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DESCRIPTION

The Candy Harmonic Drive
Cup—Type Differential, HDC
series, is & shaft-mounted
transmission typically used
for speed frimming,
tensioning, and position
control. Unlike the HDD
series, the HDC isnot a 111
differemtial. With the control
shaft held a’lmmnary. the HDC
has a built-in gain or draw.
The amount of gain, between
the input and oufput
members s determined

by the control shaft ratio.

When mounted to the end

of 2 machine shaft, the HDC
offers a unique, compact
configuration suitable for both
reirofits and new machine
designs. The HDC may
enhance your competitive
advantage by reducing costly
downtime and material waste
associated with machine
start-ups and changeovers.

PRINCIPLE OF OPERATION

The Candy HDC incorporates a
cup type Harmonic Drive gearset
comprised of three major
components: a circular spling,

a flexspline

and a wave fizxspline g

generator,
The ouler
housing of
the HRC is
connected to
the cireular
spling, the

circular spline

hollow inner
shaft is connected to the flexspline
and the control shaft is keyed to the
bara of the wave genarator.

Figure 1 represents a simplified
view of the torque path thru the
HDC. Assume that the circular
spline is the input, the hollow
inner shaft is the output (these
funetions can be reversad to
achisve a buili-in negative gain),
and the wave generator is
stationary. As the outer housing
(circular spline) rotates, it carrigs
with it the hollow inner shaft
(flexspline). Becauss the flexspline
has two less teeth than the circular
spline; the flexspline will advance
the two toath difference with each
rotation of the circular spline. The
result of this drive arrangement is
a constant buili-in (positive) draw.

The built-in constant draw can
be dynamically increased or
decreased by rotating the control
shaft which has been stationary

TYPICAL APPLICATIONS:

Precisely adjusl tenslon, draw
ar feed with open or closed
loop HOC systems.

Set and maintain precise speed
ratios for infeed stands, chill rolls

and winders.
2

until now. To visualize the effect of
rotating the control shaft, assume
the outer housing (circular spline)
is stationary for the moment as
shown in Figure 2. With each
rotation of the wave generator, the:
flexspline will ratate two testh in a
direction opposite to that of the
wave generator because the
flexspline has two less teeth

than the circular spline. In this
maode, the Harmonic Drive Is
funetioning as a high ratio reducer.

When the concept of Figure 2 is
combined with that of Figure 1,
the resull is a dynamic differential
with exceptionally precise speed
control characteristics.

Figurse 2

Register printing, petfing
and die cutting cylindars with
unmatched accuracy.



' TECHNICAL DATA

CONSTRUCTIOMN:

The HDC uses zero-backlash,
cup-type Harmonic Drive gear
components. The outar housing

is made from light weight anodized
aluminum for superior heat

dissipation and corrosion rasistancs.

The hollow inner shaft and the
control shaft are fabricated from
stainless steel making the HOC
suitable for the harsh environments
typically found in packaging,
printing and converting industries.

VERSATILE INPUT
CONFIGURATION:

The HDC has two possible input
members, the hollow inner shaft
or the outer housing {which also
serves as the gear or pulley pilot).
This makes the HDC exceptionally
versatile in its application,

input through osutput through
holbow shaft outer hoosing
—_—

3 L
£ OR
E . b
A 5
output through ™ imput through
hollow shaft outer housing

It is important to note which
member is being used as the input
when calculating output speeds
and conirol shaft running/holding
torques. See calculation examples
on pages 3 and 4 for more details.

CONTROL SHAFT RATIO!

The HDC is available with several
different control shaft ratios
including; 50:1, 60:1, 80:1, 100:1,
160:1 or 200:1. These ratios define
1the relationship between the control
shaft and the output. The control
shaft ratio also detarmines the
amount of bujlt-in gain or draw. For
instance, the selection of the 100:1
gontrol shaft ratio will provide a 1%
gain or draw between the input and
output housings.

CONTROL SHAFT SPEED
AND DIRECTION OF
ROTATION:

Rotation of the control shaft at a
constant speed will add to or
subtract from the built-in gain of
the HDC. Again, it is important to
note which membker is being used
as the input and in which direction
the control shaft is being rotated.
See calculation examples on pages
3 and 4 for more details.

CONTROL SHAFT
RUNNING/HOLDING
TORQUE:!

Because of the inherently high
efficiency of the Harmonic Drive
gear components, the HDC control
shaft may backdrive. It is therafore
necessary to apply a holding
torgue to the control shafi to
prevent drifting. The calculation

of this running/halding targue

is again dependent an which HDC
membear is being used as the input

PHASE ADJUSTING:

Because the HDC module has a built
in gain or draw, it is typically used as
a tensioning or draw transmission.
The HDC may also be used as a 1:1

phase adjusting
differential, taking
advantage of its
zaro backlash
characteristics.

cantrol
mator

This may be
accomplished in one of three ways.
By applying a constant rotation to
the contral shaft, to match the outer
housing speed, it is possible to
accurately offset the HDC's inlarnal
ratio, making it a 1:71 drive. Another
way is Lo intreduce into the drive
train the reciprocal of the HDC's
internal ratio (see skeich). A third
option is tg attach the housing of

a brake motor (actuated through
slip rings) to the cuter housing of
the differential. The motor shaft is
coupled o the control shaft. All
internal parts of the HDC would
thus rotate at

M .:1 mx.mn‘r the same speed
iy = vt | with the motor
] ;114 _ unenergized,
il o B = idi
S - providing a
== 1:1 drive. When
1001 Cr thE meDI‘ iS

activated, the output will advance
or retard with respect to the input
depending on motor direction.

LUBRICATION:

The HDC is filled and shipped from
the factory with the recommended
lubrication, Lubriplaie SPO-277 gear
oil. All units are shipped with a plug
in place of a vent at the end of the
control shaft. Prior to installation

it is necessary to remove the plug
and insert the provided vent. The
operating temperature of the oil
should not exceed 200°F For

harsh environmenis or severa
applications, please consult

the factory for more information,
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INPUT THROUGH
OCUTER HOUSING:

+ input

Most HDC applications such as
infeeds, draw stations and chill
rall stands use the outer housing
as the input, with the hollow inner
shaft sarving as the output.

A) In this arrangement with the
control shaft held stationary, the
output (inner shaft) will rotate
slightly faster than the input by
the fraction shown in column A,
Table 1.

Example: Assume that the input
rotates at 800 RPM and that the
control shaft ratic is 160:1. With
the contral shaft held stationary,
the output will rotate at:

800 RPM X (161 + 180} = 805 RPM

B} Retating the coritral shaft in the
opposite direction to the input will
advance or increase the speed of
the output. Likewise, rotating the
control shaft in the same direction
as the input-will retard or slow the
output, In either case, the effect of
the control shaft speed on the
output will be:

Change in outpul speed =
Contral Shaft REW = Contral Shaft Ratio

Example: Assurne that the output
(hollow inner shaft} rotates at

805 RFM with a stationary 180:1
cantrol shafi. If the control shaft is
then rotated at 960 RPM, its effect
on the output speed will be:

960 = 160 = = 6 RPM

If the control shaft is rotated in a
direction opposite to that of the
input (outer housing) the output
speed =

805 RPM + 6 RPM = 811 RPM

If the eontrol shaft is rotated in
the same dirsction as the input
the output speed =

805 RPM - 6 RPM = 788 RPM

C) Running and helding torques for
the control shatft can be calculated
with the following formula:

Tes =(T) = (Crx E)

Cantrol Motor Torque= Tcs
System Output Torque=T
Control Shaft Ratio= Cr
Efficiency (Found in Tabls 1)=E




INPUT THROUGH
HOLLOW SHAFT:

If an application requires that the
hollow inner shaft be used as the
input, the outer housing will then
serve as the output and will rotate
slightly slower than the input, with
‘the control shatt stationary.

A) To calculate the output speed,
with the control shaft stationary,
you must use the inverse of the
fraction in column A, Table 1.
Example: Assume that the input
rotates at 800 RPM with a stationary
160:1 control shaft. The output waould
then rotate at:

800 RPM X {180 = 1681} = 785 RPM
B} The effective ratio of the contral
shaft when used for speed trimming
will be ane greater than the stated ratio
in Table 1.
Example: For a stated ratio of 160:1,
the effective ratio will become 161:1
for speed trimming calculations.
C) Rotating the control shaft in the
same direction as the input will
advance or add speed to the output
touter housing). If the control shaft
is rotated in a direction opposite to
that of the input, the output will
then retard or subtract speed from
the outpult.
Example: Assume that the output
housing rotates at 795 RPM with
a stationary 180:1 (stated ratio)
control shaft. If the control shaft is
then rotated at 8960 RPM its effect
on the output will be:

960 RPM = 161 = + 5.96 RPVI
If the control shaft is rotated in the
same direction as the input, the
effect on the output speed =
795 RPM + 5.96 RPM =800.96 RPM

If the control shaft is rotated in

a direction opposite to that of the input,
the output speed would =

795 RPM - 5.96 RPM = 789.04 RPM

D) Running and halding torques for the
control shaft may be calculated using
the following formula:

Tes=T =+ [{Cr+ 1) x E]

Control Maotor Torque = Tes

System Output Torgue =T

Coritrol Shaft Ratio = Cr

Efficiency (found in table 1)=E

conirol shaft

- - adjusting knoh
support & groimding hrachet

CONTROL
SHAFT
RATIO CT
50:1
601
801
A00:1
120:1
18057

A

| _5"1.;.!"50
. B61/60
| 81/80
1010100
121/120
|| 161/160
201/200

CONTROL
SHAFT

[EFFICIENCY

90%
0%
85%
80%
T8%
70%:

TABLE 1 1842 Ly

)




HDC PERFORMANCE INFORMATION

RPM
HDC-SC
50:1 830 600 425 830 6000 14
B0:1 830 620 480/ 830 0 4
80:1 830 620 430 830 6000 4
100:1 940 620 490 1240 6000 14
160:1 940 620 490 1700 6000 14
120011 940 620 490 1580 6000 14
T HDC-11
50:1 1820 1200 950 1830 6000 18
60:1 1830 1245 990 1830 8000 18
80:1 1830 1245 980 1830 6000 18
100:7 1890 1245 950 2640 6000 18
160:1 1990 1245 990 4700 6000 18
200:1 1890 1245 890 4000 16000 18 T
HRC-2M
50:1 2760 2000 1590 2760 5600 2
60:1 2760 2075 1646 12760 5600 22
80:1 2760 2075 1645 2760 5600 22
100:1 3960 2610 20000 4070 15600 22
160:1 3960 2610 2070 7200 5600 22
200:1 3960 2610 2070 6600 5600 22 |

All torqus ratings are In ineh pounds and ars reted at the stated RPV. For housing speads above 2,800 RPM the HDC may
require dynamic balancing. If your application invalves spaeds above 2,800 RPM, please consull the factory when ardering.
* Repetitive momeantary or continuous running load 15 nat 1o exceed Maximum Quiput Torque Rating.
=¥Maxirmun relative RPM (s speed of Control Shail relative to Housing, Sublract the speads if the inpuls are in the same
direction-and sum the speeds if in the opposile direction.

'MOUNTING:

The HDC has a hollow inner shaft
which is machined specifically for
the method of attachment best
suited to each application, 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
shafl to accommodate the bushing.
The shrink-disk

bushing is placed
over the outer
diameter of the
hollow shaft and

the HDC is then
placed over the end of the machine
shaft. By tightening the locking
screws, the bushing clamps down
on the hollow shaft and thus
securing the connection. This
method accommadates larger
journal diameters than the
compression type bushing.

B. Internal
compression type
bushing. The
bushing is

inserted into the bore of the hellow
inner shaft and then the HDC and
bushing are placed over the 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 HDC axially
to the machine. It may also be used
to mount a contrel motor or lecking
knob assembly.

When installing the support
bracket it is imperative that

the HDC assembly is aligned
correctly. Misalignment caused

by improper installation may
damage the differential.

If the mounting methods described
above are not suitable for your
application, please consult

the factory for alternative

mounting suggestions.

Alternative Installation

Configurations

Cartridge Mounting




Radial Load
ORDERING L A (OAL) -
When ordering an HDC, it is i g b K
important to: = ~.— T, M
1. Properly size the HDC unit ~ e s
based on required torque and |
operating speeds. The “E” )
Stop or maximum torque =
condition must be considered 3 i "
when sizing the unit. Cleg Fi - ~ =it =
1
2. Choose the appropriate | S O R
control shaft ratio for the " ’
application. ¥ — —‘R\
3. Select the mounting method ¥ ) I R Drsi
that best suits the application. e ) o i Control Shaft
Decision must include s ug Diameter
machine shaft diameter
and desired bushing style. S mﬁ
SIZE A F* G* H J K L=
HDC-5C | 914 | 550 4000 | 328 2750 | 2362 300 @ 175 1.62 2,65 1.30
HDC-1M | 1056 | 675 5000 | 425 | 3250 | 275 350 219 175 | 324 138
HDCc-2m | 1229 | 7.50 5750 | 525 3750 | 2353  4.00 | 2.37 1.75 4,27 1.64

*Dimensions A, F, G and L refer to the largest bore and shrink-disc bushing size available for each
HDC unit. Please consult the factory for alternative bore sizes and mounting configurations.

SIZE M N P Q QERG.

=

S5** S-BCD 4 1 u

HDc-se¢ 312 | .630 88 | 1772 6009 |

Hpc-im | 312 | 6% | 100 | 1968 | 6010 !
HDCc-2M 312 _.690 125  1.968 6010

.500

825 | k| 5813 88iZBlg | 50

625

% 4.750 \125x.75 Lg. | 440

% 6.625  .188x1.125 Lg. i.ﬁﬂﬂ

Note: All dimensions are in inches and may change desending on mounling configurations.
All dimansions and specifications are subject to change without notice,

** § Sacket Head Cap Serows.

Caution: Rotating equipment must be guarded per OSHA specifications and recommendations.

M e
Candy CAD
HDC Series
Differentials

The HDC series is available
in Auto CAD, DXF

and Personal

Designer formats.

Candy Mfg. Co., Inc.

! p CANDY Phone: (347) 588-2639
‘CONTROLS Fax: (847) 588-0055

email: Candymfgco@aol.com
| www.candycontrols.com

5633 W. Howard St., Niles, IL 60714
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