
HARMO 

1:1 Phase transmissions for precise rotary 
positioning and speed trimming control. 

Low backlash and transmission error provides 
superior positional accuracy in a compact design. 

Reduces costly downtime associated with trial 
and error machine start-ups and changeovers. 



PRINCIPLE OF OPERATION 
The Candy HDD phase shifting 
differential incorporates two 
Harmonic Drive pancake gearsets, 
integrated in a circular 
back-to-back spline 

arrangement to 
offset each 
other's internal 
ratio. Each 
gearset is 
comprised of 

wave 
generator flexspline 

three major elements: a circular 
spline, a flexspline and a wave 
generator. One gearset is attached to 
the hollow inner shaft, while the 
second is connected to the outer 
housing of the HOD. 
Figure 1 represents a simplified 
view of the torque path through 
the first of the two pancake gearsets. 
Assume that the circular spline is 
the input and the wave generator 
is stationary. As the circular spline 
rotates, the flexspline will be 
carried along with it, but because 
the flexspline has two less teeth 
than the circular spline, the 
flexspline will advance the two 
tooth difference with each rotation 
of the circular spline. The gearset~ 
in this arrangement, acts as a slight 
speed increaser with the flexspline 
as its output. 
Next, take an identical pancake 
gearset and place it in a back-to-back 
am!ngement at the output of the 
first gearset. The input of the second 
gearset is its flexspline which is 
connected to the flexspline output 
of the first gearset. The output of 
the second gearset is then the 
circular spline. Its wave generator is 
also stationary. The purpose of the 
second Harmonic Drive gearset is to 
act as a slight speed decreaser 

which will cancel the effects 
of the first gearset, providing 
a 1:1 transmission. 
The control shaft is attached to 
the bore of one wave generator, 
but because the HDD has two 
wave generators, the module has 
the ability to correct for two 
independent variables at the same 
time. Most applications, however, 
require only one correction input. 
To visualize the effect of rotating 
one control shaft, refer to Figure 2. 
Assume that the flexspline is 
stationary. With each rotation of the 
wave generator, the circular spline 
will advance two teeth in the same 
direction as the wave generator 
because the circular spline has two 
more teeth than the flexspline. In 
this mode, the Harmonic Drive is 
functioning as a high ratio reducer. 
When the concept of Figure 2 is 
combined with that of Figure 1, 
the result is a dynamic phase 
shifting differential with precise 
position control characteristics. 

Figure 1 Figure 2 

TYPICAL APPLICATIONS: 

Register printing, perfing 
and die cutting cylinders with 

open or closed loop HDD systems. 

l 
Maintain precise tension, draw 

and feed control with this 
unique shaft-mounted module. 

Adjust lug or flight 
positions for various folding 
and cartoning applications. 
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Position food, beverage and 
pharmaceutical containers for forming, 

filling and sealing applications. 



TECHNICAL DATA 
CONSTRUCTION: 
The HDD differential is designed 
around reliable Harmonic Drive 
gear components. The outer 
housing is anodized aluminum 
for superior heat dissipation and 
corrosion resistance. The hollow 
inner shaft, grounding plate 
and control shaft are fabricated 
from stainless steel making 
the HDD suitable for the harsh 
environments commonly found 
in the packaging, printing 
and converting industries. 

VERSATILE INPUT 
CONFIGURATION: 
The HDD has two possible inputs, 
the hollow inner shaft or the 
outer housing (which also serves 
as the gear or pulley pilot). This 
makes the HDD more versatile than 
traditional line shaft differentials. 

output throug 
hollow shaft 

Two CONTROL 
SHAFTS OPTION: 
As a result of the back-to-back 
internal gear design, the HDD 

OR 

has two possible control shafts. 
The second control shaft, referred 
to as the "grounding plate", is 
concentric with the normally used 
control shaft. One control shaft may 
be driven at a constant rate for 
speed trimming (i.e. changing a 
.--------. repeat length 

without using 
change gears) 
while the other 
control shaft 
may be used for 
precise position 

'----'"----"-'----' adjustment. 
Although the HDD is designed for 
dual control shaft operation, such 
applications are rarely encountered 
in the field. For the majority of 
applications where only one control 
shaft is used, it is necessary to 
ground or secure the second 
control shaft. See illustrations. 

CONTROL SHAFT 
RATIO: 
The differential action or speed 
trimming is achieved by rotating 
the control shaft(s). It is important 
to note that there are four control 
shaft ratios to choose from for 
each HDD size; 81:1, 101:1, 121:1 
and 161: 1. These ratios define the 
relationship between the control 
shaft and the output. For instance, 
with an 81:1 ratio, an operator 
would have to rotate the control 
shaft 81 times to turn the output 
one full revolution ahead of, or 
behind, the primary input. 

CONTROL SHAFT 
DIRECTION OF 
ROTATION: 
Rotating the control shaft in the 
same direction as the input will 
cause the output to advance or 
move ahead of the input. Rotating 
the control shaft in the opposite 
direction as the input will cause 
the output to retard. 

CONTROL SHAFT 
RUNNING/HOLDING 
TORQUE: 
Because of the inherent high 
efficiency of the Harmonic Drive 
gear components, the HDD control 
shaft may backdrive. Therefore, it 
is necessary to apply a holding 
torque to the control shaft to 
maintain a 1 :1 transmission ratio. 
Control shaft holding/running 
torques may be calculated using 
the following formula: 

Tern = T + (Cr x 0.5) 
Control Motor Torque= Tern 
System Torque= T 
Control Shaft Ratio= Cr 
The "E" Stop or maximum torque 
condition must be considered 
when sizing a control motor or 
locking knob to avoid backdriving 
of the control shaft during high 
torque operation. 

Typical Manual Control Shaft Handwheel 
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SPEED 
TR IMMING/TENSIONING: 
Because it is a 1: 1 differential, the 
HDD is most commonly used in 
positioning applications such as 
print-to-print or print-to-cut 
registration control. It is possible 
to use the HDD as a speed trimming 
or tensioning device by applying 
a constant rotation to the 
control shaft. 
Example: Assume that an HDD has 
an input/output speed of 500 RPM 
with the control shaft stationary. 
An operator now finds that the 
application requires a 1% draw at 
the output or an additional 5 RPM. 
For a control shaft ratio of 161:1, 
the control shaft motor will have \\ 
to turn 805 RPM. \ 

5X161=805RPM 
If the control shaft is rotated at 805 
RPM in the same direction as the 
input, the output will then rotate 5 
RPM faster than the input or 505 
RPM. Likewise, if the same 805 RPM 
rotation is applied to the control 
shaft in a direction opposite to the 
input, the output will rotate 5 RPM 
slower than the input or 495 RPM. 

LUBRICATION: 
The Candy HDD is filled and 
shipped from the factory with 
the recommended lubrication, 
Lubriplate SPO-277 gear oil. 
All units are shipped with a plug 
at the end of the control shaft 
to prevent leakage during 
transportation. Before installing 
the HDD, it is necessary to 
remove the plug and install 
the provided vent at the end 
of the control shaft. Operating 
temperature of the oil should 
not exceed 200° F. For harsh 
environments, or severe 
applications, please consult 
the factory for more information. 

DYNAMIC BALANCING: 
HDD applications that require 
housing speeds in excess of 
2,800 RPM may require dynamic 
balancing. Please consult the 
factory for more information. 

acANDY 
~CONTROLS 

visit our website: 
www.candycontrols.com 



Mou NTING/1 NSTALLATION 

MOUNTING: 

The HOD has a hollow inner shaft 
which is machined specifically for 
each application in order to mount 
over the end of the machine shaft. 
To maintain concentricity and for 
superior axial retention, Candy 
recommends one of two 
mounting methods. 

A. External shrink-disk bushing. 
For this configuration, Candy 
must extend the length of the 
hollow inner 
shaft to 
accommodate 
the bushing. 
The shrink-disk 
bushing is placed over the outer 
diameter of the hollow shaft 
and the HOD is then placed 
over the end of the machine • 
shaft. By tightening the locking 
screws, the bushing clamps 
down on the hollow shaft and 
the machine shaft, thus securing 
the connection. 

B. Internal compression type 
bushing. The bushing is inserted 

INSTALLATION: 
The Candy HOD is simple to 
install making this series ideal 
for machine retrofits as well 
as new machine designs. The 
following illustrations may serve 
as a guide for designing phase or 
speed control into your machine. 
1. Remove the existing gear or 

pulley from the machine shaft 
journal or for a new design, 
purchase the appropriate gear 
or pulley. 

2. Open the bore of the gear or 
pulley to fit over the pilot 
diameter (dimension D) on 
the outer housing of the HOD. 
After the bore is opened, add 
mounting holes to the gear or 
pulley in order to secure it to 
the HDD's outer housing. 

3. Mount the remachined gear or 
pulley to HDD's outer housing 
using the tapped holes that 
are provided on each HOD 
unit (dimension W-BCD). 

4. The differential and gear are 
now ready to be mounted on 
the end of the machine shaft. 
Please refer to the previous 
section for preferred 
mounting methods. 

into the bore of the hollow inner 
shaft and then the HOD and 
bushing are 
placed over the ~--- E;;J 
end of the ! 
machine shaft. .. ... 
By tightening 
the locking screws, the bushing 
expands into the hollow shaft 
while at the same time clamps 
down on the machine shaft. 

Candy also recommends the 
use of a suitable support bracket 
secured to the machine frame. 
This bracket serves several 
purposes, the most important 
of which is to secure the HOD 
axially to the machine. The 
bracket may also be used to 
secure the grounding plate 
and a control motor or 
locking knob assembly. 

When installing the support 
bracket it is imperative that 
the HDD assembly is aligned 
correctly. Misalignment caused 
by improper installation may 
damage the differential. 

After the HOD is mounted 
on the machine shaft, it is 
important to secure the unit 
axially with a support bracket. 
Most brackets are simple "L" 
type arms which may be 
anchored to the machine 
side frame. The grounding 
plate of the HOD has six holes 
(dimension Y-BCD), three of 
which are tapped making 
them a suitable attachment 
for the support bracket. 

There is also a machined 
surface around the grounding 
plate that may be used for a 
bearing support assembly. If 
the bracket is secured to the 
bearing assembly, it is still 
necessary to lock down the 
grounding plate if the second 
control shaft is not required. 

The support bracket also serves 
as a mounting device for a 
control motor or locking knob 
assembly. A control motor may 
be coupled directly to the HOD 
control shaft or it may be 
mounted to the bracket above 
or below the differential with a 
timing belt stepping across 
to the control shaft. 
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Configurations 

~ 
Extended Shaft Mounting 

~ 
Thru-Side Mounting 

~ 

,.q; 
2. I:[ 
3• [O 
4. 0 
qtJ-

Candy Manufacturing can 
assist you with conversions 
or new machine designs. 
Our services include: 
• Running torque and inertia 

calculations 
• Providing alternative 

mounting suggestions 
• Machining and mounting 

gears or pulleys 
• Supplying shaft bushings 
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