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Hydraulic Unscrewing Device
Without guiding thread with cam

Safety Considerations
Mold maker must fabricate stationary boxes over the
rack areas which move to protect against injury to
personnel. Mold maker must also put safety interlocks
to prevent movement of unscrewing device if these
protection boxes are removed for any reason.

Also, sheet metal should be used to cover gear areas
to prevent gear damage from loose debris falling
between the racks and gears.

Safety Protection Box

Safety Protection Box (see outer dotted
lines indicated at left) fabricated by
mold maker should completely cover
movement of Unscrewing Device.
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he following application notes are to assist in the selection of drive gears and the D-M-E 
Hydraulic Cylinder components associated with Unscrewing mold applications. D-M-E Company

provides these application notes as a suggested method based upon prior applications and
experience. D-M-E Company assumes no liability for the construction or design of said mold or
dimensional stability of parts produced from these notes except the workmanship and integrity 
of the components supplied by the D-M-E Company.

A. ENTER IN APPLICATION INFORMATION FOR THE CAPS

❏ ____________ A.1) Enter the maximum outside dia. of Cap in Inches

❏ ____________ A.2) Enter the maximum outside Thread dia. in Inches

❏ ____________ A.3) Enter the Thread Lead in Inches/Thread

(example: 8 threads per inch would be � 0.125 Inches/Thread)

❏ ____________ A.4) Enter threaded length of cap in Inches

❏ ____________ A.5) Enter the maximum Injection Molding Cavity Pressure that will not 
be exceeded (Typical Injection Molding Machines generate up to 
20,000 PSI Max at the barrel)

❏ ____________ A.6) Enter the maximum Hydraulic Pressure available (maximum is 2,175 PSI)

❏ ____________ A.7) Enter the desired number of cavities in the mold

A tip for using this workbook 
Record Information

❏ ____________ This box symbol will appear in the application notes and requires 
information to be recorded in the provided underlined space.

T

HYDRAULIC UNSCREWING CUSTOMER CAP INFORMATION
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n B. CALCULATE THE NUMBER OF THREADS OR REVOLUTIONS REQUIRED TO REMOVE THE THREADED CORE

❏ ____________ B.1) Enter the number of Threads or Revolutions to remove the Threaded Core

Thread Length [A.4]
Revolutions (threaded core) = ———————— � safety = ——— +(minimum .5 revolutions)

Thread Lead  [A.3]

C. SELECT THE MINIMUM SPACING BETWEEN CAP CAVITIES

❏ ____________ C.1) Enter the minimum Cavity Spacing, Center to Center Distance in Inches

(If the cavity blocks are not available or the value is unknown, See 
Appendix A - Typical Cavity Spacing Calculation Procedure and Tables, 
use Appendix A - Procedure 1 ”Theory,“ Procedure 2 - ”Step by Step 
Calculation Method,“ or Procedure 3 - ”Look-up Table Method.”)

• [C.1] must be greater than [A.1] and the steel must support [A.5] maximum 
injection molding cavity pressure. This value is not based on the drive gear 
diameter which will be considered later.

D. CALCULATING THE UNSCREWING TORQUE FOR ONE CAVITY

❏ ____________ D.1) Enter the Torque in Inch-Pounds (in-lbf) required to unscrew the threaded core.
(See Appendix B - Typical Unscrewing Force Calculation Procedure and Tables, use
Procedure 1 “Calculation Method” or Procedure 2 “Look-up Table Method.”)

20357 HUD DAG_rev  9/12/06  4:36 PM  Page 4



5

Hydraulic Unscrew
ing Device: W

orkbook Section

E. SELECTING A MINIMUM DIAMETER DRIVE SHAFT FOR THE THREADED CORE IN INCHES

❏ ____________ E.1) Enter the minimum shaft Diameter for the Threaded Core in Inches 
(See Appendix C - “Shaft Considerations,” Procedure 1 “Calculation Method” 
or Procedure 2 “Look-up Table Method.”)

• The minimum shaft diameter is the smallest reduced diameter allowed. 
Shafts may have to be a larger diameter to accommodate steps for thrust
bearings, etc.

• Use the Torque calculated in [D.1] which is in inch-pounds force

❏ ____________ E.2) Calculate the Static Thrust the shaft must support due to Max. Cavity Pressure

[Max. Cavity Diameter]2 � �
Max. Thrust (lbf) � ——————————————————- � Max. Cavity Pressure 

4

� [A.1]2 x [A.5] x 0.785398

• You need to decide if a step or angle on the shaft is required to support this
load. A typical minimum step to support a thrust bearing would increase
diameter [E.1] by 1/4". 

• For Gears listed in Appendix D, the maximum RPM will be 458 RPM for the
smallest Pitch Diameter Gear and is less for larger gears. The dynamic thrust
is typically minimal compared to the static thrust during injection pressures.

❏ ____________ E.3) Enter the minimum shaft diameter size where the gear will be slid over. 

F. SELECTING THE PITCH DIAMETER OF THE DRIVE GEAR - USE 20 DEGREE PRESSURE ANGLE GEARS ONLY

❏ ____________ F.1) Enter the Pitch Diameter of the Drive Gear to be used in Inches. 
(See Appendix D - Table of Standard Gears)

The Gear will have to meet or exceed the following criteria:

• gear revolutions for stroke length � [B.1] required revolutions

• max. gear torque � [D.1] unscrewing torque for one cavity

• Internal gear bore dia. � [E.3] minimum shaft dia.

❏ ____________ F.2) Record the Gear’s Diametral Pitch

❏ ____________ F.3) Record the Gear’s Internal Bore Diameter

❏ ____________ F.4) Record the Gear’s Pitch Circle Perimeter

❏ ____________ F.5) Record the Gear’s Outside Diameter
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G. MAKE FINAL CAVITY SPACING DECISION

❏ ____________ G.1) Select Cavity Spacing in Inches

Use the following items for minimum spacing
• Cavity Spacing must be � [A.1]
• Cavity Spacing must be � [C.1] if cavity/stripper inserts, 

use required clearance
• Cavity Spacing must be � [F.5] plus clearance (use an 1/8" minimum)
• Cavity Spacing must be � O.D. of Thrust Bearings used plus clearance
• Cavity Spacing must be � Required Plastic Flow Channel Requirements 

H.  MAXIMUM # OF CAVITIES IN ONE STRAIGHT LINE FOR HYDRAULIC CYLINDERS 
BASED ON THE SELECTED GEAR:

H.1) Available Hydraulic Cylinder Lengths

❏ ____________ H.2) Calculate the minimum stroke needed to unscrew the cap in Inches

• This also � minimum length of rack to extend past all gears. SAE Racks 
are designed to obtain full stroke for gears mounted within Cylinder 
Support Length

minimum stroke � Selected Gear Pitch Circle Perimeter � # of revolutions required
[H.2] � [F.4] � [B.1]

H.3) Calculate the maximum number of cavities per cylinder length in one straight line
(See Appendix E - Maximum Number of Cavities and Examples)

� Integer {Support Length (from table) � (Cavity,Gear,Design Spacing) [G.1]} �1

• [H.2] must be � Stroke (from table) to be valid

❏ ____________ H.3.1) Enter the Max # of cavities for Cylinder # ZG-25-300 � Int { 13.85 / [G.1]} �1
This value is 0 and unusable if [H.2] � 11.81" stroke

❏ ____________ H.3.2) Enter the Max # of cavities for Cylinder # ZG-25-400 � Int { 17.79 /[G.1]} �1
This value is 0 and unusable if [H.2] � 15.74" stroke

❏ ____________ H.3.3) Enter the Max # of cavities for Cylinder # ZG-25-500 � Int { 21.73 / [G.1]}�1
This value is 0 and unusable if [H.2] � 19.68" stroke

❏ ____________ H.3.4) Enter the Max # of cavities for Cylinder # ZG-40-300 � Int {13.85 /[G.1]} �1
This value is 0 and unusable if [H.2] � 11.81" stroke
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PISTON DIA. SHAFT DIA. STROKE SUPPORT LENGTH CAT. REF. #
inches (mm) inches (mm) inches (mm) inches (mm)
.984" (25) .630" (16) 11.81" (300) 13.85" (352) ZG-25-300

.984" (25) .630" (16) 15.74" (400) 17.79" (452) ZG-25-400

.984" (25) .630" (16) 19.68" (500) 21.73" (552) ZG-25-500

2.480" (63) 1.417" (36) 15.74" (400) 18.46" (469) ZG-63-400

2.480" (63) 1.417" (36) 19.68" (500) 22.40" (569) ZG-63-500

1.574" (40) .866" (22) 11.81" (300) 13.85" (352) ZG-40-300

1.574" (40) .866" (22) 15.74" (400) 17.79" (452) ZG-40-400

1.574" (40) .866" (22) 19.68" (500) 21.73" (552) ZG-40-500
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❏ ____________ H.3.5) Enter the Max # of cavities for Cylinder # ZG-40-400 � Int { 17.79 / [G.1]} �1
This value is 0 and unusable if [H.2] � 15.74" stroke

❏ ____________ H.3.6) Enter the Max # of cavities for Cylinder # ZG-40-500 � Int { 21.73 / [G.1]}�1
This value is 0 and unusable if [H.2] � 19.68" stroke

❏ ____________ H.3.7) Enter the Max # of cavities for Cylinder # ZG-63-400 � Int { 18.46 / [G.1]}�1
This value is 0 and unusable if [H.2] � 15.74" stroke

❏ ____________ H.3.8) Enter the Max # of cavities for Cylinder # ZG-63-500 � Int { 22.40 / [G.1]}�1
This value is 0 and unusable if [H.2] � 19.68" stroke

• NOTE: If there is no usable values due to [H.2] � stroke, then a cogwheel which
increases the stroke’s linear movement through using gear ratios will have to be
designed. It is beyond the scope of this document to discuss, but a design
engineer may be able to find a workable combination. 

• Also, if too much of the stroke is used for [H.2], then there will be very little to
provide stripper height which supplies “BUMP” to assist in shaking off the cap.

I. MAX. # OF CAVITIES FOR HYDRAULIC CYLINDERS BASED ON ITS PISTON DIAMETER
❏ ____________ I.1) Calculate the Hydraulic Force Required per Cavity (lbf )

• (NOTE: x1.5 is a 50% safety factor; if x1.0 there would be no safety factor)

Unscrewing Torque (in-lbf ) [D.1] [D.1]
� ————————————————- � 1.5 � —————— � 1.5 � —————— x 3.0

Gear Pitch Radius (in) [F.1] / 2 [F.1]

I.2) Calculate the Maximum # of Cavities that the Cylinders can Unscrew
� Integer (Area of Cylinder’s Piston � Hydraulic Press /Hydraulic Force 

Req. per Cavity)

(� � Piston Dia2 / 4 ) � [A.6]
� Integer { ———————————————————— }

[ I.1 ]

• NOTE: When taking the Integer, do not round up. (Ex. if  � Integer{2.734} then � 2)

❏ ____________ I.2.1) Calculate Maximum Number of Cavities for Cylinders ZG - 25 - XXX
= Integer { 0.760466 in2 � [A.6] / [I.1] } 

❏ ____________ I.2.2) Calculate Maximum Number of Cavities for Cylinders ZG - 40 - XXX
= Integer { 1.9458051 in2 � [A.6] / [I.1] }

❏ ____________ I.2.3) Calculate Maximum Number of Cavities for Cylinders ZG - 63 - XXX
= Integer { 4.8305128 in2 � [A.6] / [I.1] } 

J. MAKE A LIST OF CYLINDERS WHICH CAN BE USED
J.1) For Single Row of Cavities and One-Cylinder Applications, check box if conditions TRUE

Max. In-Between Min.
❏ For Cylinder # ZG-25-300  Conditions [I.2.1] � [H.3.1] or Less � [A.7]
❏ For Cylinder # ZG-25-400  Conditions [I.2.1] � [H.3.2] or Less � [A.7]
❏ For Cylinder # ZG-25-500  Conditions [I.2.1] � [H.3.3] or Less � [A.7]

❏ For Cylinder # ZG-40-300  Conditions [I.2.2] � [H.3.4] or Less � [A.7]
❏ For Cylinder # ZG-40-400  Conditions [I.2.2] � [H.3.5] or Less � [A.7]
❏ For Cylinder # ZG-40-500  Conditions [I.2.2] � [H.3.6] or Less � [A.7]

❏ For Cylinder # ZG-63-400  Conditions [I.2.3] � [H.3.7] or Less � [A.7]
❏ For Cylinder # ZG-63-500  Conditions [I.2.3] � [H.3.8] or Less � [A.7]
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J.2) For two Rows of Cavities and One-Cylinder Applications, check box if conditions TRUE

Max. In-Between Min.
❏ For Cylinder # ZG-25-300  Conditions  [I.2.1] � 2 � [H.3.1] or Less � [A.7]
❏ For Cylinder # ZG-25-400  Conditions  [I.2.1] � 2 � [H.3.2] or Less � [A.7]
❏ For Cylinder # ZG-25-500  Conditions  [I.2.1] � 2 � [H.3.3] or Less � [A.7]

❏ For Cylinder # ZG-40-300  Conditions  [I.2.2] � 2 � [H.3.4] or Less � [A.7]
❏ For Cylinder # ZG-40-400  Conditions  [I.2.2] � 2 � [H.3.5] or Less � [A.7]
❏ For Cylinder # ZG-40-500  Conditions  [I.2.2] � 2 � [H.3.6] or Less � [A.7]

❏ For Cylinder # ZG-63-400  Conditions  [I.2.3] � 2 � [H.3.7] or Less � [A.7]
❏ For Cylinder # ZG-63-500  Conditions [I.2.3] � 2 � [H.3.8] or Less � [A.7]

• NOTE: In J.1 and J.2, the Max. value is based on the number of cavities that the Hydraulic
Cylinder can unscrew based on the Force only. The In-Between value is based only on the
amount of stroke and support length available from the Hydraulic Cylinder. The Min. is based
on customer Application needs. The “or Less” comment in J.1 and J.2 is stated because it is
possible to have the Max. �� In-Between, in which the In-Between value would have to be
selected as a less or smaller value, but kept larger or equal to the Min. value. The conditions
could still be met and remain TRUE in this situation.

J.3) If None of the above conditions worked, if it is primarily limited by the I.2.X value, a larger Pitch
Diameter gear will reduce the amount of unscrewing force and decrease H.3.X but may also
increase the cavity spacing. If H.3.X is the limiting factor, then the Pitch Diameter would have to
be decreased, which will decrease the I.2.X value. Decreasing this value may make it impossible
to have enough strength in the gear. You may have to reconsider the number of cavities and
change this value to fit the design parameters.

K. SELECT THE HYDRAULIC CYLINDER WHICH WILL BE USED

❏ ____________ K.1) Enter the D-M-E Catalog Cylinder Number to be used

(NOTE: Avoid using the last few inches of stroke to increase the life 
of the cylinder seals, if possible. Use limit switches to prevent cylinder
from achieving full travel.)

❏ ____________ K.2) Enter the Total Number of Cavities that will be used

❏ ____________ K.3) Enter the number of rows of cavities to be used (either 1 or 2)

❏ ____________ K.4) Calculate the minimum Hydraulic Unscrewing Force needed (lbf )
� Hydraulic Force required per Cavity � # of Cavities � [I.1] � [K.2]

❏ ____________ K.5) Calculate the min. Hydraulic Pressure to supply the Cylinder (max. � 2175 PSI)
Maximum Available was [A.6]

Hydraulic Unscrewing Force (lbf )                            [K.4]
� ——————————————————— � ————————————————

Cylinder’s Piston Area (in2)                          � � (Piston Dia)2 /4

For Cat # ZG-25-XXX   � [K.4] / (0.760466 in2 )

For Cat # ZG-40-XXX   � [K.4] / (1.9458051 in2 )

For Cat # ZG-63-XXX   � [K.4] / (4.8305128 in2 )

❏ ____________ K.6) Calculate the “Required Stroke” that the unscrewing Action will use in Inches

� Gears Pitch Circle Perimeter � # of revolutions � [F.4] � [B.1]
8
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❏ ____________ K.7) Calculate the available “Stripper Stroke” for moving the Stripper Plate 
(provides “BUMP”)

For Cat # ZG-XX-300 the total available stroke � 11.81"
For Cat # ZG-XX-400 the total available stroke � 15.74"
For Cat # ZG-XX-500 the total available stroke � 19.68"

= Total Available Stroke for Cat # [K.1] 	 Unscrewing Action Inches [K.6]

L.     CONTROL CAM CALCULATIONS – ANGLES THAT WILL BE PUT ON THE CAM RISER IN DEGREES
(SEE DIAGRAM ON PG. 10)

❏ ____________ L.1) Calculate the Moving Cam Angle ( 
 ) NOTE: Moves main stripper Plate
***  Place calculator in Degree Mode


 �Tan-1 { Thread Lead / (Gear Pitch Diameter ��) }

�Tan-1 { Thread Lead / Gear Pitch Circle Perimeter }

�Tan-1 { [A.3] / [F.4] } in Degrees

Example: Let’s say [A.3] = 0.125 Inches / Thread and 
[F.4] = 4.712 Inches Perimeter for the Gear


 �Tan-1 { [A.3] / [F.4]  } in Degrees
�Tan-1 { 0.125 / 4.712  } in Degrees
�Tan-1 { 0.026528013 } in Degrees
� 1.519586822 in Degrees

Note: by pressing your calculator button DD ➔ DMS or [Inverse] [ ° '  "] button 
you should obtain your answer in degrees - minutes and seconds
� 1° 31' 10.51" (Degrees - Minutes - Seconds)

If not, as long as your calculator was in degrees you can do the following:
For the Degree number 1.519586822
Step 1 - Find Degrees

Take the value to the left of the decimal = 1. which equals 1 Degree
Step 2 - Find Minutes

Take the fractional part left, 0.519586822
multiply by 60 minutes � 0.519856822 x 60 � 31.17520929
Take the value to the left of the decimal � 31. which equals 31 Minutes

Step 3 - Find the Seconds
Take the fractional part left, 0.17520929
multiply by 60 seconds � 0.17520929 x 60 � 10.5125574 Seconds
Round to two decimal places � 10.51” Seconds

Step 4 - Put the Angle together

 � 1 degree 31 minutes 10.51 seconds or 1° 31'  10.51"

❏ ____________ L.2) Enter the Desired Stripper Height in Inches  NOTE: Provides “Bump” or moves 
the anti-rotational stripper plate

Typically about 1-1/2 times the Thread Lead [A.3] minimum

❏ ____________ L.3) Calculate Stripper Cam Angle ( � )

*** Place calculator in Degree Mode; Stripper Stroke = [K.7] – unused stroke. 
Try to leave at least 2" of unused stroke which will be stopped by a limit 
switch to increase internal cylinder seal life.

� �Tan-1 { Stripper Height / Stripper Stroke } in Degrees

�Tan-1 { [L.2] / ([K.7] – unused Stroke) } 9

Hydraulic Unscrew
ing Device: W
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The following Application Diagram shows how the cam riser will have to be shaped.
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n M. RECORD FINAL DESIGN PARAMETERS WHICH WILL BE USED

Catalog Dimensions of Hydraulic Cylinders

The above table summarizes the catalog dimensions for the D-M-E Catalog # you selected in [K.1].

PISTON DIA. SHAFT DIA. STROKE SUPPORT LENGTH CAT. REF. #
inches (mm) inches (mm) inches (mm) inches (mm)
.984" (25) .630" (16) 11.81" (300) 13.85" (352) ZG-25-300

.984" (25) .630" (16) 15.74" (400) 17.79" (452) ZG-25-400

.984" (25) .630" (16) 19.68" (500) 21.73" (552) ZG-25-500

2.480" (63) 1.417" (36) 15.74" (400) 18.46" (469) ZG-63-400

2.480" (63) 1.417" (36) 19.68" (500) 22.40" (569) ZG-63-500

1.574" (40) .866" (22) 11.81" (300) 13.85" (352) ZG-40-300

1.574" (40) .866" (22) 15.74" (400) 17.79" (452) ZG-40-400

1.574" (40) .866" (22) 19.68" (500) 21.73" (552) ZG-40-500

FROM THIS DESIGN GUIDE FROM CATALOG PAGE
FOR THE RACK YOU SELECTED

A.2 __________________ K.2 __________________
A.3 __________________ K.3 __________________
A.4 __________________ K.5 __________________
E.1 __________________ K.6 __________________
F.1 __________________ K.7 __________________
F.3 __________________ L.1 __________________
G.1 __________________ L.2 __________________
K.1 __________________ L.3 __________________

For convenience, re-record the pertinent design parameters below.

Rack length Q: ____________________

Distance from center
of hydraulic cylinder
to the racks pitch line U: ____________________
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If [K.3] � 1 then it is a Single-Row Application; see the following diagram:

If [K.3] � 2 then it is a Two-Row Application; see the following diagram:
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Cylinder Support Length [D-N-M]

G

0.787"
0.787"
0.787"

1.181"
1.181"
1.181"

1.969"
1.969"

J

1.339"
1.339"
1.339"

1.732"
1.732"
1.732"

2.756"
2.756"

(D-N-M)

13.85"
17.79"
21.73"

13.85"
17.79"
21.73"

18.46"
22.40"

Cylinder #

ZG-25-300
ZG-25-400
ZG-25-500

ZG-40-300
ZG-40-400
ZG-40-500

ZG-63-400
ZG-63-500

E2

2.598"
4.567"
3.386"

2.598"
4.567"
3.386"

4.882"
3.701"

E
#      Inches

3 3.150"
3 3.150"
5 3.150"

3 3.150"
3 3.150"
5 3.150"

3 3.150"
5 3.150"

*E1
2.202"
4.173"
2.992"

2.205"
4.173"
2.992"

4.488"
3.307"

P

1/4" BSPT
1/4" BSPT
1/4" BSPT

1/2" BSPT
1/2" BSPT
1/2" BSPT

3/4" BSPT
3/4" BSPT

bb

1/8"
1/8"
1/8"

1/8"
1/8"
1/8"

5/16"
5/16"

II
#   Cap Screw

8 M5
8 M5

12 M5

8 M5
8 M5

12 M5

8 M8
12 M8

BSPT = British Standard Pipe Taper

* – Note: Use E1 value instead of E2 if Hydraulic Cylinder Ports face the side instead of straight down
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Hydraulic Unscrewing Device

Appendix List

Appendix List

Appendix A - Typical Cavity Spacing

Procedure 1 - Theory

Procedure 2 - Step by Step Calculation Method

Procedure 3 - Look-up Table Method

Appendix B - Typical Unscrewing Torque Calculation Procedure and Tables

Procedure 1 - Calculation Method

Procedure 2 - Look-up Table Method

Appendix C - Shaft Considerations

Procedure 1 - Calculation Method

Procedure 2 - Look-up Table Method

Appendix D - Table of Standard Gears

Appendix E - Example and Calculation Space for Maximum # of Cavities

Appendix List 15
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Appendix A – Typical Cavity Spacing

Procedure 1 – Theory for Stress Calculations Using Thick Walled Pressure Vessel Calculations

Appendix A – Typical Cavity Spacing 
Procedure 1 - Theory

Hydraulic Unscrewing Device Appendix A - Procedure 1 17
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Hydraulic Unscrewing Device

Procedure 2 – Step by Step Procedure for Calculating Cavity Spacing Using Procedure 1

Step 1 – Calculate if Cavity Deflection design criteria is possible

18 Appendix A - Procedure 2
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Step 2 – Calculate the Cavity Material Stress PSI which is the Maximum Hoop Stress

O.D.2 � I.D.2
Max. Hoop Stress � q * ——————————-

O.D.2 	 I.D.2

where q � Maximum Injection Molding Pressure in PSI, [A .5]
and O.D. � Min O.D. as calculated in Step 1
and I.D. � Cap Diameter in Inches, [A.1]

Step 3 – Check if Stress levels meet the Design Stress criteria for the Cavity Steel being used. 
If not, increase the O.D. of the Cavity Insert until it meets the criteria.

TYPICAL DESIGN CRITERIA:

Use an endurance limit for the cavity steel which allows the number of injection molding cycles to
occur before cavity steel fatigue type failure occurs.

Endurance Limit, Machine Surface � 35% - 40% of Ultimate Strength (U.S.), 
Ground Surface�50% U.S., the Endurance Limit should also be less than 75% of 
the Cavity Steel Yield Strength (Y.S.)

DESIGN STRESS THAT CAN BE USED:

Design Stress � Endurance Limit � 40% U.S. � 75% Y.S. of the Cavity Steel

For H-13 Rc�44 at 800F, U.S. � 171,000 PSI, Y.S. � 138,000 PSI; Design Stress � 68,400 PSI

For H-13 Rc�15 at 70F, U.S. � 97,000 PSI, Y.S. � 54,000 PSI; Design Stress � 38,800 PSI

For Hobbing Steel P-5, Case Hardened between Rc � 59 	 67 and P-5 Core Hardness of Rc �
15 	 25 at 70F, U.S. � 95,000 PSI, Y.S. � 60,000 PSI; 
Design Stress � 38,000 PSI, Modulus of Elasticity 30�106 PSI (30E6)

CALCULATE THE MINIMUM DESIGN STRESS O.D.

q * I.D.2
Min. Design Stress O.D. �    ————————— � I.D.2

Design Stress

———————————————-

q
1 	 —————————

Design Stress

Where q � Max. Inject. Press. [A.5], I.D. � Cap Dia. [A.1], use Design Stress of Cavity Material 

Appendix A – Typical Cavity Spacing 
Procedure 2 - Step by Step Calculation M

ethod

Hydraulic Unscrewing Device Appendix A - Procedure 2 19
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Hydraulic Unscrewing Device

LOOK-UP TABLE for Step 3: Using P-5 Harden material with Design Stress � 38,000 PSI

20 Appendix A - Procedure 2
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Step 4 – Select the Cavity Insert O.D. that will be used.

Select the largest O.D. value from: Min. Deflection O.D. or Min. Design Stress O.D.

NOTE: *** � means that cavity deflections�0.001” are not possible for this condition

Appendix A – Typical Cavity Spacing 
Procedure 2 - Step by Step Calculation M

ethod

Hydraulic Unscrewing Device Appendix A - Procedure 2 21
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Hydraulic Unscrewing Device

Step 5 – If Cavity Deflection Design and Design Stress is possible, calculate the 
steel between two cavities

between � Cavity Insert O.D. 	 b
where Cavity Insert O.D. � value chosen in Step 4 in Inches
and b � Cap Outside diameter, [A.1] in inches

This does not take into consideration any material clearance between Cavity Inserts, an
additional 1/8” minimum is normally added to the between value.

Step 6 – Record the Minimum Cavity Spacing Value that will be used in [C.1]

22 Appendix A - Procedure 2
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Procedure 3 – LOOK-UP TABLE using Specified Parameters and following Procedure 2

P-5 Cavity Insert Material; Core Hardness Rc � 15 	 25; Case Hardness Rc � 59 to 67
for High-strength low-alloy structural steels, Modulus of Elasticity E � 29,000,000 PSI;  

Possions Ratio  � 0.27
�b � 0.001” maximum cavity deflection
Ultimate Strength � 95,000 PSI, Yield Strength � 60,000 PSI; Use Design Stress � 38,000 PSI

Min. O.D. � Minimum O.D. of the Cavity Insert
Between � Minimum Steel between Cavity Inserts with no clearance, 

(typical Cavity Insert Clearance �1/8”)
Stress PSI � Cavity Insert Stress under Injection Pressure

NOTE:  Center to Center Cavity Spacing � [C.1] � Min. O.D. � Cavity Insert Clearance 
(typically �1/8”)

*** � means that cavity deflections � 0.001” are not possible for this condition

Appendix A – Typical Cavity Spacing 
Procedure 3 - Look-up Table M

ethod

Hydraulic Unscrewing Device Appendix A - Procedure 3 23
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Appendix B – Typical Unscrew
ing Torque 

Procedure 1 – Calculation M
ethod

Hydraulic Unscrewing Device Appendix B – Procedure 1 25
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Appendix B – Typical Unscrewing Torque 
Calculation Procedure and Tables

Procedure 1 – Calculation Method

These figures should only be used as a guideline as many other factors will affect the calculation.
(Material variation of dimensions, material shrinkage, core surface area, temperature,
lubricant/friction, etc.)

f) Residual pressure (PSI) {1/100 of maximum injection molding cavity pressure}

[A.5]
RP � —————

100

g) Effective core surface area (square inches)

• Flat end of Threaded core neglected, �2 value for 45°Triangle Thread Shape

SA � [A.2] � � � [A.4] � 2

SA � [A.2] � [A.4] � 6.2832

h) Unscrewing torque (in-lbs)

[A.2]
UT � RP � SA � —————

2
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Hydraulic Unscrewing Device26 Appendix B – Procedure 2
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Appendix B – Typical Unscrew
ing Torque

Procedure 2 - Look-up Table M
ethod

Procedure 2 – Look-up Table Method (calculations based on Procedure 1)

Table of Unscrewing Torques 	 O.D. Threads Inches [A.2] versus Thread Length Inches [A.4]
Values in Table Inch-Pounds force (in-lbf ) which could � [D.1]
Maximum Injection Cavity Pressure is set to 20,000 PSI = [A.5]

20357 HUD DAG_rev  9/12/06  4:37 PM  Page 26



Hydraulic Unscrewing Device

Appendix B – Typical Unscrew
ing Torque 

Procedure 2 – Look-up Table M
ethod

Appendix B – Procedure 2 27
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Table of Unscrewing Torques - O.D. Threads Inches [A.2] versus Thread Length Inches [A.4]
Values in Table Inch-Pounds force (in-lbf ) which could � [D.1]
Maximum Injection Cavity Pressure is set to 15,000 PSI = [A.5]

Appendix B – Typical Unscrew
ing Torque
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Hydraulic Unscrewing Device28 Appendix B - Procedure 2
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Appendix B – Typical Unscrew
ing Torque

Procedure 2 - Look-up Table M
ethod

Table of Unscrewing Torques - O.D. Threads Inches [A.2] versus Thread Length Inches [A.4]
Values in Table Inch-Pounds force (in-lbf ) which could � [D.1]
Maximum Injection Cavity Pressure is set to 10,000 PSI = [A.5]
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Appendix B – Typical Unscrew
ing Torque

Procedure 2 – Look-up Table M
ethod

Hydraulic Unscrewing Device Appendix B – Procedure 2 29
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Table of Unscrewing Torques - O.D. Threads Inches [A.2] versus Thread Length Inches [A.4]
Values in Table Inch-Pounds force (in-lbf ) which could � [D.1]
Maximum Injection Cavity Pressure is set to 5,000 PSI = [A.5]

Appendix B – Typical Unscrew
ing Torque
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Appendix C – Shaft Consideration
Procedure 1 – Calculation M

ethod

Hydraulic Unscrewing Device Appendix C – Procedure 1 31
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Appendix C – Shaft Considerations

Procedure 1 – Calculation Method: ASME Code equation for a solid shaft having

little or no axial loading

16 _________________________
d3 � —————- � � (Kb � Mb)2 � (Kt � Mt)2

� � Ss

___________________________________

3 16 _________________________
d � —————- � � (Kb � Mb)2 � (Kt � Mt)2

� � Ss

d � the minimum shaft diameter in Inches

Ss(allowable) � Shear Stress allowable in the shaft

For commercial steel shafting Ss � 6,000 PSI with a keyway, Ss� 8,000 PSI without keyway

For shaft material purchased under definite specifications

Ss � 30% of the elastic limit but not over 18% of the Ultimate Strength in tension for
shafts without keyways

Ss � 22.5% of the elastic limit but not over 13.5% of the ultimate strength in tension
for shafts with keyways

For stationary shafts with Loads suddenly applied

Kb � Combined shock and fatigue factor applied to bending moment
Kb � 1.5 to 2.0  
Kt � Combined shock and fatigue factor applied to torsional moment
Kt � 1.5 to 2.0   

Mb � Bending Moment Applied to the Shaft in Inch-Pounds

Mt �Torsional Moment of the shaft in Inch-Pounds

TYPICAL STANDARD KEYWAYS - For Reference only - See Gear Specifications that you will use

20357 HUD DAG_rev  9/12/06  4:37 PM  Page 31



Hydraulic Unscrewing Device32 Appendix C – Procedure 2
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Appendix C – Shaft Consideration 
Procedure 2 - Look-up Table M

ethod

Procedure 2 – Look-up Table Method:

Table of Minimum Shaft Diameters using Procedure 1

Assume that the Bending Moment is negligible, therefore Mb�0
Use Kt � 2.0 and Kb � 2.0 for heavy shock
Set the Torsional Moment Mt � [D.1] which is the unscrewing torque for one cavity

_________________
3        32 � [ D.1]     

d � —————————
� � Ss 

S - 7, Rc = 39 to 40 H - 13, Rc = 44 H-13, annealed
Yield Strength = 150,000 PSI Yield Strength at 800F = 138,000 PSI Yield Strength at room temp = 54,000 PSI
Tensile Strength = 180,000 PSI Ultimate Strength at 800F = 171,000 PSI Ultimate Strength room temp = 97,000 PSI
Ss < Y.S. x .225 = 33,750 PSI Ss < Y.S. x .225 = 31,050 PSI Ss < Y.S. x .225 = 12,150 PSI *
Ss < T.S. x .135 = 24,300 PSI * Ss < U.S. x .135 = 23,085 PSI * Ss < U.S. x .135 = 13,095 PSI

Typical Mold applications use an S-7 Hardened Core Material

NOTE: For Commercial Steel Shaft, Ss = 6,000 PSI keyway
Ss = 8,000 PSI without keyway

Also: � = 3.141592654

�
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Appendix D – Table of Standard Gears

Hydraulic Unscrewing Device Appendix D 33

Appendix D – Table of Standard Gears
NOTE: European Modulus m° units are (mm/tooth), m° � ( Pitch Diameter mm)/(# teeth)

U.S.A. Diametral Pitch units are (teeth/inches), 
Diametral Pitch � (# teeth/Pitch Diameter inches)
m° � 25.4 /(U.S.A. Diametral Pitch)

Step 1 – Select the Service Factor of the gears

Service Factor � 1.6 for Heavy Shock for 17-24 Hours of operation �0.4 for grease lubrication of
gears. Therefore, use a service factor of 2.0 total for typical unscrewing mold applications.

• NOTE: Service Factors for gears can be found in manufacturers’ design sections, for use with their
gears. Typically, you have a Service Factor for the type of Load and Operation Time for gears
which ranges from 1.0 for no shock and 8-10 hours of operation per day to 1.6 for heavy shock
and continuous 17-24 Hours per day. You also add a service factor for lubrication, typically,
0.0 for gears in an oil bath, 0.4 for grease, and 0.7 for intermittent lubrication. Service factors,
gear material and speed of the gear operation are used to determine the maximum amount
of torque for proper gear operation.

Step 2 – Determine the maximum Linear Speed of travel for the rack

The longest stroke is 19.68” long. Do not exceed this length in 
less than 1 second� 19.68”/second
Assumption: Maximum travel speed will be limited to 18"/second

Standard Gears - 20 Degree Pressure Angle - 12 Diametral Pitch

* See actual gear manufacturer’s specifications.

NOTE: The Bold Italicized value

in chart above indicates the

common gear size used.

Appendix C – Shaft Consideration 

*
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Appendix E – Example and Calculation Space 
for Maximum # of Cavities

� Integer {Support Length (hydraulic cylinder table) � Cavity/Gear/Design Spacing [G.1] } �1

example: Let’s say [G.1] � 3.1" and use support length of 21.73" for the hydraulic cylinder

NOTE: First compare the Following: [H.2] � cylinder stroke. This condition allows 
enough stroke to completely unscrew the threaded core from the cylinder. If this
condition is false, enter 0 into Col 5, then the next larger cylinder size calculation 
should be made.

Step 1: support length � [G.1]   (NOTE: Col 3 )
21.73 � 3.1 � 7.009677419 

Step 2: Take the Integer of this value (NOTE: Col 4 )
The integer of this � 7 (NOTE: do not round up, just remove the decimal 

value, even if the number was 0.745 then the integer value
becomes 0 )

Step 3: Add 1 to this value
Add 1 to this value � 7�1 � 8 (NOTE: Col 5 )

Step 4: Record this number (complete calculations for all cylinder sizes)
8 is the maximum number of cavities that can be fit on one side of this cylinder

Calculation Area (NOTE: Col 5 is the Max. # of Cavities to be recorded on lines [H.3.1] thru [H.3.8]) 

Piston Dia.
inches (mm)

.984" (25)

.984" (25)

.984" (25)

1.574" (40)

1.574" (40)

1.574" (40)

2.480" (63)

2.480" (63)

Shaft Dia.
inches (mm)

.630" (16)

.630" (16)

.630" (16)

.866" (22)

.866" (22)

.866" (22)

1.417" (36)

1.417" (36)

Stroke
inches (mm)

11.81" (300)

15.74" (400)

19.68" (500)

11.81" (300)

15.74" (400)

19.68" (500)

15.74" (400)

19.68" (500)

Support Length
inches     (mm)

13.85" (352)

17.79" (452)

21.73" (552)

13.85" (352)

17.79" (452)

21.73" (552)

18.46" (469)

22.40" (569)

Cat. Ref.#

ZG-25-300

ZG-25-400

ZG-25-500

ZG-40-300

ZG-40-400

ZG-40-500

ZG-63-400

ZG-63-500

[H.2]  ≤ Stroke
Copy Stroke
[H.2]

11.81"

15.74"

19.68"

11.81"

15.74"

19.68"

15.74"

19.68"

Col 1
Support 
Length
13.85"

17.79"

21.73"

13.85"

17.79"

21.73"

18.46"

22.40"

Col 2
Copy [G.1]
value

Col 3
= Col 1 ÷ Col 2 

Col 4
= Integer of 
Col 3

Col 5
= Col 4 + 1

Cylinder
Catalog #

ZG-25-300
ZG-25-400
ZG-25-500

ZG-40-300
ZG-40-400
ZG-40-500

ZG-63-400
ZG-63-500
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