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ABSTRACT 

Chandrayaan-3 mission carrying a six wheeled rover was 
aimed for soft landing near the Lunar South pole to 
conduct scientific exploration. The rover was secured to 
the lander through Hold Down Release Mechanism 
(HDRM) which, provided structural load path, thermal 
conduction, electrical umbilical connection, and payload 
restraint. This paper provides issues revealed during 
assembly and testing activities and their mitigations, such 
as snubber failure due to amplified vibrations, clearance 
issues in the differential mechanism hindering rover 
release and short circuit caused by threaded insert length. 
The paper also provides design and assembly techniques 
employed for a Frangi actuator based HDRM. In August-
2023 the rover rolled down on to the Lunar surface with 
all the design modifications implemented. 

1 INTRODUCTION 

Chandrayaan-3 had two modules: Propulsion Module 
(PM) and Lander Module (LM) which were stacked 
during launch as shown in Fig. 1. A six wheeled rover 
was carried inside the LM as shown in Fig. 2. The PM 
inserted LM in an orbit around the moon and 
subsequently, LM soft landed near the South pole of 
Moon on 23rd August 2023. The rover was then deployed 
on to the surface to carry out scientific experiments. After 
traversing approximately 100 m and collecting 
significant data, the rover was put into sleep mode on 4th 
September 2023.  

Fig. 3(a) and (b) depict the rover positioned within a 
cavity formed by top, bottom, shear and ramp panels on 
Yaw side of the LM. The ramp consists of two panels –a 
primary and a secondary –that deploy to create an 
inclined surface from LM to the Lunar terrain enabling 
the rover to roll down safely. A Frangi actuator based 
Hold Down Release Mechanism (HDRM) secures the 
rover chassis to the primary panel at three points: one at 
the front and two at the rear. Each wheel is constrained 
between a pop up mechanism on the ramp and a wheel 
support bracket fixed to the LM’s shear panel. The ramp 
deployment is facilitated by motorised primary and 
secondary hinge mechanisms.  

 

Figure 1. Chandrayaan-3 Modules 

 
Figure 2. Location of Rover Inside Lander Module  



 

Fig. 3(c) shows the rover configuration post-ramp 
deployment where the wheels are freed from the support 
brackets. The three HDRM units also provide thermal 
and electrical functions between LM and rover until 
release. These brackets are provided with heaters to 
maintain the rover’s temperature from launch through 
ramp deployment. Electrical contacts embedded in the 
HDRM serve as umbilical connection for rover 
commanding and health monitoring.  

Release sequence is initiated by commanding the Frangi 
actuators to sever the preloaded notched bolts in a 
predefined order, starting with rear right HDRM unit. 
After releasing the front HDRM, compression springs in 
the pop-up mechanisms push the rover upwards at all six 
wheels, creating sufficient gap at the separation plane. 
Contact switches on both lander and rover sides of the 
HDRM units confirm successful separation. Upon 
confirmation, the rover is commanded to roll down the 
ramp.  

Fig. 3(d) illustrates the HDRM brackets attached to 
primary panel alongside the pop-up mechanisms, as well 
as the rover rolled down and positioned on the secondary 
panel. The following section provides detailed 
description of rover mechanisms, followed by a section 
on mitigations employed based on the observations 
during the assembly and test activities. 

 
Figure 3. (a)&(b) Configuration of Stowed Rover (c) 
After Ramp Deployment and (d) After Rover Release  

2 ROVER MECHANISMS 

Fig. 4 illustrates six wheeled rover architecture, 
highlighting its key assemblies. The rover uses a rocker-
bogie mechanism and a bevel gear based differential 
mechanism to navigate uneven terrain effectively. Each 
wheel is driven by a Brushless DC (BLDC) motor 
integrated with dust seal and bearings. Differential 
speeds are applied to the right and left wheels to enable 
skid steering. 

The rover is equipped with two scientific instruments: 
Alpha Particle X-ray Spectrometer (APXS) and Laser 
Induced Breakdown Spectroscope (LIBS). During 
exploration, the rover is navigated towards the target site 
and parked to conduct experiments. The APXS 
instrument must be positioned close to the ground during 
operations and retracted to avoid obstacles during 
mobility. A novel method combines the APXS 
mechanism HDRM with the rover’s front HDRM, 
ensuring that releasing the front HDRM simultaneously 
frees the APXS instrument. The power for rover is 
generated through a deployable solar panel which also 
carries transmitter and receiver antenna on top. 

 
Figure 4. Rover Mechanisms 

2.1 Hold Down Release Mechanism Overview 

The HDRM employs a cup and cone arrangement to 
provide preload between the brackets attached to the 
rover and lander. Preload is applied using a notched bolt 
that is severed when a shape memory alloy-based Frangi 
actuator expands upon heating. During ground assembly 
and testing, preload is monitored via a strain gauge–
based load washer. The severed bolt fragments are 
contained by top and bottom stopper brackets.  

Fig. 5(a) and 5(b) illustrate the HDRM in stowed and 
released configurations, respectively. Electrical contact 
details are shown in Fig. 5(c) and 5(d). Electrical 
connectivity is established using flexible, cold-plated 



 

beryllium copper sheets, forming four contact leaves 
mounted on a Delrin contact holder that provides 
electrical insulation. These leaves interface with contact 
pads on a custom-designed printed circuit board (PCB). 
Of the four contact leaves, two carry electrical signals 
and connect to a single contact pad, while the remaining 
two leaves are shorted through a double contact pad in 
the stowed state. Upon separation, all four contact leaves 
disengage from their respective pads. The open circuit 
condition of the leaves formerly shorted through the 
double pad is used to confirm rover release from the 
lander. In total, eight contact points exist: four dedicated 
to signals and commands. Each hold-down point carries 
four signal lines, totalling twelve lines between the rover 
and lander. These contacts provide both primary and 
redundant pathways for rover telemetry and tele-
command lines. 

 
Figure 5. Details of a Typical Rover HDRM 

The front HDRM additionally serves as a load path to the 
APXS payload. Fig. 6 presents the schematic of this 
mechanism showing APXS bracket sandwiched between 
rover and lander side brackets. 

 
Figure 6. Schematic of Front HDRM 

2.2 Wheel Preload and Restraint Mechanism 

Fig. 7 illustrates the preload and constraining 
methodology applied to the rover wheels. Preload is 
applied in the Z-direction via two snubbers bonded to the 
wheel support bracket. This preload is monitored using 
strain gauges mounted at the base of the bracket to ensure 
accurate force measurement. A V-block arrangement at 
the wheel rim provides restraint in the X-direction, while 
the wheel rim is seated within a groove to constrain 
movement along the Y-direction. A small positive 
clearance is maintained at the base of each HDRM unit 
to ensure proper seating of the wheels during rover 
assembly onto the primary panel. 

 
Figure 7. Wheel Preloading Mechanism 

Each pop-up mechanism includes four compression 
springs, which remain compressed until all HDRMs are 
released (Fig. 8(a)). Upon release, these springs push the 

 
Figure 8. Rover Release from Primary Panel 



 

rover upward, creating a 10mm gap at the HDRM 
separation plane (Fig. 8(b)). This clearance is essential 
for the safe passage of the rover when it begins forward 
movement. 

2.3 Rocker-bogie and Differential Mechanism 

The rocker-bogie mechanism on each side of the rover 
ensures that all wheels maintain contact with uneven 
terrain. To synchronize the motion of the right and left 
rocker arms, a differential mechanism is employed. As 
illustrated in Fig. 9, the rocker arms are connected to a 
shaft terminating in a bevel gear on each side of the 
gearbox. These bevel gears mesh with two idler bevel 
gears, which are fixed to a housing mounted on the rover 
chassis. The figure also presents a schematic depicting 
the motion reversal between the rocker arms, enabling 
balanced articulation and stable traversal over rough 
surfaces. 

 
Figure 9. Schematic of Differential Mechanism 

3 OBSERVATIONS DURING ASSEMBLY AND 
TESTING ACTIVITIES 

An Engineering Model (EM), a Qualification Model 
(QM), and a Flight Model (FM) underwent extensive 
testing alongside various subassembly models tailored 
for specific test scenarios. The EM was primarily utilized 
for mobility and hold-down release evaluations. The QM, 
on the other hand, was subjected to comprehensive 
vibration, thermo-vacuum, and mobility tests on a 
simulated lunar terrain using lunar soil simulant. 

Subsequently, the rover was integrated onto a lander QM, 
which underwent vibration and acoustic testing. 
Following these dynamic tests, ramp and rover 
deployment were conducted to validate operational 
performance. The rover was then reassembled on the 
lander for drop testing, simulating touchdown velocities, 
after which rover release and performance tests were 
executed. Finally, mobility tests were conducted to 
validate rover performance on a simulated soil terrain 
with balloon-based reduced gravity compensation. The 
QM demonstrated robust resilience under extreme testing 
conditions. The Flight Model underwent unit-level 
vibration and thermo-vacuum tests, followed by dynamic 
tests at the lander level. The challenges encountered 
during qualification testing are detailed in the subsequent 
sections. 

3.1 Vibration Testing and Snubber Failure  

The initial test conducted on the rover was vibration 
testing at qualification-level inputs. Fig. 10 depicts the 
rover mounted on a vibration fixture designed to simulate 
the primary panel. Shear panel interfaces were replicated 
using vertical brackets of the fixture. During the first in-
plane axis vibration test, failure of the snubbers and 
dislocation of wheels from their grooves were observed. 

 
Figure 10. Rover QM on Vibration Table 

Upon inspection, it was determined that the hollow 
snubbers had sheared, resulting in a loss of preload that 
allowed the wheels to disengage from the grooves (Fig. 
11). Initially, the wheels were preloaded using two 
hollow snubbers applying a downward force of 50 N. 
These snubbers were characterized for the required 
deflection at this load, and the assembly maintained this 
deflection. Subsequent improvised analysis revealed that 
a wheel preload of approximately 250 N was necessary 
to prevent wheel dislocation during vibration. To address 
this, the groove depth was increased, and hollow 
snubbers were replaced with solid snubbers capable of 
sustaining higher loads. Since the brackets become 
inaccessible once the rover is integrated into the LM, 
strain gauges were installed at the bracket roots. These 
gauges were calibrated in advance to correlate strain 
readings with applied load. 

 
Figure 11. Snubber failure and Wheel Dislocation 

Following these modifications, the rover successfully 
passed qualification-level vibration tests along all three 
axes. The QM rover was mounted on the LM ramp panel 
with required preload at all the wheel locations. No 
recurrence of the initial failure mode was observed 
during LM dynamic and drop testing. 



 

3.2 Rover Release and Differential Backlash Issue 

The rover release sequence initiates with the activation of 
the rear Frangi actuators. The pop-up mechanisms on the 
rear wheels partially actuate to create a gap at the rear 
HDRM separation points (Fig. 12(a)). Subsequently, the 
front Frangi actuator is fired to complete the rover’s 
release from the primary panel, with the pop-up 
mechanisms pushing the rover upward to maintain the 
necessary clearance. 

 
Figure 12. HDRM Release Sequence 

During initial rover release tests on the primary panel, a 
non-nominal gap was observed at the HDRM locations. 
As illustrated in Fig. 12(b), the gap at the two rear HDRM 
units was reduced, while the front HDRM had gap 
increased. Root-cause analysis identified cumulative 
clearances within the differential mechanism as the 
source of these irregular gaps. To quantify backlash, 
incremental loads were applied to each side of the 
chassis, and the resulting chassis inclination angles were 
recorded (Fig. 13). A backlash of 3° was measured, 
causing the rover to tilt backward. 

 
Figure 13. Backlash Measurement 

The differential mechanism, comprising a bevel gear 
assembly coupled with shafts connecting the rocker-
bogie, maintains the rover chassis in a horizontal 

orientation. A detailed inspection revealed clearance at 
the rocker shaft connection to the rocker pivot and bevel 
gear. Design modifications introduced set screws at these 
critical locations, reducing the overall backlash from 3° 
to 0.3° and significantly improving chassis stability 
during release. 

3.3 Umbilical Connection Integrity 

The HDRM bases also functioned as housings for the 
umbilical connections between the rover and lander. 
During initial electrical verification at the lander-level 
testing, a short circuit was detected within the signal 
lines. Detailed terminal-level testing identified the cause 
as a short circuit between the signal wires and the holding 
screws. Further inspection revealed that the wire thread 
inserts on the contact leaf connecting screws were 
making unintended contact with the holder fixing screws 
at both ends (see Fig. 14). 

 
Figure 14. Umbilical Contact Short-circuiting 

To resolve this issue, the screw engagement lengths were 
adjusted to provide sufficient clearance between the 
screw tapping holes, thereby preventing electrical shorts 
and ensuring reliable signal integrity. 

3.4 Cup and Cone HDRM: Design and Assembly 

The cup and cone arrangement provides a wedging action 
that converts in plane load into out of plane load, which 
is managed through the application of preload. Tight 
manufacturing tolerances on the cup and cone 
components ensure that the inclined surfaces maintain 
contact during assembly. However, these tolerances may 
allow a gap to form at the bottom mating surfaces.  

It has been observed that the Frangi actuator-based hold-
down system is highly sensitive to any such gap between 
the mating parts. If present, this gap can absorb the 
actuator’s expansion without effectively transmitting the 
force to the hold-down bolt, potentially resulting in 
failure to sever the bolt during release. The final cup and 
cone design implemented in this system is illustrated in 
Fig. 15. Notably, the radial clearance at the bolt interface 



 

is intentionally larger than at the cup and cone interface. 
This design choice prevents the in-plane load from being 
transferred through the notched bolt, thereby reducing the 
risk of inadvertent bolt failure. To validate this design, a 
unit-level test was performed on the HDRM, where a 
calculated in-plane load was applied (see Fig. 16). The 
release test successfully demonstrated the effectiveness 
of the cup and cone design under operational loading 
conditions. 

 
Figure 15. Cup and Cone arrangement 

 
Figure 16. Lateral Load Testing 

In a standard assembly procedure, the rover-side bracket 
is mounted to the rover chassis, while the lander-side 
bracket is attached to the primary panel. Initially, the 
rover is positioned onto the primary panel. Once the 
brackets are aligned and seated within the cup and cone 
interface, the hold-down bolts and actuators are installed, 
and the joint is preloaded. Any assembly misalignment is 
corrected using shims as necessary.  

However, it was anticipated that following this procedure 
could result in the formation of gaps within the cup and 
cone interface. An updated procedure involves first 
assembling the lander-side brackets onto the rover-side 
brackets and applying preload to ensure a gap-free 
interface, as illustrated in Fig. 17. Subsequently, the 
entire rover, with the preloaded Hold-HDRM units, is 
positioned onto the primary panel of the ramp. The rover 
wheels are then placed on the pop-up mechanisms, after 
which the lander-side brackets are secured with screws. 
Any assembly mismatches are compensated using shims 
to maintain precise alignment. 

 
Figure 17. Hold down interfaces in assembled condition 

4 SUMMARY 

The paper provided rover release mechanism design 
details with challenges encountered during assembly and 
testing activities. The vibration test provided feedback in 
terms inadequacy of preload at snubber locations. This 
resulted in a design modification involving solid snubber 
and wheel preload measurement. A small clearance at the 
differential shaft joints resulted non-nominal gaps at 
HDRM which could have hindered subsequent rover 
movement. Implementation of a simple set screw at these 
joints reduced the risk. Short circuit of telemetry signal 
was traced to increased thread lengths. Proactive 
measures anticipating potential issues in the Frangi-
actuator based HDRM design and assembly process 
ensured flawless release of rover on every attempt. 

The lander soft-landed successfully in August 2023 and 
the rover was commanded via umbilical, released from 
the ramp, and traversed over 100 meters, conducting 
scientific studies with deployed payload. Fig. 18 shows 
various stages of Chandrayaan-3 rover deployment and 
roll down as captured by lander imager. 

 
Figure 18. Chandrayaan-3 Rover Operations on  


