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Revision History  

V ersion  A uthors  D ate  D escription  

1.00 C. Leibbrandt 28/07/2023 First release 

1.01 C. Mailer 27/02/2025 Common ICD changes and improvements. 

1.02 C. Mailer 19/06/2025 Updated mounting hole ‘H’ thread depth and provided additional 
mounting details in section 4.2. 

1.03 C. Mailer 24/11/2025 Update to harness section 3.4, correction to Figure 6, added detail in 
Figure 4, addition of functional interface section, parameter updates 
based on manufacture data, removed CR0003 and CR0008 variants. 

 

Reference Documents  

The following documents are referenced in this document. 
[RD1] CS-DEV.PD.CR-01 CubeTorquer Product Description Ver.2.00 or later 
[RD2] CS-DEV.UM.CR-01 CubeTorquer User Manual Ver.2.00 or later 
[RD3] CS-DEV.ETP.CA-01 Generic Environmental Test Plan Ver.1.05 or later 
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List of Acronyms/Abbreviations  

ADCS Attitude Determination and Control System 

AWG American Wire Gauge 

CFRP Carbon Fiber Reinforced Polymer 

CoM Centre of Mass 

CVCM Collected Volatile Condensable Material 

EM Engineering Model 

EMC Electromagnetic Compatibility 

EMI Electromagnetic Interference 

FM Flight Model 

FSR Full Scale Range 

GSE Ground Support Equipment 

ICD Interface Control Document 

MoI Moment of Inertia 

MTQ Magnetorquer 

OBC On-board Computer 

PCB Printed Circuit Board 

PTFE Polytetrafluoroethylene 

PWM 
TML 

Pulse Width Modulation 
Total Mass Loss 
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1. Introduction  

The purpose of this document is to provide information on how to correctly interface with the NanoSat 
CubeTorquer range. This includes functional characteristics, power requirements, mechanical mounting and 
axes definitions, as well as guidelines on EMI/EMC compatibility. It is assumed that the reader is already 
familiar with the relevant product description document [RD1]. Details regarding usage and testing [RD2], 
environmental qualification [RD3], and a declared materials list, are available to clients upon request. 
 

 

CubeSpace cannot guarantee nominal operation of CubeTorquer if the specifications 
provided in this document are not adhered to. 

 
This ICD applies to the CubeTorquer hardware versions described in Table 1. 

Table 1: Document Applicability 

Variant  Version  Notes  

CR0002 M2.0E1.0, M2.1E1.0 M2.0E1.0: Alodine conversion coating (gold colour) 
M2.1E1.0: SurTec 650 conversion coating (silver colour) 

CR0004 

CR0006 

CR0010 

CR0012 

CR0020 
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2.  Functional Interface  

2.1 Magnetic Dipole 
The primary function of CubeTorquer is to produce a magnetic dipole. CubeTorquer is designed to produce 
the rated dipole moment in Table 2 within its linear region at the rated supply voltage as specified in Table 3. 

Table 2: Magnetic Model Parameters 

Variant  Rated  Dipole 1 Magnetic Gain  Linear Dipole Range 2  Linearity Error  Residual Dipole  

CR0002 0.2 Am2 2.3 Am2/A <0.3 Am2 

<2.0% of FSR <0.1% of FSR 

CR0004 0.4 Am2 3.3 Am2/A <0.7 Am2 

CR0006 0.6 Am2 5.6 Am2/A <1.4 Am2 

CR0010 1.0 Am2 7.6 Am2/A <1.6 Am2 

CR0012 1.2 Am2 10.1 Am2/A <2.9 Am2 

CR0020 2.0 Am2 13.9 Am2/A <4.0 Am2 

Within the linear region the magnetic dipole is linearly proportional to the supply current and may be 
calculated using the magnetic gain parameter in Table 2, subject to the specified linearity error. When the 
magnetic dipole exceeds the specified maximum linear dipole range, the core becomes magnetically 
saturated, and the magnetic gain parameter is no longer constant as shown in Figure 1. CubeTorquer is 
designed to operate within the linear region. 

 

Figure 1: Magnetic dipole moment as a function of CubeTorquer supply current 

2.2 Field Direction 
The internal magnetic field generated by a positive supply voltage is oriented along the positive Z-axis, as 
defined in Section 4.4. Reversing the supply polarity will reverse the magnetic field direction. The positive 
dipole direction is also marked on the CubeTorquer bracket as shown in Figure 4. 

 
1 At rated voltage and 20°C, or nominal current 
2 Based on a 5% linearity limit 
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3.  Electrical Interface  

3.1 Electrical Model 
CubeTorquer can be modelled as a resistor and inductor connected in series, as shown in Figure 2. As 
expected for an R-L series combination, a CubeTorquer has a response time constant 𝜏 =  𝐿/𝑅. 

 

Figure 2: CubeTorquer Simplified Electrical Model 

The Resistance (R) and Inductance (L) values for the NanoSat CubeTorquer range are provided in Table 3. 

Table 3: Electrical Model Parameters 

Variant  Rated Voltage  Nomi nal Current  Resistance @ 20° C  Inductance  Time Constant  

CR0002 5V 98 mA 51.0 Ω ±5% 120 mH ±20% 2 ms 

CR0004 127 mA 39.5 Ω ±5% 180 mH ±20% 5 ms 

CR0006 111 mA 45.0 Ω ±5% 270 mH ±20% 6 ms 

CR0010 133 mA 37.5 Ω ±5% 310 mH ±20% 8 ms 

CR0012 137 mA 36.5 Ω ±5% 233 mH ±20% 6 ms 

CR0020 154 mA 32.5 Ω ±5% 260 mH ±20% 8 ms 

 
The CubeTorquer nominal resistance at 20°C (𝑅20℃) varies with the interface temperature (𝑇) according to the 
following equation. Note that with a constant supply voltage, the current, power consumption, and resulting 
dipole moment will vary accordingly. 

𝑅 = 𝑅20℃(1 + 0.0039(𝑇 − 20℃)) 

3.2 Power Interface 
CubeTorquers are primarily used for stabilising a satellite during detumbling, and for desaturating the 
reaction wheels of their stored angular momentum during regular satellite operations. During detumbling the 
CubeTorquers are often driven at maximum duty cycle of 80%, whereas for desaturating reaction wheels 
during regular operations the duty cycle is typically less than 10%. Table 4 gives the peak power consumption 
of a single CubeTorquer variant at these typical duty cycles. 
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Table 4: Typical Power Consumption 

Variant  Supply Voltage  Average Power for 10%  on -time  Average Power for 80%  on -tim e  

CR0002 5V 49 mW 392 mW 

CR0004 63 mW 506 mW 

CR0006 56 mW 444 mW 

CR0010 67 mW 533 mW 

CR0012 68 mW 548 mW 

CR0020 77 mW 615 mW 

The values in Table 4 are indicative and exclude local DC-DC regulation and harness losses and will vary 
with temperature of CubeTorquer. The CubeSpace ADCS limits CubeTorquer actuation to 80% of the control 
loop to allow undisturbed sampling of magnetometers. 

3.2.1 Power and Signal Ground 
CubeTorquer does not have separate power and signal ground. The windings are electrically isolated from 
the chassis. 

3.3 Header Pinout and Electrical Characteristics 
All CubeTorquer NanoSat variants share a common header connector, shown in Figure 3 with details in Table 
5. 

 

Figure 3: CubeTorquer Header and Pin Numbering 

Pin 1 on the header is additionally designated with a triangular symbol, and the pin numbering sequence is 
also specified in the header technical documentation. 

Table 5: Header Part Details 

Part  Description  Part Number  

Header Molex Pico-Lock, Single Row 5037630291 

Mating Housing Molex Pico-Lock, Single Row, Receptable Crimp Housing 5037640201 

Housing Terminal Molex Pico-Lock, Female Crimp Terminal 5037650098 

Table 6: Header Pinout and Electrical Characteristics 

Pin #  Pin Name  Pin Description  IO Type  Voltage R ange  

1 V+ Positive Supply Input 0 – 5V 

2 V- Negative Supply Input 0 – 5V 
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3.4 Harness Details 
CubeSpace supplies both GSE test harnesses and FM harnesses. The FM harnesses have a PTFE insulation 
which is low-outgassing, safe for space-flight and vacuum operations. General harness details are provided 
in Table 7 below. 

Table 7: Harness Details 

Harness  No. Wires  
Wire Gauge 

[AWG]  
Wire Mass [g/m]  

Terminal Mass 
[mg]  

Housing Mass 
[mg]  

FM Pigtail 2 28 1.4 35 138 

 

 

 

The Molex Pico-Lock 1.00mm Pitch connectors are rated for a maximum of thirty (30) 
mating cycles only. Care must be taken with flight harnesses to not exceed this 
threshold. Please contact CubeSpace to order additional harnesses if required. 

 

 

During satellite assembly and integration, take note of the minimum bending radius 
of the harnesses of 16mm. This was determined by referring to IPC-610-A. 

 

 

CubeSpace GSE test harnesses with all-black insulation, or without twisted pairs and 
braiding, are not safe for spaceflight or for use in a vacuum. 
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4.  Mechanical Interface  

CubeTorquer consists of two aluminium (6082-T6) mounting brackets, surface treated with SurTec 650 
conversion coating, on either end of an alloy core and wound coil, protected by acrylic polyimide tape. All 
materials are low outgassing with TML < 1% and CVCM < 0.1%. 
 

 

The dimensions given in this chapter are indicative only. The mechanical CAD files 
with the latest dimensions are supplied to customers and must be used for final 

design and fitment verification. 

 

Each mounting bracket has a screw for permanently securing it onto the wound core. 
Do not loosen or remove this screw. 

 

4.1 Outer Dimensions 
The physical size and mounting points for the CubeTorquer variants are given in Table 8. The dimensions 
provided in Table 8 refer to symbols in Figure 4. 

 

Figure 4: Indicative Dimensions of CubeTorquer 
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Table 8: CubeTorquer Dimensions 

Variant  A  B  C  D  E  F  G  H  J  

CR0002 47.0 45.0±0.2 10.5±0.1 4.0 41.0±0.1 1.75±0.05 M1.6X0.35 
4.0 DEEP ON 
BOTH SIDES 

3.60±0.05 
 

M1.6X0.35 
3.0 DEEP CR0004 59.0 57.0±0.2 53.0±0.1 

CR0006 77.0 75.0±0.2 71.0±0.1 

CR0010 92.0 90.0±0.2 86.0±0.15 

CR0012 122.0 120.0±0.3 13.0±0.1 5.0 115.0±0.2 4.8±0.05 

CR0020 152.0 150.0±0.3 145.0±0.2 

Note: All dimensions in Table 8 are in millimetres [mm]. 

4.2 Mounting Definition 
A CubeTorquer can be mounted on one of three faces on its bracket, using mounting holes ‘G’ or ‘J’. Each 
bracket has an identical mounting hole configuration, and both brackets must be secured using at least one 
of the mounting holes. For hole specifications, refer to Figure 4 and Table 8. The recommended fastening 
torque into the aluminium bracket is approximately 0.13 Nm. 
A CubeTorquer should always be mounted to a rigid and flat surface, far from any magnetometers or other 
components which are sensitive to the magnetic field produced by a CubeTorquer. 
Placement and arrangement of CubeTorquers within the satellite should be carefully considered to ensure 
that neighbouring CubeTorquers do not crosstalk. Figure 5 indicates some valid and invalid placement options 
of two CubeTorquers with respect to one another. Each combination of two CubeTorquers within the set of 
three must adhere to these placement rules. 

 

Figure 5: CubeTorquer Recommended Placement 

4.3 Mass, CoM and Inertia 
The position of the centre of mass (CoM) is shown in Figure 6, with the labelled dimensions given in Table 9. 
The moments of inertia (MoI) of CubeTorquer about its CoM are also presented in Table 9. 
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Figure 6: CubeTorquer CoM Position 

Table 9: CubeTorquer Mass, CoM and Inertia Parameters3 

Variant  Mass [g] 4  X CG  [mm]  Y CG  [mm]  Z CG  [mm]  IXX  [g ·mm 2 ] IYY  [g ·mm 2 ] IZZ  [g ·mm 2 ] 

CR0002 16 ±5% 5.19 5.26 22.04 2.89E+03 2.87E+03 1.70E+02 

CR0004 23 ±5% 5.21 5.26 28.08 6.24E+03 6.24E+03 2.15E+02 

CR0006 31 ±5% 5.22 5.25 37.11 1.49E+04 1.49E+04 3.01E+02 

CR0010 37 ±5% 5.22 5.52 44.61 2.56E+04 2.56E+04 3.21E+02 

CR0012 45 ±5% 6.47 6.52 59.57 6.03E+04 6.03E+04 4.15E+02 

CR0020 54 ±5% 6.47 6.52 74.55 1.12E+05 1.12E+05 4.62E+02 

 

4.4 Coordinate System Definition 
The CubeTorquer coordinate system definition is shown in Figure 7. The internal magnetic field generated by 
a positive supply voltage is oriented along the positive Z-axis. 

 

Figure 7: CubeTorquer Coordinate System Definition 

 
3 CoM and MoI are CAD computed properties. 
4 Mass of CubeTorquer only, excluding harness. 
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5.  EMI/EMC  

5.1 EMI/EMC Cleanliness 
When actuated, a CubeTorquer generates a strong magnetic field which may interfere with magnetically 
sensitive components, such as magnetometers, and can magnetise nearby ferromagnetic materials. This 
electromagnetic interference (EMI) is most pronounced during active pulses and is established or decays at a 
rate determined by the inductance and time constant of the CubeTorquer. 
In the CubeSpace ADCS, CubeTorquers are driven by a 1 Hz control loop with the on-time of each 
CubeTorquer limited to 80% of the 1s cycle. Magnetometer sampling occurs between pulses, after the 
magnetic field has decayed, to minimize interference. Similarly, to reduce EMI effects, avoid simultaneous 
operation of CubeTorquer with magnetically sensitive components and position the CubeTorquer as far as 
practical from these elements. 
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