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FIG. 1 
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60 

DISPOSINGAPOWER SUPPLY WITHINA 
HOUSING TO POWER AN INFUSION 
PUMPSUPPORTED BY THE HOUSING 

DISSIPATING HEAT FROM THE POWER SUPPLY WITHIN THE 64 
HOUSING, THROUGHA HEAT SHIELD DISPOSED WITHIN 
THE HOUSINGADJACENT TO THE POWER SUPPLY AND 

AGAINSTAT LEAST ONE INTERIOR SURFACE OF A HANDLE 
OF THE HOUSING, THROUGHATLEAST ONE FASTENER 
PASSING THROUGHAT LEAST ONE OPENING IN THE 
HOUSING AND IN THERMALLY CONDUCTIVE CONTACT 

WITHATHERMALLY CONDUCTIVE MOUNTING CLAMP, AND 
INTO THETHERMALLY CONDUCTIVE MOUNTING CLAMP 

FIG. 5 
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THERMAL MANAGEMENT SYSTEMAND 
METHOD FOR MEDICAL DEVICES 

FIELD OF THE DISCLOSURE 

0001. The disclosure relates to a system and method for 
providing thermal management in medical devices. 

BACKGROUND OF THE DISCLOSURE 

0002 Medical devices, such as infusion pumps, typically 
generate Substantial heat. Certain medical electrical equip 
ment standards, such as IEC 60601-13" Edition, require the 
temperature of external surfaces of the medical device to not 
exceed specified limits to prevent discomfort to the user. For 
example, IEC 60601-13" Edition requires the temperature of 
touchable molded plastic surfaces of the medical device to be 
60 degrees Celsius or below under certain ambient and use 
conditions. Some conventional approaches to meeting this 
requirement are to place a fan within the housing, or to place 
air vents in one or more outer walls of the housing to dissipate 
the heat generated by the infusion pump circuitry. However, a 
fan requires additional power and air vents may allow fluid to 
enter the housing. 
0003) A safe, efficient, and low cost system and method of 
dissipating heat in a medical device is needed. 

SUMMARY OF THE DISCLOSURE 

0004. In one embodiment of the disclosure, a medical 
device is disclosed. The medical device includes a housing, a 
power Supply, athermally conductive mounting clamp, aheat 
shield, and at least one fastener. The housing includes a 
handle. The power supply is disposed within the housing. The 
thermally conductive mounting clamp is attached to an outer 
surface of the housing. The heat shield is disposed within the 
housing adjacent to the power Supply. The heat shield is 
disposed against at least one interior Surface of the handle. 
The at least one fastener passes through at least one opening 
in the housing and is in thermally conductive contact with the 
thermally conductive mounting clamp. Heat generated by the 
power Supply is configured to dissipate from the power Sup 
ply, through the heat shield, through the at least one fastener, 
and into the thermally conductive mounting clamp. 
0005. In another embodiment of the disclosure, an infu 
sion device for mounting to a pole is disclosed. The infusion 
device includes a housing, a thermally conductive mounting 
clamp, an infusion pump, a power Supply, a heat shield, and at 
least one fastener. The housing includes a handle. The ther 
mally conductive mounting clamp is attached to an outer 
Surface of the housing and is configured to attach to a pole. 
The infusion pump is disposed within the housing. The power 
Supply is disposed within the housing. The heat shield is 
disposed within the housing adjacent to the power Supply. The 
heat shield is disposed against at least one interior Surface of 
the handle. The at least one fastener passes through at least 
one opening in the housing and is in thermally conductive 
contact with the thermally conductive mounting clamp. Heat 
generated by the power Supply is configured to dissipate from 
the power Supply, through the heat shield, through the at least 
one fastener, and into the thermally conductive mounting 
clamp. 
0006. In still another embodiment of the disclosure, a 
method is disclosed of dissipating heat in a medical device. 
Heat is dissipated from a power Supply within a housing, 
through a heat shield disposed within the housing adjacent to 
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the power Supply and against at least one interior Surface of a 
handle of the housing, through at least one fastener passing 
through at least one opening in the housing and in thermally 
conductive contact with a thermally conductive mounting 
clamp, and into the thermally conductive mounting clamp. 
0007. These and other features, aspects and advantages of 
the disclosure will become better understood with reference 
to the following drawings, description and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 illustrates a rear view of one embodiment of 
a medical device; 
0009 FIG. 2 illustrates a perspective cross-section view 
through the medical device of the embodiment of FIG. 1; 
0010 FIG. 3 illustrates a partially disassembled view of 
the perspective cross-section view of FIG. 2; 
0011 FIG. 4A illustrates a temperature versus time graph 
plotting temperature versus time curves which were obtained 
for a medical device identical to the medical device of FIGS. 
1-3 but lacking the heat shield and the thermally conductive 
bracket of the disclosure; 
0012 FIG. 4B illustrates a temperature versus time graph 
plotting temperature versus time curves which were obtained 
for the medical device of FIGS. 1-3 having the heat shield and 
the thermally conductive bracket of the disclosure; and 
0013 FIG. 5 illustrates a flowchart showing one embodi 
ment of a method of dissipating heat in a medical device. 

DETAILED DESCRIPTION OF THE 
DISCLOSURE 

0014. The following detailed description is of the best 
currently contemplated modes of carrying out the disclosure. 
The description is not to be taken in a limiting sense, but is 
made merely for the purpose of illustrating the general prin 
ciples of the disclosure, since the scope of the disclosure is 
best defined by the appended claims. It is noted that the 
Figures are purely for illustrative purposes and are not to 
scale. 

0015 FIG. 1 illustrates a rear view of one embodiment of 
a medical device 10. FIG. 2 illustrates a perspective cross 
section view through the medial device 10 of the embodiment 
of FIG. 1. FIG. 3 illustrates a partially disassembled view of 
the perspective cross-section view of FIG. 2. Collectively, as 
shown in FIGS. 1-3, the medical device 10 comprises a hous 
ing 12, a thermally conductive mounting clamp 14, a power 
supply 16, a heat shield 18, an electrically insulating ther 
mally conductive bracket 20, fasteners 22, and infusion pump 
24 supported by the housing 12. In other embodiments, the 
medical device 10 may comprise varying types of medical 
device unrelated to infusion pumps. 
0016. The housing 12 is made of Polycarbonate/Acryloni 

trile Butadiene Styrene (PC/ABS). In other embodiments, the 
housing 12 may be made of varying materials. The housing 12 
comprises a handle 26 external to the housing 12. The handle 
26 may be gripped by a user to carry the medical device 10. In 
one embodiment the handle 26 is defined at least partially by 
a recess 26.a formed in an outer Surface 12a of the housing 12 
adjacent to its top 12b. The recess 26a is elongated horizon 
tally and is sized, shaped, and located to allow a typical user 
to insert one or more fingers into the recess 26a to move or lift 
the medical device 10. Since the recess 26a is adjacent to the 
top 12b of the housing 12, the user can also use their thumb on 
the top 12b of the housing 12 to improve their grip on the 
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medical device 10. The thermally conductive mounting 
clamp 14 is attached to the outer Surface 12a of the housing 
12. The thermally conductive mounting clamp 14 allows the 
medical device 10 to be clamped to a structure 27 such as a 
pole. The thermally conductive mounting clamp 14 is made of 
aluminum. In other embodiments, the thermally conductive 
mounting clamp 14 may be made of other thermally conduc 
tive materials. The power supply 16 is disposed within the 
housing 12. The power supply 16 supplies power to the infu 
sion pump 24. 
0017. The heat shield 18 is made of aluminum. The heat 
shield 18 is disposed within the housing 12 adjacent but apart 
from the power supply 16. A top portion 18a of the heat shield 
18 comprises a curved, U-shape and is disposed against mul 
tiple interior surfaces 26a, 26b, 26c, and 26d of the handle 26. 
A bottom portion 18b of the heat shield 18 is straight. The 
bottom portion 18b of the heat shield 18 is disposed below the 
handle 26 sandwiched againstand between an interior Surface 
12a of the housing 12 and the electrically insulating thermally 
conductive bracket 20. In other embodiments, the heat shield 
18 may comprise varying shapes, may be made of varying 
thermally conductive materials, and may be disposed against 
any number and configuration of interior Surfaces of the 
handle 26 or housing 12. The electrically insulating thermally 
conductive bracket 20 is made of a ceramic filled nylon. 
Preferably the thermally conductive bracket 20 comprises a 
plastic bracket material such as 299 X 131034 Nylon 6/6 
supplied by RTP Company based out of Winona, Minn. In 
other embodiments, the electrically insulating thermally con 
ductive bracket 20 may be made of varying electrically insu 
lating but thermally conductive materials. 
0018. The fasteners 22 pass through openings 30 in the 
electrically insulating thermally conductive bracket 20, 
through openings 32 in the housing 12, into openings 34 in the 
thermally conductive mounting clamp 14 thereby securing 
the bottom portion 18b of the heat shield 18 between the 
electrically insulating thermally conductive bracket 20 and 
the interior surface 12a of the housing 12. In one embodiment 
at least the openings 34 in the thermally conductive mounting 
clamp 14 are threaded so as to matingly receive threaded 
fasteners 22. The fasteners 22 are in thermally conductive 
contact with the electrically insulating thermally conductive 
bracket 20 and with the mounting clamp 14. The fasteners 22 
do not contact the heat shield 18. The fasteners 22 are made of 
steel. In other embodiments, the fasteners 22 may vary in 
number, may be made of varying thermally conductive mate 
rials, and may vary in configuration. Heat generated by the 
power Supply 16 is configured to dissipate from the power 
supply 16 to the heat shield 18 through at least one of con 
vection or radiation, and from the heat shield 18, through the 
electrically insulating thermally conductive bracket 20, 
through the fasteners 22, and into the thermally conductive 
mounting clamp 14 through conduction. In such manner, heat 
from the power Supply 16 is dissipated using the configura 
tion of the medical device 10 in order to cool the handle 26 to 
meet temperature requirements for the handle 26 of the hous 
ing 12 without requiring vents or a fan within the housing 12. 
0019 FIG. 4A illustrates a temperature versus time graph 
40 plotting temperature versus time curves 42, 44, and 46 
which were obtained for a medical device identical to the 
medical device 10 of FIGS. 1-3 but lacking the heat shield 18 
and the thermally conductive bracket 20 of the disclosure. 
Time is plotted on the X-axis in minutes and temperature is 
plotted on the Y-axis in degrees Celsius. Curve 42 represents 
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the temperature versus time which was obtained, for the 
medical device identical to the medical device 10 of FIGS. 
1-3 but lacking the heat shield 18 and the thermally conduc 
tive bracket 20 of the disclosure, at location 45 on the power 
supply 16 as shown in FIGS. 2 and 3 (although location 45 is 
shown on medical device 10 of the disclosure having the heat 
shield 18 and the thermally conductive bracket 20, the loca 
tion tested in creating curve 42 for the medical device lacking 
the heat shield and the thermally conductive bracket is iden 
tical to location 45). Curve 44 represents the temperature 
versus time which was obtained, for the medical device iden 
tical to the medical device 10 of FIGS. 1-3 but lacking the heat 
shield 18 and the thermally conductive bracket 20 of the 
disclosure, at location 47 on the outer surface 12a of the 
housing 12 as shown in FIG. 1, and more specifically was 
obtained on a rear vertical exterior surface 12c of the recess 
26a that defines the handle 26 (although location 47 is shown 
on medical device 10 of the disclosure having the heat shield 
18 and the thermally conductive bracket 20, the location 
tested in creating curve 44 for the medical device lacking the 
heat shield and the thermally conductive bracket is identical 
to location 47). Curve 46 represents the temperature versus 
time which was obtained, for the medical device identical to 
the medical device 10 of FIGS. 1-3 but lacking the heat shield 
18 and the thermally conductive bracket 20 of the disclosure, 
at location 49 which is the ambient temperature in the labo 
ratory where the medical device 10 was tested as shown in 
FIGS. 1, 2, and 3 (although location 49 is shown on medical 
device 10 of the disclosure having the heat shield 18 and the 
thermally conductive bracket 20, the location tested in creat 
ing curve 46 for the medical device lacking the heat shield and 
the thermally conductive bracket is identical to location 49). 
0020 FIG. 4B illustrates a temperature versus time graph 
47 plotting temperature versus time curves 48, 51, and 53 
which were obtained for the medical device 10 of FIGS 1-3 
having the heat shield 18 and the thermally conductive 
bracket 20 of the disclosure. Time is plotted on the X-axis in 
minutes and temperature is plotted on the Y-axis in degrees 
Celsius. Curve 48 represents the temperature versus time 
which was obtained, for the medical device 10 of FIGS. 1-3 
having the heat shield 18 and the thermally conductive 
bracket 20 of the disclosure, at location 45 on the power 
supply 16 as shown in FIGS. 2 and 3. Curve 51 represents the 
temperature versus time which was obtained, for the medical 
device 10 of FIGS. 1-3 having the heat shield 18 and the 
thermally conductive bracket 20 of the disclosure, at location 
47 on the outer surface 12a of the housing 12 as shown in FIG. 
1, and more specifically obtained on a rear vertical exterior 
surface 12c of the recess 26a that defines the handle 26. A 
comparison of curve 44 of FIG. 4A to curve 51 of FIG. 4B 
demonstrates that the heat shield 18 and the thermally con 
ductive bracket 20 of the medical device 10 of FIGS. 1-3 
helped reduce the temperature obtained at location 47 on the 
outer Surface 12a of the housing 12, and more specifically 
obtained on the rear vertical exterior surface 12c of the recess 
26a that defines the handle 26 as shown in FIG. 1, to a level 
that meets the requirements of the IEC 60601-13 Edition 
standard which requires the temperature of external Surfaces 
of the housing 12 of the medical device 10 to be 60 degrees 
Celsius or below under certain ambient conditions. Curve 53 
represents the temperature versus time which was obtained, 
for the medical device 10 of FIGS. 1-3 having the heat shield 
18 and the thermally conductive bracket 20 of the disclosure, 
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at location 49 which is the ambient temperature in the labo 
ratory where the medical device 10 was tested as shown in 
FIGS. 1, 2, and 3. 
0021. Thus, it can be seen and appreciated by one of ordi 
nary skill in the art that temperature versus time testing of an 
embodiment of a medical device lacking components of the 
present disclosure resulted in a temperature versus time curve 
at location 47 on the outer surface 12a of the housing 12 in or 
near the handle 26 which came close to not meeting the 
requirements of the IEC 60601-13" Edition standard in an 
environment with an ambient temperature of approximately 
25 degrees Celsius. One skilled in the art will appreciate that 
if the environment has an ambient temperature of 40 degrees 
Celsius and the medical device lacks the components of the 
present disclosure, the Surface temperature may exceed the 
standard. Based on this testing, it is apparent that the use of 
the heat shield 18 and the thermally conductive bracket 20 
allows the medical device 10 of FIGS. 1-3 to reduce its 
temperature to easily meet the IEC 60601-13" Edition stan 
dard without the use of vents or a fan to lower the temperature. 
This reduces the power required by the medical device 10 
along with reducing the likelihood that undesired fluid will 
enter the housing 12 of the medical device 10. 
0022 FIG. 5 illustrates a flowchart showing one embodi 
ment of a method 60 of dissipating heat in a medical device. 
The method 60 may utilize any of the embodiments of the 
medical device disclosed herein. In step 62, a power Supply 
disposed within a housing may power an infusion pump Sup 
ported by the housing. In step 64, heat is dissipated from the 
power Supply within the housing, through a heat shield dis 
posed within the housing adjacent to the power Supply and 
against at least one interior Surface of a handle of the housing, 
through at least one fastener passing through at least one 
opening in the housing and in thermally conductive contact 
with a thermally conductive mounting clamp, and into the 
thermally conductive mounting clamp. 
0023. In one embodiment, step 64 may comprise the heat 
generated by the power Supply being dissipated from the 
power Supply to the heat shield through at least one of con 
vection or radiation, and from the heat shield, through an 
electrically insulating thermally conductive bracket disposed 
against the heat shield within the housing, through the at least 
one fastener, and into the thermally conductive mounting 
clamp through conduction. The heat shield may be curved, 
may comprise a U-shape, and may be disposed against mul 
tiple interior surfaces of the handle of the housing. In other 
embodiments, the configuration, shape, materials, and num 
ber of components of the medical device may vary. In still 
other embodiments, any of the steps of the method 60 may be 
altered in substance or in order, may not be followed, or one 
or more additional steps may be added. 
0024. One or more embodiments of the disclosure may 
reduce one or more issues of one or more of the existing 
medical devices by dissipating heat generated by the medical 
device without requiring a fan or vents within the housing of 
the medical device. This may reduce the power required by 
the medical device along with reducing the likelihood that 
undesired fluid will enter the housing of the medical device. 
0025. It should be understood, of course, that the forego 
ing relates to exemplary embodiments of the disclosure and 
that modifications may be made without departing from the 
Scope of the disclosure as set forth in the following claims. 

May 14, 2015 

We claim: 
1. A medical device comprising: 
a housing comprising a handle; 
a power Supply disposed within the housing: 
a thermally conductive mounting clamp attached to an 

outer Surface of the housing: 
a heat shield disposed within the housing adjacent to the 

power Supply, the heat shield disposed against at least 
one interior surface of the handle; and 

at least one fastener passing through at least one opening in 
the housing and in thermally conductive contact with the 
thermally conductive mounting clamp, wherein heat 
generated by the power Supply is configured to dissipate 
from the power Supply, through the heat shield, through 
the at least one fastener, and into the thermally conduc 
tive mounting clamp. 

2. The medical device of claim 1 further comprising an 
infusion pump Supported by the housing. 

3. The medical device of claim 1 wherein the heat shield is 
disposed apart from the power Supply within the housing, and 
the heat generated by the power Supply is configured to dis 
sipate from the power Supply to the heat shield through at 
least one of convection or radiation and from the heat shield, 
through the at least one fastener, and into the thermally con 
ductive mounting clamp through conduction. 

4. The medical device of claim 1 wherein the heat shield is 
curved. 

5. The medical device of claim 1 wherein the heat shield 
comprises a U-shape. 

6. The medical device of claim 1 wherein the heat shield is 
disposed against multiple interior Surfaces of the handle. 

7. The medical device of claim 1 further comprising an 
electrically insulating, thermally conductive bracket disposed 
against the heat shield within the housing, wherein heat gen 
erated by the power Supply is configured to dissipate from the 
power Supply, through the heat shield, through the electrically 
insulating, thermally conductive bracket, through the at least 
one fastener, and into the thermally conductive mounting 
clamp. 

8. The medical device of claim 7 wherein the heat gener 
ated by the power Supply is configured to dissipate from the 
power Supply to the heat shield through at least one of con 
vection or radiation and from the heat shield, through the 
electrically insulating, thermally conductive bracket, through 
the at least one fastener, and into the thermally conductive 
mounting clamp through conduction. 

9. An infusion device for mounting to a pole comprising: 
a housing comprising a handle; 
a thermally conductive mounting clamp attached to an 

outer Surface of the housing and configured to attach to 
a pole; 

an infusion pump disposed within the housing: 
a power Supply disposed within the housing: 
a heat shield disposed within the housing adjacent to the 

power Supply, the heat shield disposed against at least 
one interior surface of the handle; and 

at least one fastener passing through at least one opening in 
the housing and in thermally conductive contact with the 
thermally conductive mounting clamp, wherein heat 
generated by the power Supply is configured to dissipate 
from the power Supply, through the heat shield, through 
the at least one fastener, and into the thermally conduc 
tive mounting clamp. 
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10. The infusion device of claim 9 wherein the heat shield 
is disposed apart from the power Supply within the housing, 
and the heat generated by the power Supply is configured to 
dissipate from the power supply to the heat shield through at 
least one of convection or radiation and from the heat shield, 
through the at least one fastener, and into the thermally con 
ductive mounting clamp through conduction. 

11. The infusion device of claim 9 wherein the heat shield 
is curved. 

12. The infusion device of claim 9 wherein the heat shield 
comprises a U-shape. 

13. The infusion device of claim 9 further comprising an 
electrically insulating, thermally conductive bracket disposed 
against the heat shield within the housing, wherein heat gen 
erated by the power Supply is configured to dissipate from the 
power Supply, through the heat shield, through the electrically 
insulating, thermally conductive bracket, through the at least 
one fastener, and into the thermally conductive mounting 
clamp. 

14. The infusion device of claim 13 wherein the heat gen 
erated by the power Supply is configured to dissipate from the 
power Supply to the heat shield through at least one of con 
vection or radiation and from the heat shield, through the 
electrically insulating, thermally conductive bracket, through 
the at least one fastener, and into the thermally conductive 
mounting clamp through conduction. 

15. A method of dissipating heat in a medical device com 
prising: 

dissipating heat from a power Supply within a housing, 
through a heat shield disposed within the housing adja 

May 14, 2015 

cent to the power Supply and against at least one interior 
Surface of a handle of the housing, through at least one 
fastener passing through at least one opening in the 
housing and in thermally conductive contact with ather 
mally conductive mounting clamp, and into the ther 
mally conductive mounting clamp. 

16. The method of claim 15 further comprising the power 
Supply powering an infusion pump Supported by the housing. 

17. The method of claim 15 further comprising the heat 
generated by the power Supply dissipating from the power 
Supply to the heat shield through at least one of convection or 
radiation and from the heat shield, through the at least one 
fastener, and into the thermally conductive mounting clamp 
through conduction. 

18. The method of claim 15 wherein the heat shield is 
disposed against multiple interior Surfaces of the handle. 

19. The method of claim 15 further comprising the heat 
generated by the power Supply dissipating from the power 
Supply, through the heat shield, through an electrically insu 
lating, thermally conductive bracket disposed against the heat 
shield within the housing, through the at least one fastener, 
and into the thermally conductive mounting clamp. 

20. The method of claim 19 further comprising the heat 
generated by the power Supply dissipating from the power 
Supply to the heat shield through at least one of convection or 
radiation and from the heat shield, through the electrically 
insulating, thermally conductive bracket, through the at least 
one fastener, and into the thermally conductive mounting 
clamp through conduction. 

k k k k k 


