
2.480 -.000
_ MBAB3 63 2.488 +.003 69.4 10 Ft. ...490 980 .82 MBAG3
2.835 -.000
MBA72 72 2.843 +.004 78.4 10 Ft. 454 845 71 MBA72
3.150 -.000
_ _MBA80O 80 3.158 +.004 96.4 10 Ft. 380 770 1.1 MBAB0
3.937 -.000
MBA100 100 3.947 +.005 106.4 10 Ft. 310 620 1.3 MBA100
4.921 -.000
~ MBA125 125 4.937 +.005 121.4 10 Ft. 250 500 1.6 MBA125
4.921 -.000
MBA125-A 125 4.931 +.005 . 1345 10Ft. 400 _ __ 690 2.4 MBA125-A
6.299 -.000
~ MBA160 160 6.311 +.005 166.4 10 Ft. 190 390 2.0 MBA160
6.299 -.000
MBA160-A 160 6.311 +.005 169.5 10 Ft. 310 540 3.1 MBA160-A
6.299 -.000
MBA160-B 160 6.311 +.005 172.7 10 Ft. 430 680 4.2 MBA160-B
7.874 -.000
MBA200 200 7.889 +.008 206.4 10 Ft. 150 310 2.5 MBA200
7.874 -.000
_MBA200-A 200 7.889 +.008 208.5 10Ft. 250 430 3.8 MBA200-A
7.874 -.000
MBA200-B 200 7.889 +.008 212.7 10 Ft. 340 550 5.1 MBA200-B

FOOTNOTES: 1. Under 1.000-inch tociing available. Tocling constantly upgraded. Call for availability. 2. Wall thickness can be changed to meet pressure or
geometry requirements, from minimum .020 (.5mm} depending upon ID. 3. Operating pressures calculated with minimum 4:1 safety factor.

LET US QUOTE YOUR APPLICATION!
FAX this to 414-453-9561.

D — N, DIMENSIONS

____________________________ A B C

4 # CHAMFER: YES NO _ DEGREES

;\ j SHOULDER:  YES NO __ DEPTH LENGTH
____________________________ HOLES: YES NO _____ DIAMETER LOCATION
OTHER OPERATIONS: QUANTITY IN PRODUCTION:
TOLERANCE REQUIREMENTS:  O.D. I.D. LENGTH OTHER
SAFETY FACTOR: __ . CYLINDER APPLICATION? YES NO

T

AMALGA COMPOSITES, INC.
10600 West Mitchell Street, West Allis, Wi 53214  Phone 414 453-9555 or 800 262-5424

Innovative Composite /

Structures Since 1966

e ©1993 AMALGA COMPOSITES. INC



Fluid Power: Pneumatics

75

0laf Johnson

Air-Driven Actuators

The oldest type of air-driven actuator is
probably a piston siiding in a cylinder,
similar to actuators used for hydraulic
systems. For pneumatic operation this
type of actuator requires a seal or packing
at the piston to keep the leakage at this
point down to a minimum. This, of course
requires good lubrication. The lubrication
necessary for good sealing also reduces
friction. Corrosion may be a serious prob-
lem for pneumatic actuators and should
alwavs be considered when selecting
material for these actuators.

Double-Acting Diaphragm
Cylinders

Fig. 5-15 is a cutaway view of an air-
operated. double-acting diaphragm cylin-
der. This type of actuator is virtually fric-
tionless and may be designed in many
configurations and sizes for different ap-
niications. Power loss due to friction is
almost negligible, consisting only of the
smalil amount of friction at the piston rod
and the minute amount of power re-
quired to flex the tough. resilient dia-
phragm material.

The stroke is long in proportion to the
roiling diaphragm height. For instance. a
4-inch ror 10 c¢m) diameter and 4-inch ‘or
10 cm; high diaphragm wili provide a

. . -
[ R A O B e T T
SIroKe of Zpoul o lnChes Jar Jo C, UG

lariv, a 5-inch tor 13 cm) diameter and 3

inch tor 15 cmy high diaphragm will

orovide a total stroke of [0-3/16 incnes

I

\ﬂmﬁ N

xI

L=

ANS| SYMBCL

Fig. 5—15. Sectional view Jof air-operated doubie-
acting diaphragm cylinder. (Courtesy of Belloiram
Corparation)

(or 26 cm). The manufacturers ciaim a
working temperature range from —33°F
(or —65°C) to 550°F (or 288°C., and in
some cases a range of —120°F 'or —35°C;
to T00°F tor 370°C) is possibie.
There are carefully designed

phragm materials 10 meet 4 2

>

dia-

tion in appiled pressure, rangin:
little as about 2 torr to 5300 psi 135
Because the major portion of



phragm carrying the working load is sup-
ported by the piston area, the pressure
may in some cases be as high as 1,200 psi
(85 kg/cm?). Service life is also high, in
some cases up to 100 million cycles.

Operation of the cylinder shown in Fig.
5-15 is very simple. Assume that line
air pressure is supplied to port F. Dia-
phragm D will then roll off piston A onto
cylinder wall C. Diaphragm G will roll off
cylinder wall C onto piston A.

According to Pascal's Law, air in a
confined space is distributed equally in
all directions. Therefore the pressure in
space B keeps the piston in a central posi-
tion within the cylinder without need for
bearings to guide it. The only friction,
therefore, is the force required to flex the
diaphragms plus the small amount of fric-
tion between the resilient rod seal and
bushing and piston rod H as it moves up.

To reverse this action, port £ previous-
ly used as the exhaust port would receive
line air pressure and become the inlet
port. Port F, previously the inlet port,
would then be the exhaust port. This re-
versal is easily done with a four-way valve
operated either manually or automatical-
ly depending on the application.

With proper valving and controls this
type of linear actuator can be made to re-
ciprocate at selected rates of cycling, but
in the majority of applications such as
positioning, applying pressure, holding
and retracting, the time interval be-
tween forward and reverse strokes is
fairly long and subject to variations. In
such cases the actuation is often manual-
ly controlled.

As shownin Fig. 5-12, this is a double-
acting cylinder where pneumatic pres-
sure moves the piston in both directions,
forward and reverse. Therefore the piston
rod H requires a seal as shown at I to
prevent pressure from escaping and also a
seal as shown at </ to keep dust and con-
tamination out. Several designs are avail-
able. Some have a spring return, and no
air leak whatsoever is possible.

The convolutions, which are in the radi-
al space K between cylinder C and piston

76

A is relatively very small, depending on
the diameter of piston and thickness and
type of material used for the diaphragm.
Standard convolutions range from 1/16”
(or 1.5 mm) to 1/4” (6 mm). The sidewall
thickness of material ranges from 0.015"
(0.4 mm) to 0.035" (0.9 mm). The dia-
phragms are usually fastened securely in
place by providing a bead along the edge
as shown at L and M. In other cases the
air pressure will hold the diaphragm in
position ag shown at N.

Because the space K is very small, the
tension on the side wall of the material is
also very small. This tension is easily cal-
culated by assuming the following:

S=stress on material, in pounds per
inch of circumference
p=applied pressure, psi
K = width of space in inches
Since the stress S is calculated for 1" of
side wall material, the pressure sould be
calculated for an area of 1 XK, so that:

S_Exle
-2

In the metric system the formula would
be the same, with the following values:
S=stress on material in kg per centi-
meter of circumference
p=applied pressure, kg/cm?
K =width of space in centimeters

An Introduction to Pneumatic Systems

Anderson

Only very small amounts of leakage can be tolerated in the handling
of dangerous fluids such as fluorine. In such cases either bellows or
diaphragms are used. A diaphragm has a single involute and is limited in
stroke. It also has special problems when the direction of pressure drop
changes. Most diaphragms are molded to a shape near their normal
operating shape. Consequently, a pressure reversal which causes the
convolute to flip also causes excessive stress and shorter life and, of course,
discontinuous actuation. The soft materials used in most diaphragms are
not able to withstand either very high or very low temperatures. Metal
bellows are often used where diaphragm stroke is inadequate or where the
temperature causes diaphragm materials to fail.

Bellofram cylinders don't flip over
at end of stroke,
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The Bellofram Diaphragm Air Cylinder

The development of the long stroke
rolling diaphragm for dynamic sealing
proved to be the solution for many
applications requiring low friction, no
lubrication, low leakage, wide tempera-
ture variations, and low total cost. The
popularity of the rolling diaphragm as a
sealing means led to many requests for a
standard line of ""Off the Shelf’” dia-
phragm cylinders; single and double act-
ing, short and long stroke with a wide
selection of effective areas. To meet
these requests, the long stroke rolling
diaphragm cylinder was developed and
Bellofram has supplied many thousands
of them since their 1965 introduction.

What are Diaphragm Air Cylinders?

Diaphragm Air Cylinders are actuators
made from elastomers, engineered
metals and fabrics. They require no
lubrication, are virtually frictionless,

and economical, They can be used to
provide lifting, clamping, pushing, coin-
ing, turning, and other linear force or

actuation motions in many applications.

Where are they used?

Diaphragm Air Cylinders are replacing
conventionally sealed cylinders and act-
uators where low cost and reliability are
requirements. They can be used with
vacuum and gaseous pressure systems
and applications are almost unlimited.
They are currently solving many unique
problems, being used as accumulators,
pumps, reservoirs, expulsion chambers,
shock mounts, impact absorbers, weld
drivers, and tensioners.

Why use Diaphragm Cylinders?

Use diaphragm cylinders when any or ali
of the following requirements must be
met:

® No Lubrication

® Low Friction

® Extremely Sensitive Response To
Small Pressure Variations

® Low Total Cost

No Blow By Leakage

® Low Start-up Pressure

What materials are used in
Diaphragm Air Cylinders?

The diaphragm is constructed of
Neoprene® elastomer reinforced with
Flex-Weave Dacron® fabric to give
exceptionally long cycle life. The
cylinder on sizes 4 and 6 is an impact-
extruded aluminum shell. Larger sizes
are made from a steel shell. The rods are
ground, polished and hard-chrome
plated steel. The bearings are sintered
bronze, molybdenum disulphite impreg-
nated. Other components are high
strength materials with suitable corro-
sion resistant treatment.

Modifications

Our engineering department is contin-
ually providing products designed to
meet specific customer needs. As a re-
sult, a variety of optional components
are available, assuring you of the most
versatile cylinder. The following are
some of the more common options
available upon special order:

Springs — A wide variety of special
springs are available for any Beliofram
air cylinder.

Rods — Rod materials, lengths, and end
configurations can be adapted for
special applications.

Shells — Special plating or painting of
the cylinder shell is available when
required.

Diaphragms — The Bellofram diaphragm
can be made in an almost unlimited
combination of elastomer and fabric.
This would include such materials as
Nitrile, Silicone, Fluorosilicone, elas-

tomers, and various Dacron® and
Nomex® fabrics.

Bearings — In addition to the linear ball
bushing, a variety of bearings are avail-

able. This would include materials such
as Teflon®/glass/Molybdenum (TGM),
Celcon® and others.

The major areas for the use of modified
cylinders are applications where the
cylinder is in contact with corrosive
materials, high temperature applications
{up to 500°F) and in tension control
applications where extreme sensitivity is
required.

To date, well over 900 special modified
cylinder designs have been produced. It
is most likely that we have already
modified a cylinder which will meet
your needs.

General Operating
Information

Bellofram Neoprene Diaphragm Air
Cylinders are rated to operate on plant
air up to 145 psi (10 bar) over tempera-
tures from —40°F to +225°F,

Special diaphragm materials are avail-
able which permit our cylinders to oper-
ate at temperatures of —75°F to 400°F.

An air line lubricator is not necessary
when operating a Bellofram air cylinder.

It is expected that the installation and
operation procedures furnished with
each cylinder will be followed for
maximum service life.

External stroke limiters should be pro-
vided by the customer for limiting the
stroke in both directions on single act-
ing as well as double acting cylinders.

Hydraulic or Liquid Service

Actuating fluids other than air may be
used by simply changing the diaphragm
materials. Consult Bellofram's applica-
tion engineering staff for information
on hydrautic or liquid pressurized
service.

Testing
All cylinders are leak-tested prior to

shipment. However, the cylinder is not
a bubbletight assembly.



Nomenclature

Ordering data for replacement parts
When ordering replacement parts
provide nomenclature of part from
photographs in addition to the CAP DIAPHRAGM RETAINER
D . CAP DIAPHRAGM
following information from the
nameplate on the cylinder: Type,
Size, Series, Rod and Lot Number.
Complete kits are available for
replacement of diaphragms or
bearings. (See page 10)

79

CAP RETAINER NUT
CYLINDER

ROD RETAINING SCREW

BALL BEARINGS*
HEAD

SPRING GUIDE*

INNER ROD BEARING

TYPE: SPRING RETURN
ROD WIPER

PISTON ROD PISTON

ROD END SPRING

HEAD RETAINING SCREW

QUTER ROD BEARING

*Supplied on sizes 16F and larger.

CAP DIAPHRAGM RETAINER

CAP DIAPHRAGM

CAP RETAINER NUT

CYLINDER

ROD RETAINING SCREW

Linear Ball Bearings
available in Super Cylinder.

HEAD “O"” RING SEAL

INNER ROD BEARING

TYPE: DOUBLE ACTING
ROD WIPER

PISTON ROD ——e PISTON

ROD END HEAD DIAPHRAGM

HEAD RETAINING SCREW

OUTER ROD BEARING “U CUP SEAL



Cylinder Weights “Operating Data

Cyl.No. | Lbs. | cyl.No. | Lbs. | cyl.No. | Lbs. | cyl.No. | Lbs. Spring Return Soubls Acting
i"%“; 'S+"°c‘)‘§' Approx. Spring |Approx. Increase +lro(;(3e S+"°(;(§
s4FBP | 4 |sieeBp| 13 | DaFBP 4 | D-16-E-BP | 14 Size |Equiv.|— 12| _ 1% Fsﬂ;giazb"s’;’ F"S'f’g;"('“')::f' 131292
Effective | Bore |Series | Series | Series |{Series
S-4-BP-N 5 S.16-F-BP 14 D-4-N-BP 5 D-16-F-BP 16 Area) |Diam. E F Series | Series | Series| Series E F
Sq. In. in. In. in. E F E F In. in.
S-6-F-BP 5 S-24-E-BP 18 D-6-F-BP 5 0-24-E-BP 20 p 23 1.80 y 3 1.3
S-6-BP-N 6 S-24-F-BP 25 D-6-N-BP ] D-24-F-BP 28 6 2.8 2.40 9 4 1.9
9 3.4 2.20 3.00 17 12 4 4 2.5
S-9-F-BP 8 S-30-E-BP 25 D-9-F-BP 8 D-30-E-BP 26 12 3.9 2.30 3.60 18 18 Y 5 18 31
S$-9-BP-N 9 S-30-F-BP 31 D-9-N-BP 9 D-30-F-BP 33 16 45 2.62 4.20 24 24 8 8 21 3.7
24 55 2.60 524 36 36 1 1" 20 | 46
S-12-E-BP 9 S-36-E-BP 28 D-12-E-BP 10 D-36-E- 29
8P 30 6.3 3.07 6.00 45 54 13 14 24 54
S-12-F-BP| 11 S$-36-F-BP 36 D-12-F-BP 12 D-36-F-BP 39 36 6.8 3.55 6.00 54 54 16 14 29 5.4

Ordering Data

For: Universal, Foot, Clevis Bracket, Clevis Bracket Stud, Head For: Super Cylinder
Flange, Cap Flange and Nose Mounts,
All cylinders are *‘F’’ stroke single acting only.
Type: S — Spring Return, D — Double Acting

Size: Areainsq.in. 4,6,9,12, 16, 24, 30 or 36 Type: SS —
l N — Nose Mount Super Cylinder
UM  — Universal Mount Size: Areain sq.
D-12-F-BP-HFM FM — Foot Mount in.4,6,9, 12, UM — Universal Mount
LMounting{ CFM — Cap Flange Mount 16, 24, 30 or FM — Foot Mount
HFM — Head Flange Mount 36 CFM — Cap Flange Mount
CBM — Clevis Bracket Mount §S-12-F-SM-HFM Mounting { HEM — Head Flange Mount
CBS — Clevis Bracket Stud CBM — Clevis Bracket Mount
Rod: BP — Bellofram Products Standard. CBS — Clevis Bracket Stud
SM — National Fiuid Power Assoc,
Standard Rod: BP — Beliofram Products Standard.
Make selection from Dimensional Data Table SM — National Fluid Power Assoc.
Series: E or F Letter Determines Stroke Standard
Make selection from Operating Data Table L—— Series: F Letter Determines Stroke
Example: D-12-F-BP-HFM is: a double acting, Make selection from Operating Data Table

12 sq. in., 3.1 stroke, BP rod end cylinder with

E le: SS-12-F-SM-HFM is: a single acting super
a Head Flange Mount xample s: asingle acting sup

cylinder, 12 sq. in,, 3.6"' stroke, SM rod end cylinder
with a Head Flange Mount

STANDARD OPTIONS: NS — No Spring; NB — No Bearing. {Add to end of ordering data.)

Note: CAP MOUNTING STUDS WILL BE FURNISHED ONLY WHEN REQUESTED OR REQUIRED FOR MOUNTING
ACCESSORIES ORDERED. Cap mounting stud data and dimensions are described on page 9.

UNIVERSAL MOUNT

o

FOOT MOUNT



Universal Mount

Dimensional Data — Universal Mount

Note:

cc}'_'xl_“

ZB

an

F

RO\

|1

L

Sizes 4, 6, 9 & 12 have 4 Head Retaining Screws
All other sizes have 8 Head Retaining Screws

A—- B
L,

MTG. FACE _,l P

\

EE —Location varies

depending on
cylinder size.
Engineering data
available on
request.

i

-

(All dimensions in inches)

N 1

EE

Type: Spring Return or %qrxble Acting. Stroke: Series E or F

145 psi service
(10 bar)

O

O

oQo

O

O

Cap mounting studs will be furnished only when requested
or required for mounting accessories ordered. See ordering

data on page 9.

5 BP Rod End* SM Rod Endt p
Size Series z H N EE FC F B X A w 78 P X A W 7B cc
4 F 271 | 3.02 434 | Vi NPT | 200 | %4-20 | 1 2.73 75 1198 | 672 | %-24| 273 | 1.00 | 173 | 6.47 | ¥.-20| .50
6 F 3.27 | 3.58 528 | % NPT | 200 { %-20 | % 2.69 75 1194 763 | %-24 | 2t 100 | 1601 738 %20} .51
E 5.31 2.92 192 7.63 2.92 1.80 | 7.56
9 384 | 4 % NPT . K14 | 3 . 14-20 1.12 : %-
F % 2| 4 3.00 1 A % |269] ' [Fe9 Baa ] ” 2.69 157 | 8a2] ~'®| .75
E 531 | . 292 192] 7.78 292 1.80 | 7.66
12 438 | 479 % NPT . Ko ) : 1. : 14-20 R : %1
F ’ 728 AN 300 | A4 | % 205] " Nes[ o978 ? 295] "'? 83 9e6] %8| .75
E 6.03 3.06 206 | 8.64 3.06 194 8.52
4.99 4 y . Y1 P . Y- . %-
16 F 540 gag WNPT| 300 B % o8] 0 AIe{Tony ] A 298] "2 [Tse|iosa] %718 .87
E 6.28 2.86 1.86 | 8.73 2.86 1.74 ] 8.59
. X 3 N %- 3 . - Y- A %-
24 7 6.6 | 657 |—2=o W NPT | 475 | %11 | % 5aal ' TaaTiros] % [5aal "2 732 Tia03] %-'¢|1.00
E 7.00 283] 125 {158 9.26 | %-18 | 2.83 1.33 [ 9.30
. . % NPT | 47 5%-11 1.50 1-14
% F 688 | 729 4y % S % ! 3.05| 150 [1.55]13.53 | 112 | 3.08 155 13.53 1.00
E 769 | . 2.83] 125 [158] 9.82 | %-18 | 2.83 1.33 1 10.00
36 7 738 | 779 pmro— % NPT | a7s | yent | 305 150 115517352 T 505 150 et tasa]  14[1.00
*BP Rod End — Bellofram Products Co. Standard
{tSM Rod End — National Fluid Power Assoc, Standards
145 psi service
FOOt Mount Type: Spring Return or Double Acting. Stroke: Series E or F (10 bar)
28 Z
XA
f1a)
cc EE- I&ocation varies O
r—— X — epending on
THRD cylinder size. O
I 1 Engineering data EE
‘_I L _.I available on
- request.
A AB
AH 8 BOLT SIZE O O
4 ' 2 HOLES ol A
AT -1 oy €A FOOT |11 N
| N i [
SA
o P e
Sizes 4, 6, 9 & 12 have 4 Head Retaining Screws
Ail other sizes have 8 Head Retaining Screws
Dimensional Data — Foot Mount (All dimensions in inches)
8P Rod Eng* SM Rod Endt | oan | ua R sA a8l p
Size | Series ¥4 H N EE B A YA 28 cc ” A XA 78 cC A
4 F 2.71 | 3.02 434 [ Yy NPT | V4 {241 75| 744 782 %-24 {241 100 | 719 | 7.57 | %20 | .38 | 1.88 (262 200 | 659 | 4| .50
6 F 3.27 | 3.58 526 | % NPT |3, | 238 75 | 835 | 872 | %-24 [238| 100 | 8.10) 847 | %20 | 38 | 188 | 262 200 | 753 | Y%| ,51
E 531 | , ., 1224 8.86 | 955] , 2.24 874 [ 9.43 [, . 300 2561 o
9 = 384 | 415 | VA NPT | % | 50 100 T o 991 20 Fael 12 Foss Tiode | %16 | 96 | 275 | 400 |3 ss9] | .75
E 5.31 2.30 8.86 | 9.56] , 2.30 8.73 | 944, | 75 | 4 300 856 ] .
12 F] % 479 e WINPT % 1353] M [Tose [1156] % [233] "' [Foaiiae | 40| %6275 400 % 1053 7| .75
E 6.03 2.31 9.72 | 10.42 2.34 9.59 |10.22 ) 9.28 | ,
99| 54 y 2 : X 14-20 1.12 %-16 | .58 | 2.75 | 4.00 | 3.00 %
18— 499 %40 53e ] WNPT % | 596 " [Tige 1241 P [2s 1166]12.28| ~ 62| | .87
E 6.28 | . . |2.23 10.09[10.86] ,, _ 2.23] 99411063 [, | cs | a00 | 625 | 475 L 10161 o
u F] 818 857 Igpa ] NPT Y% | 7800 Y0 Maicel1az9] 2 [Teo| "2 [3310]13.79 | ' : ' 1409 "*[1.00
E "7.00 2.20] 1.25 [10.52[11.20] %-18 |2.20 10.26 |10.95 1088 | ,
. -14| 68| 400 | 6.25| 4.75 %
30 \—p—1 688 | 7.29 b3 W NPT | 1 1S 750 [ia 02 [1661] 172 [2.41] "° [1a92[16.60| é 531 7*}1.00
E 7.69 2.20] 1.25 {11.22 11191 ] %-18 | 2.20 10.97]11.66 15| ,
. 1-14 | 68 | 400 | 6.25 | 4.75
36 F T8 T | MNP | 50 [Ta8a 15| 112 [241] "0 [1asal15.62 & i534| ]1.00

*BP Rod End — Bellofram Products Co. Standard
tSM Rod End — National Fluid Power Assoc, Standards




Type: Spring Return or Double Acting.

Clevis Bracket Mount (or Stud)*?

145 psi service

Stroke: Series E or F (10 bar)
20 { 4 HOLES DD BOLT SIZE
EE —{PT—
am . CD PIN DIA. -] —(0 0)
o x — EE—Location varies
, t depending on
cylinder size.
/ ﬂlﬁml || Engineering data ] E R
cC f - available on
THRD request.
— B
- - o ey o)
XD g FL—'I l"— R —"l
Note: = P | "
Sizes 4, 6, 9 & 12 have 4 Head Retaining Screws 3
All other sizes have B Head Retaining Screws
Dimensional Data — Clevis Bracket Mount (All dimensions in inches})
i 8P Rod End” SM Rod Endt cD 00D R F EwW T| P
Size | Series b4 H N EE B X A XD Z0 ccC X A XD ZD cC E - F
4 F 271 | 302 434 | YA NPT | ¥ |273]| 75 845 907 | %-24 {273})100 ] 8.19 8.82 | %20 625 | Va4 1238 13.12 |138 | 93{ % | .50
6 F 327 358 528 | % NPT 1Y, [269] .75 935! 997 | %-24 | 269100 | 9.09 | 972 | %20 625 | Y 238 312 {138 | 93| Y| .51
E 531 2.92 9.98 [10.73 2.92 9.86 110.61
414 ’ T3 1 > Vye 1.1 %- . ' . . . . )
9 7 38 25 32 % NP Vi 269 00 1080111 55 h-20 569 2 1067 [17.43 %-16 750 ¥ 13.00 [3.75 | 1.69 99} 75
E 5.31 292 10.23(10.98 292 10.11 |10.86
4. ) 3 * . V4= . 1. i 3 K )
12 7 438 79 78] #NPT [ % 396 100 oS 298] © 20 205 1.12 1271 12 86] % 16 750 [ 3% |3.00 |4.00]1.75 {1.24] W] g5
E 6.03 | , ., |3.06 11.09[11.84 ] , 3.06 1097 [11.72] , } )
16 [ 499|340 a3 | ANPT % 1558] "[T5 1301 ] % 298] 2303|1378 A0 | 750 %4 |300 1400 178 1241 Y| g7
E 628 | , 2.86 10.78111.78 2.86 11,16 [12.16
. 57 224 PT | 3 . X Y- 1. Ve X ) a4, . 3 49]
24 = 616 | 657 [ o U NPT | % >aa 1.00 152511622 v4-20 244 12 v468 1568 %-16 [ 1.000 | % 00 | 512} 200 |1.43] % |00
3 7.00 2.83| 1.25 111.70[12.70 ]| %-18 | 2.83 11.89 [12.89
L 2P0 1 : . 4 114 | 1. ! 4.00 | s. . 1.491 3
30 [ 888 |72 mna WONPT I e T80 (1601 (1701 112 [3.05] " 1611 1711 000 | %3 400|512/ 200 |143] % f1.00
E 7.69 2.83} 125 [12.31 113.31 %4-18 | 2.83 12.60 1 13.60
. . 14 NPT | 1 1. 14 )1, ) 4.00 | 5.12 | 2.00 [1.49] ¥
B I TR T g | 3051 150 (1613 117131 192 [305] " [1613f1793] 4|00 % % |1.00

* BP Rod End — Bellofram Products Co. Standard
** See note under Clevis Bracket Mount illustration on next page
t+ SM Rod End — National Fluid Power Assoc. Standards

Head Flange MOU nt Type: Spring Return or Double Acting. Stroke: Series E or F

145 psi service

(10 bar)
Cap mounting stud data and dimensions Cap mguntmg studs \.mll be fum.nshed only when requested
available on request, or required for mounting accessories ordered.
] 8 {
FB-BOLT SIZE MTG FACE
P ] _om
O ~\
EE—~Location varies
(ID (D CC THRD depending on
\ ‘ Eylmder size EE
ngineering data
COD |rv @ O
I 1 request
O O A— B m
©) o)- L )
| g =
o g — j'r’"L_P
b UF — - - W Note:
Sizes 4, 6, 9 & 12 have 4 Head Retaining SCrews
. . . All other sizes have 8 Head Retaining Screws
Dimensional Data — Head Flange Mount (All dimensions in inches) :
BP Rod End* SM Rod Endt
i i F P
Size | Series z H N EE B X A w 78 cC X A W 7B cc R UF F8
4 F 2.7 3.02 4.34 Ve NPT VA 1.95 75 1.20 6.72.| %-24 1.95 1.00 0.95 6.47 K20 781 | 2.81 3.62 %l .50
6 F 3.27 | 3.58 528 | Y4 NPT | I 1.91 75 | 116 763 | %-24 | 191 100 | 091 | 738 | Xi-20| .781| 281 | 362 | U| .51
E 5.31 2.23 1.23 [ 7.63 2.23 1.11 | 7.56
.84 4, ! ) . Y- . : %-1 B . X 2
9 G 3.8 S o3 | A NPT L% [Z00] "™ [T00] saa] % [200] "' [o8s 8oz | '8 ©90| 498 | 550 | %] .75
3 5.31 2.23 1.23 | 7.78 2.23 111 | 7.66
438 | 4.79 3 3 : Y- . : %-16 | 690 | 4. 550 |2
12 F 7a8 | A NPT % 5561 Y™ 726 098] # P [226] "2 [77a 966 ]| * % Al S
E 6,03 237 1.36 | 8.64 237 1.25 | 852
. s, 3 3 - . Y- . %-16{ 4, . Y .
16 5 4.99 40 s3] A NPT | % 205 1.00 705 11071 %-20 2051 "2 597 ioes % 690 8 |55 | Y| .87
E 628 |, ) 2.17 117] 873}, 2.17 1.05 | 859 | , .. '
24 F 6.16 | 6.57 022 % NPT | % 178 1.00 078 T72 08 %-20 175 1.12 583 11303 % 656 6.00 | 750 | % 11,00
E 7.00 214 125 | 099 ]| 9.26 | %-18 | 2.14 0.64 | 9.30
7. 3 . 4] . X 7.5 ) .
30 5 6.88 9 || % NPT 2361 750 T ose 1353 3 T23s] 150 086 [i353 11 656 | 6.00 0 1 %|1.00
E 769 |, 2.14 | 1.25 | 0.99 9.82 1 %-18 | 2.14 0.64 [10.00
: 1-14 | . 600 | 750 | %1,
¥ A7 |7 i | A NPT )Y o361 150 [ose | 1364l 1z {2361 2° [0.86 [13.69 4] 856 4]0

*BP Rod End — Bellofram Products Co. Standard
1SM Rod End — National Fluid Power Assoc, Standards



Cap Flange Mount Type: Spring Relun83r Double Acting. Stroke: Series E or F

145 psi service

(10 bar)
78 MTG. FACE FBBOLT
SIZE \
an Q) O\
q N O C/
< o__0O
THRD. EE—Location varies
l depending on kxxa R
!Illil 11 cylinder size. e 22 g UF
Engineering data b ==
1 available on == 3 O O
A B request. £E
Jo- -~
P—— X —q A @ @
i R
_',Lf!ﬁj_ N Fhe — ‘
Note: UF 1
Sizes 4, 6, 9 & 12 have 4 Head Retaining Screws
All other sizes have 8 Head Retaining Screws
Dimensional Data — Cap Flange Mount (A!l dimensions in inches)
. BP Rod End* SM Rod Endt ; R UF FB p
Size Series z H N EE B X A 76 cC X A 78 cC
4 F 2.7 3.02 4.34 Ya NPT VA 2.73 .75 7.10 W-24 273 1.00 6.85 Ke-20 .781 2.81 3.62 Ya .50
6 F 3.27 3.58 5.28 Vi NPT A 2.69 75 8.00 3%-24 2.69 1.00 7.75 44-20 7811 2.8t 3.62 A .51
E 531 |, ) 2.92 792 | , 2.92 7.80
e : -20 1.12 Yi- . 4.38 5.50 Y
9 F 3.84 415 34 Y4 NPT Ya 269 1.00 872 -2 2,69 8.60 Y4-16 690 Us 75
E 531 |, s 292 |, 792 |, 292 | o 280 ] o1 600l 438 | 550 | 3
12 3 4.38 4.79 7728 34 NPT Y 295 .00 992 -20 595 . —-——9.80 A J . . K .75
E 603 | , ) 3.06 8.18 | ,,. 3.06 [ , 8.66 | ,, , c0| 438 | 5.50 \
16 E 4.99 5.40 338 % NPT A >78 1.00 10 85 14-20 578 12 5073 %-16 . . . VA .87
E 628 | s 2.86 8.53 v 2.86 | 8.71 1. 60| 600 | 7.50 | o
24 5 6.16 6.57 1502 % NPT | % 24 1.00 1235 14-20 244 12 1223 %-16 | . . . “ |1.00
E 7.00 2.83 1.25 8.27 %4-18 2.83 8.02
1. . . 6.00 7. !
30 5 688 | 7.29 T % NPT 1 305 750 T 7368 112 T 305 50 38 1-14 | 690 50 “ 11.00
E 7.69 B 2.83 1.25 9.96 %-18 2.83 1.50 9.71
1-14 690 6.00 7.50 !
3% F T | LI | WNPT LY 3 es 0 (1309 [ 102 [ 3.05 | 1.8 [ 1371 % ]1.00

*BP Rod End — Beliofram Products Co.

Standard

tSM Rod End — National Fluid Power Assoc. Standards

CLEVIS BRACKET MOUNT

Clevis Bracket Mount includes parts as shown in white. Clevis
Bracket Stud includes only the Male Bracket, O-Ring and four

Sleeve Nuts. Note: Refer to top of opposite page for “EW"
dimensions,

HEAD FLANGE MOUNT

CAP FLANGE MOUNT

KW




NOSG Mount Type: Spring Return or Double Actin@@troke: Series Eor F

145 psi service
(10 bar)

RM 8 —
NOSE MOUNTING NUT NOSE
THRD. EE
RM_THRD
'* X EE
1000C I ( © 0o
l‘ A -+ B
cc b —]
THRD. b W ]
b ‘——- Ar——j = N J, ‘ 2 ,
Dimensional Data — Nose Mount (All dimensions in inches) — P |-
s Seri 2 " N . BP Rod End* SM Rod Endt
ize eries EE ~ RM B X A W 7B cC x A W 78 cC AF K P
4 F 271 | 3.02 | 434 | Y4 NPT | 125 | 13412 % 1.48 75 1198 | 6.72 | %-24 [ 148 | 1.00 | 1,73 | 6.47 | %20 | 2.06 | .78| 59
s F 327 1358 | 528 | L4 NPT | 1.25 | 1%-12 | U 144 | 751 194 | 7.63 | %-24 |1.44 ] 100 | 1.69 | 7.06 | %20 | 206 | 78] .59
E 5.16 1.83 2.08 | 7.65 83 1.9 .53
] 5 384 | 415 [t V4 NPT | 125 | 13412 % el 1.00 Tsel8as] 4% ::1 1.12 1.7i ;:S %-16 | 244 | 91| .59
*BP Rod End — Bellofram Products Co. Standard 1tSM Rod End — National Fluid Power Assoc. Standards
[ ]
Super Cy“nder 145 psi service
For applications where a maximum of sensitivity is required, we now offer the "Super Cylinder’’, (10 bar)
The super sensitivity of this model is made possible by the incorporation of a finear ball bearing and hardened steel rod. Friction is reduced to an
absolute minimum, making the Super Cylinder virtually frictionless,
28 —
an
( EE ~Location varies
}'_- depending on
cC Eyllnder slled .
ngineerin, ata
avaﬁlllablgloei @ @ @
- request.
FB THRD. 74_ o
Note: MTG FACE
R . Pl Cap mounting studs will be furnished only when requested
Sizes 4, 6, 9 & 12 have 4 Head Retaining Screws N . . - .
All other sizes have 8 Head Retaining Screws or required for mounting accessories ordered. See ordering
data, next page.
Dimensional Data — Super Cylinder (All dimensions in inches)
BP Rod End SM Rod End
Size 2 H N EE FC FB B X A w 2B CC X A w 2B CC P
4 |21 3.02 434 | 1/4NPT | 200]| 1/4-20 |[1/2 | 3.10| .75 | 2.35 7.09 | 3/8-24 | 3.10 1.00 | 2.10 6.85 | 7/16-20 | .50
6 | 3.27 3.58 5.28 | 1/4 NPT | 200 1/4-20 §1/2 | 2.16| .75 1.41 7.09 | 3/8-24 | 2,16 1.00 1.16 6.85 | 7/16-20 | .51
9 | 3.84 425 6.34 | 1/4NPT | 3.00| 7/16-14|3/4 |{ 3.50| 1,00 | 2.50 9.25 [ 1/2.20 | 3.50 1.12 2.38 9.13 | 3/4-16 .75
12 | 438 4,79 7.28 | 3/8NPT | 3.00| 7/16-14 [ 3/4 | 257 | 1.00 157 9.38 | 1/2.20 | 257 1.12 1.45 9.26 | 3/4-16 .75
16 | 4.99 5.40 8.38 | 3/8 NPT | 3,00 1/2-13 |3/4 | 3.78| 1.00 | 2.78 11.69 [ 1/2-20 | 3.78 1.12 2.66 | 11.57 | 3/4-16 .87
24 | 6.16 6.57 10.22 | 3/8NPT | 4765 5/8-11 |3/4 | 2.00 | 1.00 1.00 11.75 | 1/2.20 | 2.00 1.12 1.00 | 11.75 | 3/4-16 |1.00
30 (688 7.29 11.44 | 3/8 NPT | 4754 5/8-11 1 3.06 { 1,50 1.65 13.52 1-12 3.05 1.50 1656 | 1352 1-14 1.00
36 | 7.38 7.79 11.47 | 3/8NPT | 475} 5/8-11 1 3.05 | 1.50 1.55 13.55 1-12 3.05 1.50 1.656 | 13.55 1-14 1.00
SUPER
CYLINDER NOSE MOUNT




Rod Clevis and Jam Nut 85

BP* SMt coD
Size | RodEnd | RodEnd | Series c8 | Pin CE cL AR | R AF K
CC Thrd. CC Thrd. Dia. .
p 3%-24 - F .56 % 17 1.38 .53 1.25 %e %a
- %,-20 F .56 %s 1% 1.38 .53 1.25 s Ya
. %-24 - F 56 A 1% 1.38 53 1.25 %s K
-~ %4-20 F 56 Ko 1% 1.38 53 1.25 W, Y4
%4-20 - E .56 Y 1% 1.38 .53 1.25 % e
g 4-20 - F .56 A 1% 1.38 53 1.25 Y ¥s
- %-16 E .88 % 214 212 .75 1.25 1% 2
- %-16 F .83 A 2% 2.12 75 1.25 1% %,
14-20 - E .56 Y 1% 1.38 .53 1.25 % Ke
12 14-20 - F 56 Y 1% 1.38 53 1.25 % e
- %-16 E .88 % 2% 212 75 1.25 1% .
- %-16 F .88 % 2% 2.12 .75 1.25 1% % |
14-20 - E .56 A 1% 1.38 .53 1.25 % b
1 14-20 - F .56 Y 1% 1.38 .53 1.25 Y Hs
- %-16 E .88 Y% 234 2.12 .75 1.25 1% %
- %-16 F .88 % 2% 212 .75 1.25 1% A
14-20 - E .56 Y4 1% 1.38 .53 1.25 % He
14-20 - F .56 A 1% 1.38 .53 1.25 % e
2 - %16 £ 88 Y 2% | 2412 75 | 125 | % e
- %-16 F .88 % 2% 2.12 .75 1.25 1% 2
%-18 - E .56 He 1% 1.38 .53 1.25 ¥ %
1-12 - F 1.50 1 3l 350 1.00 1.50 1% 3%,
30 - 1-14 3 1.50 1 3y 350 | 1.00 | 150 | 1% s
- 1-14 F 1.50 1 3y 3.50 1.00 1.50 1% e
%-18 - E .56 A 1% 1.38 .53 1.25 %, %
1-12 - F 1.50 1 3l 3.50 1.00 1.50 1Y 3%,
36 — 1-14 E 1.50 1 3y 3.50 1.00 1.50 1% %,
- 1-14 F 1.50 1 V4 3.50 1.00 1.50 1% E

*BP Rod End — Bellofram Products Co. Standard
1SM Rod End — National Fluid Power Assoc. Standards

Ordering Data . . in 46 6 26 a8
Size: Areainsq.in. 4,6,9 12, 16, 24, 30 or From cylinder on which

Series: E or F Letter Determines Stroke clevig is to be used.

Make selection from Operating Data Table
36-F-BP-RC

L—— Rod Clevis
Rod: BP — Bellofram Products Standard

SM — National Fluid Power Assn. Standard
Make selection {rom Dimensional Data Tabls

Example: 36-F-BP-RC is a Rod Clevis for a size 36 sq. in. cylindser with a 1-12 rod thread.

Cylinder Cap End Mounting Studs

" ] E
Size 2'3;51' Siszteu:f (Ap:{rox ) cE.!rcc’:: (Bf)ss) " g'(:cl:" <t° r_ T ‘__l B
. CRN
4 2 1/4-20 5/8 1-5116 | 11/16 | 13/32 13/8 | 90 F oA
6 2 1/4-20 5/8 1-1/2 11/16 13/32 1-3/8 90 CAP RETAINER NUTS #10-32
9 4 1/4-20 5/8 2 11/16 | 13/32 | 13/8 | 45 @ ONLY
12 4 1/4-20 5/8 25/16 1 1732 | 111118 | 45
16 4 3/8-16 5/8 2.5/16 1 17/32 | 111716 | 45
24 4 3/8-16 9/16 3-1/8 1 1732 [ 111716 | 45 sour
30 4 1/2-13 11116 4 1 17/32 | 111716 | 45 cIncLE
36 4 1/2-13 11716 4 1 17/32 | 111716 | 45

BOLT CIRCLE
CRN



Hepair Kits

The following is included in the
repair kits:

Spring Return Diaphragm Kit
1. Diaphragm, Cap
2. Retainer, Adhesive, Cap
3. Nuts, Cap Retainer
4. Instructions

Spring Return Bearing Kit
1. Inner Bearing
2. Outer Bearing
3. Rod Wiper
4. Instructions

Double Acting Diaphragm Kit
1. Diaphragm, Cap

Diaphragm, Head

Retainer, Adhesive, Cap

Retainer, Adhesive, Head

Rivets, Blind (or screws)

Nuts, Cap Retainer

Seal “O’" Ring

8. Instructions

NoosrLN

Double Acting Bearing Kit
1. Inner Bearing
2 Outer Bearing
3. Rod Wiper
4. U-Cup Seal
5. Instructions

Breather Vents

Breather vents are available for
use on Bellofram Spring Return
Air Cylinders.

The Breather, which contains a 40
micron bronze filter, is simply
threaded into the air relief port of
the cylinder head. It prevents foreign
matter from being drawn into the
cylinder on the return stroke of

the piston, and also acts as a
snubber. The snubbing reduces the
piston speed and impact at the end
of the stroke in both directions.

Ordering Data
Breather Vent for 4" pipe tap
(Fits cylinder sizes -4, -6, -9)
Part No. 315-661-001
(Formerly #BV-2)

Breather Vent for 3% " pipe tap

(Fits cylinder sizes -12, -16, -24, -30, -36)

Part No. 315-661-002
(Formerly #BV-3)
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Repair Kits are available to permit user in-plant maintenance without delay and
expense of returning parts to the factory. Each kit includes instaliation instruc-
tions. Nameplate data of the cylinder must accompany order to insure receipt

of correct parts.

Kits For Spring Return Cylinders Kits For Double Acting Cylinders
For Diaphragm For Bearing For Diaphragm For Bearing
Models Kit No. Models Kit No. Models Kit No. Models Kit No.
S-4-F-BP S-4-F-BP D-4-F-BP D-4-F-BP
S-4-F-BP-N S-4-F-BP-N D-4-F-BP-N D-4-F-BP-N
S-4-F-SM S4FN | 5 4 F-sMm D-4-F-SM D45 D-4-F-SM
$-4-F-SM-N S-4-F-SM-N SB46S | D-4-F-SM-N D-4-F-SM-N
So.FBP S-6-F-BP Do FBP D:G-F-BP DB46S
S-6-F-BP-N D-6-F-BP-N
$-6-F-BP-N o e D-6-F-BP-N iy
S6FN | S-6-F-SM D6S D-6-F-SM
S-6-F-SM §-6-F-SM-N D-6-F-SM D-6-F-SM-N
$-6-F-SM-N D-6-F-SM-N
S-9-E-BP 5-9-£-8P D-9-F-BP D-5-F-8p
S9.E-BP-N $-9-E-BP-N oFBP-N D-9-F-BP-N
e S9EN | S-9-E-SM D-9-F-BP- D9s D-9-F-SM
S-9-E-SM D-9-F-SM
$-9-E-SM-N S-9-E-SM-N M D-9-F-SM-N
-9-E-SM- S-9-F-BP D-9-F-SM-N D-12-E-BP
S-9-F-BP $-9-F-BP-N D-12-E-BP b D-12-E-SM
S-9-F-BP-N sorn | SOFSM D-12-E-SM 12ES | p-12-F-BP
S-9-F-SM S-9-F-SM-N D-12-F-SM DB924S
5-9-F-SM-N $-12-E-BP D-12-F-BP Di2Fs | D-16-E-BP
PP S-12-E-SM SB924s | D-12-F-SM D-16-E-SM
P S12€ S-12-F-BP 16-E-BP D-16-F-BP
S-12-E-SM S 12.F.SM RO D16ES | D-16-F-SM
S-12-F-BP S-16-E-BP D-24-E-BP
S-12-F-SM S12F | 5.16-E-SM D-16-F-BP bigFs | D-24-E-SM
S-16-F-BP D-16-F-SM D-24-F-BP
S-16-E-BP S-16-F-SM D-24-F-SM
S16E D-24-E-BP
-16-E-SM 24-E-
S16-ES S-24-E-BP D-24-E-SM D24ES |5 30.e-Bp
$-16-F-BP §$-24-E-SM D-30-E-SM
S16F | S-24-F-BP D-24-F-BP
S-16-F-SM S.24.F-SM D-24-F.SM D24FS | D-30-F-BP
S24.E.BP ' ea D-30-F-SM DB36FB
§-24-E-SM S24E | 5-30-E-BP D-30-E-BP baoes | D-26EEP
$-30-E-SM D-30-E-SM D-36-E-SM
S-24-F-BP $-30-F-BP D-36-F-BP
$-24-F-SM S24F 1 5.30-F-SM seaeFp| D-30-F-BP D30FS | D-36-F-SM
D-30-F-SM
S00EBP $-36-E-BP
5-30-E-SM SI0E | S-36-E-SM D-36-E-BP
§-36-F-BP D-36-E-SM D36ES
§-30-F-BP $-36-F-SM
_30-F- S30F D-36-F-BP
§-30-F-SM D-36-F.SM D36FS
S-36-E-BP
5-36-E-SM SIE
$-36-F-BP
§-36-F-SM S36F

Ordering Data

Order by kit number above

Warranty

Bellofram Corporation guarantees
the products of its manufacture

to be free of defects of materials
and workmanship in normal use
for a period of ninety (90) days from
date of sale to customer. The
guarantee is limited to repair or
replacement of the defective
product at the exclusive option of
Bellofram. In the event a claim
should arise during the guarantee
period, Bellofram must be notified
immediately and the defective
product made available for field or
factory inspection and disposition.
Bellofram cannot and does not
accept responsibility of any type
for any of its products that have
been subjected to improper installa-

tion, application, negligence,
tampering or abuse. In any event,
the liability of Bellofram for a
defective product is limited to the
cost of the product or a replace-
ment therefor. This warranty is in
lieu of any and all other warranties,
express or implied. Bellofram
Corporation does not warrant its
products to be merchantable and
does not warrant its products in any
manner for any specific purpose or
use, and Bellofram Corporation dis-
claims any liability for consequential
damages of any nature,

Prices and specifications are sub-
ject to change without notice.



Low-Cost Cylinders

ellafram
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FOOT MOUNT BRACKET
DIMENSIONS
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Cyl.
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= CYLINDER SHOWN

-~

WITH OPTIONAL FOOT MOUNTS

3/4

/8 dia.

3 3/8-16 UNC

Specifications Part Number
421-980-008 421-980-077
Stroke 1 1-3/4"
Dimension A 2.29/32" 3-21/32"
Spring Load
@ "O" Stroke 4 Lbs, 4 Lbs,
@ Max, Stroke 8 Lbs, 11 Lbs,
Equiv, Bore Dia, 1.5" 1.5"
Max. Oper, Pressure 125 PSI 125 PSI
Effective Area 17in2 1.7in2
Mounting Hole Sizes 1/4"-20 UNC 1/4''-20 UNC

Materials: Chrome-plated carbon steel rod. Die-cast alumi-

num cylinder

and end cap. Oil-impregnated

bronze bearing. Polyester fabric reinforced Nitrile
diaphragm. Music wire spring.

Small Bore Cylinders

Now OEM'’s have the
friction-free low hystere-
sis Air Cylinder they've
dreamed of. Bellofram
has applied its years of
experience in manufac-
turing large sized fric-
tion-free Air Cylinders to
provide OEM’s with the
first small bore diaphragm
Air Cylinder available
anywhere. A unique
fabric reinforced rolling
diaphragm guaranteeing
friction-free seals has
made the cylinder of
your dreams come true.
Available in selected
standard sizes, with
threaded or unthreaded
rods, flush or extended;
single-acting only, with
spring return.

A
—{ B |.<_ | C |
o 1 ‘G ‘
S \ J
o
X 4
\//
SPECIFICATIONS PART NUMBER
311.908-013 | 311-908-034 | 311-908-014 | 311-908-035
A 281" 2.81" 1.95" 1.95"
B 0.438" 0.438" 0.244" 0.244"
C 15/16" 15/16"" 15/16" 15/16"
D 718" 718" 7/8" 7/8"
Stroke 0.70" 0.70" 0.32" 0.32"
Spring Load

@ ""O" Stroke 2 ibs. 2 Ibs. 5 Ibs, 5 ibs.

@ Max. Stroke 7 Ibs. 7 ibs. 7 Ibs. 7 1bs.
Equiv. Bore Dia. 0.7 0.7 0.7 0.7
Max. Op. Pressure 125 PSI 125 PSI 125 PSI 125 PSI
Eff. Pressure Area 0.384in.? 0.384in.? 0.384in.? 0.384in.?
Nose Mount

Thread Size 1/2"-20 UNF{ 1/2""-20 UNF| 1/2.20 UNF| 1/2""-20 UNF
Rod Dia. 1/4" 1/4" 1/4" 1/4"
Rod

Extension Flush 3/4" Flush 3/4”

Thread - 1/4"-28 UNF - 1/4"'-28 UNF
Pipe Conn. 1/8°-27 NPSF{1/8"-27 NPSF| 1/8"-27 NPSF|1/8"-27 NPSF

Materials: Carbon steel rod, aluminum alloy cylinder and end caps. Polyester
fabric reinforced Nitrile diaphragm. Music wire spring. Oil-impreg-
nated bronze bearing. Negligible breakaway friction,
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Claim.—1. The combination of straight-line engines. jackets
provided on said straight-line engines, air-compressors communicat-
ing with said jackets, said compressors delivering to said straight-
line engines. jackets provided on said air-compressors. an oscillatiug
primary engine adapted to exhaust into said straight-live engines,
and receiving air from said last-named jackets, substantially as de-
scribed.

2. The combinationm with an oscillating primary engine, and its
piston-rod, of rotating crank-disks, crank-pins on said disks, said
piston-rod being conuected to the said pins, double-bow stirrups in
which the said crank-pins are arranged, straight-line engines, studs
arranged in said bow-stirrups and connected with the said straight-
line engines, and au air-compreasor connected with said stirrups, sub-
stantially as described.

8. The combination with a high-pressure oscillating air-engine,
of low-pressure straight-line air-engines receiving the exhaust there-
from, compressors driven by said engines, jackets for the compreas-
ors and straight-line engines, meant whereby the compreesors deliver
to the straight-line-engine jackets, and means for conducting she
air for the oecillating engine through the compressor-jackets, sub-
stantially as described.

4. Io a device of the character described. the combination of
a0 oscillating engine, strlighviine engines adapted to receive the
exhaust therefrom, means for compressing air adapted to be actu-
ated hy said engines, said means provided with air-jackets and
means for conductiug the air for said oscillating engine through
the jacket of said compressing means, substantially as described.

5. The comnbination with a primary high-pressure oscillating
air-engine, of low-pressure straight-line engines receiving the ex-
baust therefrom, air-compressors actuated by said engines, and
means whereby the compressed air by which the primary engine is
actoated. ie raised in temperature by the heat generated ie the air-
compressors, substantially as deseribed.

6. The combination with a primary high-pressure oscillating
air-engine, of low-pressure straight-line engines receirving the ex-
hanst therefrom, air-compremors actuated by the said engines, semi-
rotating valves arranged on the high and low pressure engines,
means connected with said engines for operating aaid valves and
means whereby the air by which the primary engine is actuated is
caused to absorh heat generated in the compressors, substantially
as deacribed.

7. The combination with a high-pressure primary oscillating
air-engine, of low.pressure straight-line engines receiving exhaust
therefrom, jackets formed upon said last-named engines, comprese-
ors driven hy said engines, jackets formed upon said compressors,
means connecting said compressors with said jackets of the straight-
line engines whereby the said compressors deliver thereto, means
whereby the air for the oscillating engine passes through the said
eompressor-jackets. and means conoecting said primary engine with
the said straight-line engines and compressor-jacketa.
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JANUARY 5, 1971

3,552,120
STIRLING CYCLE TYPE THERMAL DEVICE
William T. Beale, Athens, Ohio, assignor to Research

Corporation, New York, N.Y., a nonprofit corporation
of New York

Feb. 1, 1967. This application Mar. 5§, 1969, Ser.

No. 812,530

Int. Cl. ¥03g 7/06, F25b 9/00

U.S. Cl. 60—24 10 Clalms

A Stirling cycle thermal engine or refrigerating device
wherein there is no primary mechanical connection be-
tween the displacer pistons and their associated power
pistons, including various mechanical and pressure fluid
means for varying the power output from or the power
input to the device.

MACHINE DESIGN JUNE 21,1984

PNEUMATICS
KICKS THE
OIL HABIT

Once limited to low-pressure. low-flow applications
oll-less pneumatic systems are approaching
the capabilities of lubricated systems

RICHARD C. BEERCHECK

StarEare

O one of the biggest sourees of
contamimation i a pneumati
svstem 1t can damage the fin
wshed product, gum up com-
ponents. and pose a hazard to
personnel. To overcome these
problems, manufacturers have
developed a wide range of com
panents that operate rehabiy
without tubrication.

Three tactors have spurred the
move to oil-less pneumatic svs
tems: the rising cost of mamnte
nance and dewntime, more strin
gent processing requirements tor
some products, and stricter gov
ernment regulations on the
amount of oil permitted 1n ex-
haust air.
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Atvpical plant ecompressed-air
svstem can contain thousands of
atr-hine lubricators. If each uses
R oz of oil per week, the plant
would need several people whose
sale job 1s to fill the lubricators.
No plant can afford this type of
investment, and in actual prac-
tice most lubricators are serviced
erraticallv. As a result, lubri-
cators frequently run dry, lead-
g to damaged valves. cylinders,
and tools. To eliminate this cost
and potential source of failure,
many facilities are now de-
manding equipment that oper-
ates on oll-less air.

‘T'he second factor boosting the
increased use of oil-less air sys-
tems is that many proeesses can-
not tolerate even minute con-
tamination of the finished
product. Electronic-ehip mak-
ing. food processing, paper mak-
ing. temperature controls, and
textile manufacturing are typical
processes that must avoid oil par-
ticulates in the exhaust air of
pneumatic components.

Finally. OSHA now strictly
limits the amount of oil mist per-
mitted in the factory envi-
ronment. And breathing air from
medical equtipment or safety
suits must be free of o1l to prevent
njury or ilness,

Oil-less compressors

The heart of a compressed-air
svstem 18, of course, the com-
pressor. Regardless of the type of
compressor, the first design
change required to make it ol
less is 1o use sealed bearings on
the cranks<hatt and
the wrist pin

for piston
COMPressors
Such bearimgs eliminate the meed
tor splash or mest tubnication in
the crankease, the magor souree
of o partienlatesin a poeamati

sAstem

s ad

RN
s

HOCking pistnr Comprossors are

Getting the oil out

Reciprocating compressors
are the most widely used
source of compressed air tor
systems operating below 25
hp. Normally, compressors
operating over about 5 hp
must be lubricated to ensure
fong life and efficient oper-
ation. Lubricated com-
pressors have otl-filled crank-
cases; thus, oil vapor is
always present in the com-
pression chamber and dis-
charge line. Filtration to re-
move oil from the air hne
requires constant mainte-
nance. Besides, no filters are
100% effective at removing
o

The first attempt to elim:-
nate oity discharge from re-
ciprocating compressors
were the so-called oil-free
compressors. These units
contain a crosshead and oil
seals to isolate the oil-filled
crankcase trom the com-
pression chamber. The best
seals ensure 99 99% oil-free
arr, however, even these seals
wear eventually, \ncreasing
the possibility of o1l in the air

Ol-less compressors, as
thew name imphes, use no o
atall They feature self-iubr-
cating piston rings and skirs.
as well as sealed bearings
With no o1l in the crankcase.
none can be entrained in the
discharge air Problems with
heat generation presently
imit the hotr sepower capacity
ol ol-less compressors to
about 15 hp

Oil-free

Oil-fess

sehelaeen

Crosshead

prston nngs.

Self-lubnicating -

The main problems to over
come in switching from lubn
cated to oil-less operation are
friction, heat. and higher noise
levels. Friction has been reduced
effectively through the use of
self-lubricating materials. How-
ever. the temperature problem
has himited the capabilities of oil-
less compressors to about 15 hp,
although higher-power units are
on the horizon. The power limita-
tion results because present-day
matenals cannot withstand the
surface speeds and heat of
higher-power operation. Noise
problems are reduced by mount-
ing the compressors in non-
sensitive areas or by using readily
available sound attenuating ma-
terials.

Resides power, the other major
limitatiens of oil-less com-
pressors is lite. Presentlv. the
sealed. grease-lubricated cranks-
haft bearings are rated for 8,000
to 12,000 h. Used tn a typical 51,
dutv-cycle installation. these
bearings provide about three
vears of operation before service
1s necessary. Similarly. the
PTFE seals tvpically used in ml-
less compressors are rated tor
#0040 to 10,000 h of life.

One of the first oil-less com-
pressors was a vane compressor
in which the phenolic vanes were
replaced by carbon vanes. With
the humidity commonly present
in atmospheric air, carbon vanes
are self-lubricating on cast iron.
Over the years, the composition
of the vanes has been improved to
increase life; however, oil-less
vane compressors are limited to a
maximum operating pressure of
about 15 psi and a maximum
power of about 5 hp.

Drapbragm compressors, of
course. have always provided oil-
less operation because the di-
aphragm completely isolates the
crankcase from the compression
chamber. These compressors can
produce up to 100 psi. however,
their limited stroke restricts
them to low-flow. low-power in-
stallations.

Oil-less piston compressors
were developed in the mid-1950s.
At first, these compressors used
split carbon rings to seal the cyl-
inder bore. However, such rings
wore after only a few hours of
operation, widening the ring gap
and reducing flow capacity.

The problem of wearing rings
has been overcome in most cases
through the use of PTFE piston
rings and skirts. PTFE rings ef-
fectively seal the cylinder bore
and reduce friction. However,
while such compressors can pro-
vide up to 100 psi, power is still
limited.

The factor limiting the capac-
ity of piston compressors is the
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lubricated or contains parts
made of a self-lubricating mate-
rial. Valves are prelubricated in
one of two ways: 1. The valve
parts are dipped in a lubricant
prior to assembly. 2. The valve
includes a reservoir of lubricant
that is fed to critical areas. In
either case, the valves normally
do not require further lubri-

Onl reservorr stores lubncant in the
piston of this cyhnder from Letugh
Furd Power Inc The oi'ls ncked to
Wl the cylinder wall and is retained there
by lip seals An oilnmpregnated
bushing lubncates the prston rod

L R BN

Frictior and heat are the biggestdrobie™s lmmiting the capaciy of ar-less
sor from ITT Fneumative recuces frction and

compressars This compre
heat generatior with force-

integrai biower and shroud

cylihders and crankcase

5
C

A
"

I~ Poppe! piston

mpensated £ TFE piston nngs and skirts A
G Sh0w 7 JreCt Co0nng ar over the finned

heat produced in the com-
pression process, which reduces
the life of the bearings and seals.
To boost capacity, manufactur-
ers of piston compressors have
devised innovative ways to re-
duce heat buildup and remove
the heat that does develop.

The usual way to reduce heat
generation is with so-called
force-compensated piston rings.
The rings ride on a cushion of air,
sealing during the compression
stroke but releasing on the intake
stroke. This mode of operation
reduces the friction and pressure
forces on the rings, cutting heat
generation and improving wear
life. Any heat that is generated is
removed by forced-air cooling. A
blower wheel mounted on the end
of the motor shaft directs cooling
air through the crankcase and
over the pistons, cylinders, and
bearings, permitting the com-
pressors to operate continuously
at up to 15 hp and pressures to
200 psi.

piston type, is a cross:
piston and diaph

cation in service.

The design of pneumatic direc-
tional-control valves to operate
without air-line lubrication re-
quires special considerations.
And there is considerable debate
over the types of valves suitable
for oil-less service. For instance,
some experts contend that spool
valves, with sliding action be-
tween parts, can experience
problems With wear and high
shifting forces when the lubri-
cant either wears off or is carried
away by the air stream. Also, past
experience with packed-spool
valves has shown that the syn-
thetic rubber seals commonly
used in such valves can actually
wear away the metallic sealing
surfaces if the valves are not lu-
bricated.

However, some manufacturers
of packed-spool valves replace
the rubber seals with self-lubri-
cating PTFE seals, and they
hardcoat the valve bodies. This
combination provides a low-fric-
tion, high-lubricity sliding con-
tact that supporters claim pro-
vides reliable operation on
nonlubricated air.

In general, lapped-spool and
poppet valves are the most
widely used types for oil-less ser-
vice. Lapped-spool valves de-

rl);I'FE:u t.hatlexp:ids pend on the close fit between
Foppet vahes are widely, ysedin It : p : P bOd_\' and Spool to seal the valve.
VDpelvaies are wigel usec orced into the cylinder.

wi-@8S aIr Systems because they have
inimal shding contact Suchvalves
rvoucally are preiubricated at assembly
Special hp sea‘s such as those on this
valve from Parker Hanniti Corp  retam
the iubricant in the poppe! piston area
preventing it trom: being exhausted

ownstream Some valves include a
lubricant reservorr between the ip
seals

)

3

Poppet seal

pansion compensates for:
rocking motion of the piston sn¢
maintains a tight seal on the cyl.
inder wall. Rocking-piston com:
pressors can produce up to lﬂ:
psi, but maximum power ratingis
under 1 hp.

Nonlubricated valves

The designation *non-
iubricated” for an air valve usu-
ally means that the valve is pre-

Seft-lubncating cvinder
from Farker Hanniin Corp
has oi-impregnated nngs in
the piston and rod gland
The rings dispense oil to the
cyhnder walland rod Lip
seals retain the o in these
areas and prevent it from
being exhausled to the
atmosphere

The valves typically are dipped
in a lubricant prior to assembly
and require no further lubri-
cation in service.

However, lapped-spool valves
can have problems when oper-
ating on nonlubricated air, be-
cause they are susceptible to
clogging from contaminants or
from hydrocarbons carried
downstream from a lubricated
compressor. Hydrocarbons are
particularly troublesome, be-
cause the heat of compression
transformg them into varnishes
that can build up in the valve.
When the valve sits idie for long
periods, such as over a weekend,
the varnish can cause the spool to
bind, preventing proper shifting
and resulting in solenoid burn-
out. Manufacturers claim that
lapped-spool valves are easily
protected with coalescing filters.
Such filters effectively remove
hydrocarbon aerosols and solid
particles from the air.

In contrast to other valve



PTFE ring on the piston of this Moster
Industrnes inc cylinder lubricates the
piston.cyhinde-wall contact The cyhinder wall
1s highly polished o reduce friction, and an
oi-impregnated bushing lubricates the piston

tvpes, poppet valves have noslid-
ing action in the primary sealing
area. Thus, the valves resist
clogging from air-line varnish
and contaminants. The only area
of a poppet valve with sliding
contact is the piston or actuation
section. But this area can be pre-
lubricated to operate for millions
of cycles through the use of either
self-cormpensating seals or an in-
ternal lubricant pocket.

Valves designed for normal
service usually are prelubricated
and have self-compensating
seals. In such valves, lip seals on
the piston are specially designed
to hold the lubrication in place,
and thev wipe the bore clean with
each stroke. Because the seal lips
are self-compensating, sealing is
maintained even as components
wear during operation. Such

Filtration — key to
oil-less operation

Because of the power limitations of
oil-less compressors, most large air
systems continue to use lubricated
compressors. Estimates of the
hydrocarbon content in the
discharge air of such compressors
are:
® Screw — 2510 75 ppm at
200°F.
® Reciprocating — 5 to 50 ppm at
350°F.
e Centrifugal — 5to 15 ppm at
300°F.
At a concentration of only 25 ppm,
a typical compressor flowing 100
scfm tor only 35 h will dJump 8 oz of
oil into the pneumatic system. To
prevent the oil from contaminating
components or the finished product,
a coalescing filter is essential.
Coalescing is a continuous air
filtration process in which liquid
aerosols contact glass microfibers
and are agglomerated into larger
and larger droplets. The droplets
eventually emerge on the
downstream side of the fitter and are
drained away.
The coalescing process occurs in
three ways, depending on aerosol

rod

valves also can have bodies made
of self-lubricating injection-
molded plastic, further reducing
the need for lubrication.

Valves for heavier-duty service
usually include a lubricant reser-
voir between the piston lip seals.
The lubricant is fed continuously
to the piston/cylinder-wall inter-
face and is retained in this area
by the lip seals. In tests, such
valves have survived over 100 mil-
lion cycles on nonlubricated air.

Lubed-for-life cylinders

Over the years, there has been
much misunderstanding about
the true meaning of non-
lubricated cvlinder require-
ments. Basically, nonlubricated
cylinders fall into three catego-
ries: prelubricated, unlubricated.

size andinertial force. Aerosols
larger than 2 um are collected by
direct impact, with larger droplets
being formed by successive
impingements. Aerosols from 0.2 to
2 um — the predominant size range
— are collected by interception by
the glass fibers. Aerosols in the
0.00110 0.2 um size tange foliow
random Brownian motion, striking
the fibers through ditfusion and
being heid by van der Waals forces.
The standard coalesing fifter
removes 99.97% of the aerosots in
the 0.3to 0.6 um range, is 99.98%
efficient at removing alt aerosols,
and removes all solid particles larger
than 0.3 um. Thus, incoming air ata
20 ppm level is reduced to 0.004
ppm concentration, whichis .
acceptable for almost any critical
prieumatic system. More efficient
filters rated at over 99.9999%
aerosol removal also are available.

Coalescing filter is made of borosilicate glass
microfibers vacuum formed into interiocking
contact. Ttus filter, from Finite Filter Co. Inc.,

has a rigid porous support tube and a glass
matrix drain layer. It is compatible with al/
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and self-lubricating. Self-lubri-
cating cylinders can be further
categorized as those with lubrni-
dant reservoirs and those with
self-lubricating parts,
Prelubricated cylinders are the
oldest type of nonlubricated cyl-
inder. At assembly, an extreme-
pressure grease is applied to the
seals, piston, cylinder bore, and
gland surfaces. The lubricant ad-
heres tightly to the cylinder
parts, resisting explusion into
the atmosphere. Tests of such
cvlinders have shown that the
moisture commonly present in
compressed air also helps to lu-
bricate the piston seals.
Unlubricated cvlinders are
constructed of absolutely dry
parts with no lubricant. Require-
ments for such cylinders arose in
the food industry because of con-

compressor lubficants, and removes ol
aerosols and sohd particles from the air
Stream

cerns about the possibility of
contamination. However, un-
lubricated cylinders require spe-
cial, expensive seals, and they
have had only limited success in
tests. Further evaluation of the
possible use of unlubricated cyl-
inders has shown that a truly un-
lubricated design is not abso-
lutely necessary. As a result, the
demand for this type of cylinder
has never really developed.

Self-lubricating cylinders were
developed to meet an auto-indus-
try specification calling for cylin-
ders to operate 20 million cycles
on dry, moisture-free air. To star—
vive such severe service, these
cylinders incorporate either an
internal [ubricant reservoir or
self-lubricating piston-ring and
rod-seal materials.

There are several different ap-
proaches to prewtding a lubricant
reservoir. In some ¢ylinders, spe-
cial composite rings impregnated
with extreme-pressure oil are
used in the piston and rod-seal
areas. The rings are positioned to
dispense oil to the cylinder bore
and piston rod during each
stroke. Special lip seals collect
excess lubricant so that none es-
capes into the atmosphere.

Other cylinders incorporate an
oil reservoir in the piston, which
is filled at assembly. The lubri-
cant is then wicked to the cylin-
der wall. Again, lip seals collect
excess lubricant, preventing it
from escaping to the atmo-
sphere.

Cylinders with self-lubricating
parts commonly include a phe-
nolic or PTFE wear ring on the
piston and either an oil-impreg-
nated bushing or wear ring in the
rod gland. The cylinder bore and
rod also are highly polished to
reduce friction. These cylinders
can be either prelubricated or
unlubricated at assembly.

Technical assustance provaded by Gast Mfg Corp., Ben

ton Harbor. MI. Humphre Products. Kalamazoo. M1
ITT Preumotive. Monroe. LA: Parker Hanmfin Corp..
Purumatic Do, Otsegn. M1 Rose Operatng Vadwe Co.

Detrost. M1, Finite Fitter Ca Lo Oxford. ML Leherh
Fhad Power Inc . Lambertabie. NJ
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Fig. 1—Torgue Ccnverter 'n Complete Sower Train
g ‘ ‘

INTRODUCTION Acting as a clutch. the torgue converter connects
and disconnects power between the engine and

A torque converter is an automatic fiuid drive. It the gear train. As a transmission. the converter

transmits engine torque by means of hydraulic gives many more speed ratios than are practical

force. shifting smoothly through an infinite number Wwith a strictly mecnanical gear cox.

of speeds. ) ;

To compare a torgue converter with a ~ydrostatic
~ A
drive {Chapter 53i, use this ruie of 1

[

The automatic transmission of an automobile au-

N . Hydrostatic drives are driven by
tomatically shitts gears inresponse to torque re-

pressure but at relatively low veloc:
4

v, whtle torque

guirements .n add:tion to th U e r onse :

*‘””" ents.n add:tion to the aJtomatic esp(ons converters are driven by fluids at ‘ow nressure but
0 f oraue convart WHHiC ; t th . ;

o7 the t\,'.q'Jv convarter wnich s a part or tne at h/gh velcoity,

automoblie s automatic transmission system.

Here are the formulas:

. ‘ ‘ e Hydrostatic Drive = HIGH cressure - LOW ve-
Actually a gear train Is used with the torque con- M

locity
verter to give extra speed ranges. But no gear y
train could give the infinite variations in speed and e Torque Converter = LOW pressure - HIGH ve-
torque of a torgque converter. iocity



HOW IT WORKS

To understand a torque converter, we must first
look at 2 basic fluid coupling.

FLUIDS AT HIGH VELQOCITIES
CAN TRANSMIT PCWER

ONE PART CAN DRIVE
ANOTHER BY FORCE
OF AIR - OR OIL

Fig. 2—Basic Principles Of A Fiuid Coupling

The basic principles of all fluid couplings are
shown in Fig. 2.

At the top. a fluid at high velocity strikes a turbine
and forces it to turn, driving the wheel. Thus,
torque is transmitted by a fluid.

Pm
l TURBINE /

i
]

1 . FLUID LIES
LEVEL IN BOWL

FLUID
COUPLING

—
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To change this toraue. the velocity of the fluid is
changed. At low velocity. the fluid will not even
move the turbine. At higher velocity. the turbine
starts turning and the wheel picks up speed.

This is something like putting two electric fans
face to face as shown in the lower part of Fig. 2.
By plugging in only one fan. we can cause the
other one to rotate.

This principle is used in a fluid coupling as foi-
jows:

Inside an oii-filled housing (A. (Fig. 3) are two
parts: the driving half, or pump (impeller). and the
dnven half, or turbine.

As the pump is turned by the engine, centrifugal
force causes oil to be forced radially outward,
crossing over and striking the vanes of the turbine.
This. rotates the turbine in the same direction and
SO couples the power,

Drawings B, C, and D explain how the flow of oil
drives the turbine.

In B. fluid is placed in a bow! and lies level.

In C, the bowl! is spun rapidly and centrifugal force
causes the fluid to cltmb up and spill over the out-
side edge of the bowl.

In D, another bow! is placed down over the first
one. Now when the bowils are spun an axial flow
or circuit is created and turning force Is trans-
mitted between the driving bowl and the driven

=

I
=D
— =

BC;\:E léLEJTgN TORQUE 1S
TRANSMITTED T
SPILLS OUT Sen o ;

UPPER BOWL BY
FORCE OF FLUID

Fig. 3—Operation Of A Fluid Coupling

Foo_
540 Litho in USA
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Fig. 4—Tcraue Converter
Torque is thus transmitted, but it is not increased.

This is where the torque converter goes beyond
the basic fluid coupling, for the converter can
multiply torque.

A torque converter (Fig. 4) looks much like the
fluid coupling we have just described. The main
difference is that the torque converter has—in ad-
dition to the driving pump and the driven turbine
—a set of blades or vanes called a stator.

The stator vanes change the direction of cil flow
after it has gone through the turbine and sends it
back to the pump. This enables the pump to in-
crease the twisting force or multiply the torque.

Since the converter is a closed unit. this flow i1s
repeated continuously. Many streams of fluid act
against many vanes at once and this is what gives
the power to drive a heavy machine.

OIL FLOW IN CONVERTER

Let's look at the flow of oil in the converter during
two cycles:

Torque Converters 6—73

Driving
Member
(Pump) {Impeller} Driven
Member
Turnine
ROTARY
CIL FLOW

VORTEX
CIL FLOW

Fig. 5—Vortex And Rotary Flow 'n A Fluid Coupling

1) Increasing the torque

2) Decreasing the torque

INCREASING THE TORQUE

Remember that the pump is driven by the engine.
while the turbine receives fluid energy from the
pump and sends it to the drive wheels.

Also remember how centrifuga! force sets up a
continuous circular flow in the coupling (Fig. 5]

This circutar flow of oil between the pump and
turbine is called vortex flow.

Another flow is set up around the pump and tur-
bine to form a coupling: this is called a rotary
flow.

The action of these combined oif flows will trans-
mit torque but not increase it.

Increasing the torque is where the stator comes
into play.
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ENTRANCE

Fig. 6 shows how oil emerges from the turbine in
reverse compared to pump reotation. Uniess this
ol flow is turned around. it will cause a loss of
power,

Note in Fig. © that the oll passages at the rim of
the turbine where the oil enters mus: become
smaller as they approach the smaller ¢iameter of
the turbine. As the same volume of oill must
squeeze through these funnel-like passages. the
oil stream w.:!' speed up when it leaves the tur-
bine. This speed Is used to increase torque by
directing it against the stator, which acts as a
fluid lever or fulcrum. The stator changes the di-

ROTATION

row Through Pump. Turbine, And Stater

rection of flow and sends the oil into the pump in
the same direction as pump rotation.

Let's see how the stator does its job (Fig. 7). A
stream of oil aimed at a flat surface (A) splashes
off at various angles. The oil can be made to flow
more smoothly by curving the entrance (B) and
can be reversed by more curving (C) with a re-
sulting increase in force as indicated by the large
arrow,

The stator has curved blades (as in C) which the
oil strikes as it leaves the turbine. These blades
turn the oii back in the direction of pump rotation.

STATOR
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Fig. B—Flow Direction Is Reversed Ry The Stator Vanes

Now that the stream of oil is moving in the same
direction but at a greater velocity. It enters the
pump smoothly (Fig. 8). lts velocity s added to
that developed in the pump so that the total ve-
locity at the pump exits has been increased.

This regenerating action is the key to muitiplying
torque in a torque converter,

To change the direction of oil flow. the stator
must be stationary during the increase in torgue.

Turbine

Torque Converters 8—5

However, once the pump and turbine are turning
at the same speed it would create resistance.
Therefore. the stator is sometimes mounted on a
freewheel clutch so that it can turn in one direc-
tion only (once torque stops increasingl. (In other
torque converters. the stator may be fixed to the
converter case.)

DECREASING THE TORQUE

Torque is increased as long as the engine is ac-
celerating t0 get the machine under way. But as
the engine speeds up. the turbine also speeds up.
which causes the vortex flow of oil in the con-
verter to decrease. At the same time. the rotary
flow increases.

Vortex flow keeps on changing to rotary flow (Fig.
9) until the pump and turbine are ‘locked up”
and all torgue increase stops.

The torque converter now acts as a simple fluid
coupling, sending the same torgue :t receives on
to the drive wheels.

The torque converter is able to automatically re-
cduce or increase torque in infinitely smaii steps
to match the needs of the machine and its driver,
This has the same effect as shifting speeds in a
gear trarsmission except that it is done smoothiy
and autcmatically while “on the go.”

WHILE TORGQUE iS {NCREASNG -
4ORE -
PUMP S TURNING FASTER

WORE
PUmP AND TURBINE REACH
SAME SPEED
Rotary Fiow As Torgue is Reduced

O
w
|
|
&)

.
C
]
1>



VARIATIONS ON TORQUE CONVERTERS

The chart celow shows some of the variation In
the number of elements used in several torque
converters.

Torgue Converter Design Design Design Design

Elements A B C D
Pump 2 1 1 1
Stator 2 2 1
Turbine 1 2 1 1

The design of a torque converter must match the
engine torque and rcad speed for each appiica-
tion In off-the-road machinery. units are matched
tc horsepowers (kilowatts) ranging from 40 to 600
(30-450; But the basic principles we ve covered
apply to all.

TORQUE CONVERTER TRANSMISSIONS

The torque converter Is but one part of the com-
plete transmission (Fig. 10).

H

[

[

j
—
T [
// CONTROLS
J |
o EE—
E” CONVERTER SECTION
RANGE GEAR
SECTION
\
|
>
FINAL DRIVE

SECTION
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Here are the major components:
¢ Converter Section

* Range Gear Section

¢ Final Drive Section

¢ Hydraulic Control System

Let's look at each part and see what is does for
the compiete transmission.

CONVERTER SECTION

We have looked at torgque converters with three
elements—one pump, one turbine. and one stator.

Now we will examine a twin-turbine mode! (Fig.
11) which has one pump and one stator. but two
turbines (first and second).

The first turbine is shown in blue. while the sec-
ond is shown in red.

Fig. 10—Compiete Torque Converter Transmission

FOS—ag

Litho in U.S A
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Each turbine 1s connected to its individual output
gear set. In reality. two converters have been
combined Into one. The first (blue) turbine is con-
nected to its output shaft by a freewheel clutch.

Here is how the two turbines work together:

When torgue demand is high. the freewheel clutch
is engaged and the first turbine. assisted by the
second turbine. drives the gears. When the ma-
chine speeds up. torque demand drops. Then the
second turbine takes over the entire load and the
freewheel clutch disengages the first turbine.

As a result, the first turbine provides high torque
and low speed. (for starting up and ioading) while
the second turbine provides higher speed with
fower torque {for travel).

A combining gear set directs torque from the first
and second turbine (or the second turbine only)
to the range gear section.

RANGE GEAR SECTION

Since torque is reduced and increased automati-
cally in the torque converter, only a few gear sets
are normally required in the transmission.

However, as the torque converter rotates in only
one direction, it is necessary to have a reverse
gear. In some applications, it ts also desirable
to have low and high range gears as shown in
Fig. 11.

Simple planetary gear sets meet the needs of
extra gear ranges and lends themselves to hy-
draulic control.

NOTE: Planetary gear sets and their control by
hydraulic clutches are explained in Chapter 4.

FINAL DRIVE SECTION

The final drive section includes the transfer drive
gear. transfer driven gear and output shaft (Fig.
11). The cutput shaft provides for one or for two
outputs from the same common shaft. Two out-
puts can be used to propel a four-wheel drive
machine as shown in Figs. 11 and 15.

Note also that by adding the transfer gear and
one clutch (high range) in Fig. 11. another for-
ward speed range can be obtained.

Torque Converters 6—-7

CONVERTER PU#P  SECOND-~TURBINE DRIVE

SECOND TURBINE
“ FIRST-TURBINE DRIVE

/

PLANETARY
TURBINETN

FORWARD CLUTCH

A m\‘ HIGH
! \\ cLuTcH
73 :

CONVERTER STATOR

FREEWHEEL CLUTCH

TRANSFER DRIVE GEAR

OUTPU 1

TRANSFER DRIVEN GEAR i j

Fig. 11——Twin-Turbine Torque Conuerter

HYDRAULIC CONTROL SYSTEM

The hydrautic control system uses
jobs:

oll to do these

¢ Oil flow lubricates and cools the parts
* Oil pressure engages the clutches
» Oil velocity drives the turbines

Let's use the hydraulic controls for the twin-
turbine converter we have just described to see
how a typical system works.

There are four basic circuits as shown n Fig. 12

1) Oil Pump and Fiiter Circuit
fines).

ishown by blue

2) Main-Pressure Reguiator Valve and Converter-
in Circuit (shown by red lines).

3) Converter-Out. Cooler. and Lubrication Circuit
{shown by dotted biue lines).

4) Selector Control Vaive Circuit ishown by
dotted red lines).

Let's build up the system and expilain each
circuit.



0L PUMP AND
FILTER CIRCUIT

/ canTRO 1

MAIN-PRESSURE AND
CONVERTER-iN CIRCUIT
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Fig. 12—Hydraulic Control System For Torgue Converter Transmission

Qil Pump And Filter Circuit
O is drawn from the transmission reservoir by

e oH pump as shown in Fig. 12. The pump de-
vers 11 entire output to a full-flow oll filter for

From the oil filter, the oil supply is sent
ain-pressure circuit.

Main Pressure Regulator Valve and Converter-In
Circuit

The main pressure reguiator valve provides pres-

sure for the planetary ciutch packs. directs o to
the selector control valve. and supplies pressure
ol Into tne torgue converter. A converter pres-

sure reguiator valve in the converter-in line limits
the o1l pressure there,

Converter-Out. Cooler, and Lubrication Circuit

The torgus converter is continuously filled with
Oit during operation. Rotation of the converter
PUMp Imparts energy to the oil which. in turn.
drives the turbines. The oil then flows between
tne stator vanes which redirect it to the pump.

FO5—40 Lithe in U.S A

Qil flowing out of the converter is directed into
the oll cooler as shown in Fig. 12, The cooler is

a heat exchanger in which the oil flows through
water- or air-cooled passages.

From the cooler. oil flows to all passages and
outlets in the lubrication circuit (dotted blue
linesi. A lubrication vaive between the cooler and
lubrication system returns ail excess oil to the
transmission reservoir.

Selector Valve Circuit

Pressure oil from the main-pressure reguiator
vaive flows into the selector valve bore and sur-
rounds the valve in the area of the detent notches.
From this area, main pressure ol s
operating the low. high. and reverse rangs piane-
tary clutches (see dotted red lines).

Moving the selector valve aliows o011 to charge
the selected clutch line and to engage that ciutc

This completes the four basic conirol
our torque converter ransmission.

circuits in
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NOTE: For dgetails cn hydraulic components, see
the FOS “Hydraulics manual.

SUMMARY. FEATURES OF TORQUE
CONVERTERS

- Multiply torque

Provide infinite speed ranges

o

w

Shitt smoothly and automatically

4. Cushion shock loads cn drive lines

\n

Help to dampen vibrations

TROUBLESHOOTING

INTRODUCTION

Qil circulates at high velocity within the torgue
converter and any foreign material it carries will
rapidly wear down the edges and pit the turbine
vanes (Fig. 13). changing their effective shape.

Fig. 13—Turbines For Twin-Turbine Torque Converter

Torque Converters  8-—9§

Fig. 14—Pump For Torque Converter

Vane damage will also cause the turbines to be-
come unbalanced. In addition. dirty oil will dam-
age bearings and seals.

Some torgue converters contain parts made of
lightweight aluminum alloys (Fig. 14). Converter
housings are usually made of cast aluminum.

Be sure to handle all converter parts carefully
to prevent nicking. scratching, and denting.

Parts which fit together closely but with operat-
ing clearance will stick if damaged only slightly.
Parts which depend upon smooth surfaces for
sealing may leak if scratched

All these parts should be carefully handled and
protected during removal. cleaning. inspection,
and instaliation.

Use these rules to heip prevent failures:
1. Be sure the oil is kept clean.

2. Service the system at proper intervals.

2

3. Repair it only if you are qualified.
4. Use all spec/'a/ tools recommended.
5

. See the machine Technical Manual for detaiis.

FOS—a0 Litbe o0 U.SA



