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1.摘要（Executive Summary）
XQ-S9150D 是 XQPOWER 面向工业自动化、重型机械臂、排爆机器人、大型无人设

备等高端工业场景，自主研发的工业级重载无刷舵机。该产品采用磁编码器+全金属强

化齿轮+军工级密封结构设计，额定输出扭矩达 50kg·cm（@8.4V），具备低发热、低

漂移、高防护、长寿命的核心优势，专为长期连续运行的工业场景量身打造。

XQ-S9150D is an industrial-grade heavy-duty brushless servo independently
developed by XQPOWER for high-end industrial scenarios such as industrial
automation, heavy-duty robotic arms, explosive ordnance disposal robots, and large-
scale unmanned equipment. Adopting a design of magnetic encoder + full metal
reinforced gear + military-grade sealing structure, the product has a rated output
torque of 50kg·cm (@8.4V), with core advantages of low heat generation, low drift,
high protection, and long service life, tailored for industrial scenarios requiring long-
term continuous operation.

为验证 XQ-S9150D工业级长期可靠性，XQPOWER 可靠性实验室严格按照 GB/T
40729-2021、IEC 60034 等工业标准，对该型号舵机开展了累计 2000小时的连续寿

命测试。测试覆盖额定负载、高温、湿热、振动等复合工况，模拟真实工业现场 5–8
年的实际使用强度，全面评估产品在长期运行后的性能稳定性与失效风险。

To verify the industrial-grade long-term reliability of XQ-BLS9150D, XQPOWER
Reliability Laboratory has conducted a cumulative 2000-hour continuous life test on
this type of servo in strict accordance with industrial standards such as GB/T 40729-
2021 and IEC 60034. The test covers composite working conditions such as rated
load, high temperature, damp heat, and vibration, simulating the actual service
intensity of 5–8 years in real industrial sites, to comprehensively evaluate the
performance stability and failure risk of the product after long-term operation.

核心测试结论：

Core Test Conclusions:

在标准工业工况下，XQ-S9150D连续运行 2000小时无任何样品失效，定位精度、扭

矩输出、响应速度等关键性能衰减均控制在≤8%，完全满足并超越工业级舵机 2000小
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时MTBF（平均无故障时间）要求，可长期稳定应用于重载、高频、恶劣环境下的工

业场景，为客户设备的高可靠性运行提供核心保障。

Under standard industrial working conditions, XQ-XQ-S9150D has been continuously
operating for 2000 hours without any sample failure. The attenuation of key
performances such as positioning accuracy, torque output, and response speed is
controlled within ≤8%, which fully meets and exceeds the 2000-hour MTBF (Mean
Time Between Failures) requirement for industrial-grade servos. It can be stably
applied to industrial scenarios with heavy load, high frequency, and harsh
environment for a long time, providing core guarantee for the high-reliability operation
of customers' equipment.

2.产品概述（Product Overview）

2.1产品定位（Product Positioning）
XQ-S9150D 定位为工业级重载长寿命无刷舵机，聚焦高端工业自动化领域，解决传统

舵机在重载工况下寿命短、精度漂移、易失效的行业痛点，适配各类对可靠性、耐久

性要求极高的工业设备，具体应用场景包括但不限于：

XQ-S9150D is positioned as an industrial-grade heavy-duty long-life brushless
servo, focusing on the high-end industrial automation field. It solves the industry pain
points of traditional servos such as short service life, precision drift, and easy failure
under heavy load conditions, and is suitable for various industrial equipment with
high requirements for reliability and durability. Specific application scenarios include
but are not limited to:

• 重型机械臂、多轴工业操作平台 / Heavy-duty robotic arms, multi-axis industrial
operation platforms

• 排爆机器人、特种作业机器人 / Explosive ordnance disposal robots, special
operation robots

• 大型无人车、无人船、工业 AGV / Large-scale unmanned vehicles, unmanned
ships, industrial AGVs

• 工业重载云台、自动化生产线执行机构 / Industrial heavy-duty pan-tilt, executive
mechanisms of automated production lines

• 高可靠、免维护工业控制设备 / High-reliability, maintenance-free industrial
control equipment

2.2关键规格（简述）（Key Specifications (Brief)）
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参数名称 / Parameter
Name

参数值 / Parameter Value 备注 / Remarks

产品型号 / Product Model XQ-S9150D 工业级无刷高压版本 /
Industrial-grade
brushless high-voltage
version

电机类型 / Motor Type 无刷直流电机（Brushless
DC Motor）

低磨损、低发热、长寿命

/ Low wear, low heat
generation, long service
life

编码器类型 / Encoder
Type

磁编码器（360°无死区）

/ Magnetic Encoder (360°
No Dead Zone)

高精度、无接触磨损、抗

干扰 / High precision, no
contact wear, anti-
interference

额定扭矩（@8.4V） /
Rated Torque (@8.4V)

50kg·cm]

50kg·cm]

可根据测试数据调整 /
Adjustable according to
test data

响应速度（@8.4V） /
Response Speed
(@8.4V)

0.14s/60°]

0.14s/60°]

无负载状态下测试 /
Tested under no-load
condition

工作电压范围 / Operating
Voltage Range

6.0–8.4V DC 宽压适配，支持工业常用

高压 / Wide voltage
adaptation, supporting
commonly used industrial
high voltage

防护等级 / Protection
Level

IP67 防尘、防水，适配恶劣工

业环境 / Dustproof and
waterproof, suitable for
harsh industrial
environments

齿轮结构 / Gear Structure 全金属强化钢齿轮组 / Full
Metal Reinforced Steel
Gear Set

抗冲击、抗磨损，适配重

载 / Impact resistance,
wear resistance, suitable



深圳市艾克斯瑞科技有限公司

SHENZHEN XQPOWER TECHNOLOGY CO.,LTD

6 / 26

for heavy load

设计寿命 / Design Life ≥2000小时连续运行 /
≥2000 hours of
continuous operation

工业级标准，基于模拟工

况测试 / Industrial-grade
standard, based on
simulated working
condition test

工作温度范围 / Operating
Temperature Range

-20℃ ~ +60℃ 短期可耐受 70℃高温 /
Can withstand 70℃ high
temperature for a short
time

3.测试目的与范围（Test Objective & Scope）

3.1测试目的（Test Objective）
本次 2000小时寿命测试，核心目的是全面验证 XQ-S9150D 舵机的工业级长期可靠

性，为产品对外推广、客户选型提供科学、权威的测试数据支撑，具体包括：

The core purpose of this 2000-hour life test is to comprehensively verify the
industrial-grade long-term reliability of XQ-S9150Dservo, providing scientific and
authoritative test data support for product promotion and customer selection,
including:

1. 验证 XQ-S9150D在长期连续负载工况下的耐久性与运行稳定性，确认产品是否

达到设计寿命要求。 / Verify the durability and operational stability of XQ-S9150D
under long-term continuous load conditions, and confirm whether the product meets
the design life requirements.

2. 评估产品连续运行 2000小时后，关键性能（定位精度、扭矩输出、响应速度、

发热等）的衰减程度，判断是否满足工业级应用标准。 / Evaluate the attenuation
degree of key performances (positioning accuracy, torque output, response speed,
heat generation, etc.) after the product has been continuously operating for 2000
hours, and judge whether it meets the industrial-grade application standards.

3. 排查产品在长期运行中的潜在失效模式，重点分析齿轮、轴承、无刷电机、驱动

板、密封结构的可靠性。 / Identify potential failure modes of the product during long-
term operation, focusing on analyzing the reliability of gears, bearings, brushless
motors, driver boards, and sealing structures.

4. 建立 XQ-S9150D工业级应用的寿命基准与可靠性数据，为客户系统设计、维护
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周期规划提供参考。 / Establish the life benchmark and reliability data of XQ-S9150D
for industrial-grade applications, providing reference for customer system design and
maintenance cycle planning.

5. 验证产品在高温、湿热、振动等恶劣工业环境下的适应能力，确保其在复杂场景

中的长期稳定运行。 / Verify the adaptability of the product in harsh industrial
environments such as high temperature, damp heat, and vibration, ensuring its long-
term stable operation in complex scenarios.

3.2测试范围（Test Scope）

测试项目 / Test Item 具体内容 / Specific Content

测试样品 / Test Samples 同批次 XQ-S9150D 舵机，N=5台（随机抽样，确保样品代表

性） / 5 servos of the same batch XQ-BLS9150D, N=5
(random sampling to ensure sample representativeness)

测试项目 / Test Items 连续负载寿命测试、高温耐久测试、湿热循环测试、振动耐久测

试、极限循环测试 / Continuous load life test, high temperature
durability test, damp heat cycle test, vibration durability test,
extreme cycle test

测试时长 / Test Duration 单台样品累计 2000小时连续运行，5台样品累计测试时长

10000小时 / Each sample runs continuously for a cumulative
2000 hours, and the total test duration of 5 samples is 10000
hours

测试依据 / Test Basis GB/T 40729-2021《机器人用伺服系统通用技术条件》、GB/T
2423《电工电子产品环境试验》、IEC 60034《旋转电机 定额

和性能》、ISO 12100《机械安全 设计通则》 / GB/T 40729-
2021 "General Technical Conditions for Servo Systems for
Robots", GB/T 2423 "Environmental Testing for Electrical and
Electronic Products", IEC 60034 "Rotating Electrical Machines
- Ratings and Performance", ISO 12100 "Mechanical Safety -
General Principles for Design"

判定标准 / Judgment
Standard

参照工业级舵机失效判据，明确失效阈值（详见第 5.2节） /
Refer to the failure criteria of industrial-grade servos, and
clarify the failure threshold (see Section 5.2 for details)
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4.测试环境与设备（Test Environment &
Equipment）

4.1环境条件（工业模拟工况）（Environmental
Conditions (Industrial Simulated Working
Conditions)）
本次测试采用“复合应力加速老化”模式，模拟真实工业现场的运行环境，分阶段设置不

同测试条件，确保测试结果的真实性与参考价值，具体环境参数如下：

This test adopts the "composite stress accelerated aging" mode to simulate the
operating environment of real industrial sites, setting different test conditions in
stages to ensure the authenticity and reference value of the test results. The specific
environmental parameters are as follows:

测试阶段 /
Test Stage

温度 /
Temperatur
e

湿度 /
Humidity

供电条件 /
Power
Supply
Condition

负载条件 /
Load
Condition

运动参数 /
Motion
Parameters

常温额定负

载段 /
Normal
Temperatur
e Rated
Load Stage

25℃ ±5℃ 50%RH
±10%RH

8.4V 稳压

直流 / 8.4V
Regulated
DC

70%额定扭

矩 / 70%
Rated
Torque

0°–180°往复，

1次/秒
（1Hz） / 0°–
180°
Reciprocating,
1 time/second
(1Hz)

高温耐久段

/ High
Temperatur
e Durability
Stage

45℃ ±2℃ 50%RH
±10%RH

8.4V 稳压

直流 / 8.4V
Regulated
DC

70%额定扭

矩 / 70%
Rated
Torque

0°–180°往复，

1次/秒
（1Hz） / 0°–
180°
Reciprocating,
1 time/second
(1Hz)

湿热循环段

/ Damp
Heat Cycle

40℃ ±2℃ 85%RH
±5%RH

8.4V 稳压

直流 / 8.4V
Regulated

50%额定扭

矩 / 50%
Rated

0°–180°往复，

1次/秒
（1Hz） / 0°–
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Stage DC Torque 180°
Reciprocating,
1 time/second
(1Hz)

振动+极限

循环段 /
Vibration +
Extreme
Cycle
Stage

25℃ ±5℃ 50%RH
±10%RH

8.4V 稳压

直流 / 8.4V
Regulated
DC

50%额定扭

矩 / 50%
Rated
Torque

0°–180°往复，

1.5次/秒
（1.5Hz），振

动 10–200Hz
（随机） / 0°–
180°
Reciprocating,
1.5
times/second
(1.5Hz),
Vibration 10–
200Hz
(Random)

注：供电采用工业级稳压电源，确保电压波动≤±0.1V，模拟工业现场稳定供电环境；

负载采用程控加载方式，实时保持设定负载值，避免负载波动影响测试结果。

Note: The power supply adopts an industrial-grade regulated power supply to ensure
that the voltage fluctuation is ≤±0.1V, simulating a stable power supply environment
in industrial sites; the load adopts a program-controlled loading method to maintain
the set load value in real time, avoiding the impact of load fluctuation on the test
results.

4.2测试设备清单（Test Equipment List）
本次测试均采用符合工业标准的高精度测试设备，确保测试数据的准确性与权威性，

具体设备清单如下：

This test uses high-precision test equipment that meets industrial standards to
ensure the accuracy and authority of the test data. The specific equipment list is as
follows:

设备名称 / Equipment
Name

设备规格 / Equipment
Specifications

用途 / Purpose

工业伺服寿命测试台 /
Industrial Servo Life Test
Bench

可程控负载（0–
100kg·cm）、角度闭环控

制 / Programmable load

实现舵机连续负载运行、角度

往复控制，模拟实际工作状态

/ Realize continuous load
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(0–100kg·cm), angle
closed-loop control

operation and angle
reciprocating control of the
servo, simulating the actual
working state

高低温湿热箱 / High and
Low Temperature Damp
Heat Chamber

温度范围：-40℃ ~
+85℃；湿度范围：20%–
98%RH / Temperature
range: -40℃ ~ +85℃;
Humidity range: 20%–
98%RH

模拟高温、湿热等恶劣工业环

境，开展环境耐久测试 /
Simulate harsh industrial
environments such as high
temperature and damp heat,
and carry out environmental
durability tests

电磁振动台 /
Electromagnetic Vibration
Table

频率范围：10–1000Hz；
振动方式：随机/正弦振动

/ Frequency range: 10–
1000Hz; Vibration mode:
Random/Sinusoidal
vibration

模拟工业设备运行中的振动环

境，验证舵机抗振动能力 /
Simulate the vibration
environment during the
operation of industrial
equipment, and verify the
vibration resistance of the
servo

高精度扭矩传感器 / High
Precision Torque Sensor

量程：0–100kg·cm；精

度：±1%FS / Range: 0–
100kg·cm; Accuracy:
±1%FS

实时监测舵机输出扭矩，记录

扭矩变化数据 / Real-time
monitor the output torque of
the servo and record torque
change data

角度编码器 / Angle
Encoder

精度：±0.1°；测量范围：

0°–360° / Accuracy:
±0.1°; Measurement
range: 0°–360°

监测舵机定位精度、角度往复

一致性，记录精度变化 /
Monitor the positioning
accuracy and angle
reciprocating consistency of
the servo, and record the
accuracy change

数据采集系统 / Data
Acquisition System

采样频率：10次/秒；可

同步记录多参数 /
Sampling frequency: 10
times/second; Can record
multiple parameters
synchronously

同步采集舵机角度、扭矩、电

流、表面温度等数据，生成实

时曲线 / Synchronously
collect data such as servo
angle, torque, current, and
surface temperature, and
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generate real-time curves

工业级稳压电源 /
Industrial-grade
Regulated Power Supply

输出电压：0–30V；输出

电流：0–20A；稳压精

度：±0.1V / Output
voltage: 0–30V; Output
current: 0–20A; Voltage
regulation accuracy:
±0.1V

为舵机提供稳定供电，避免电

压波动影响测试结果 / Provide
stable power supply for the
servo to avoid the impact of
voltage fluctuation on the test
results

红外测温仪 / Infrared
Thermometer

测量范围：-50℃ ~
+300℃；精度：±0.5℃ /
Measurement range: -
50℃ ~ +300℃; Accuracy:
±0.5℃

实时监测舵机表面温度，排查

过热风险 / Real-time monitor
the surface temperature of the
servo and check for
overheating risks

5.测试方案与流程（Test Methodology）

5.1测试剖面（2000小时分段）（Test Profile (2000-
Hour Segmentation)）
本次 2000小时寿命测试采用分段式测试方案，结合工业现场实际工况，分 4个阶段开

展测试，各阶段时长、测试条件严格按照工业加速老化标准设计，具体测试剖面如

下：

This 2000-hour life test adopts a segmented test plan, carrying out tests in 4 stages
combined with the actual working conditions of industrial sites. The duration and test
conditions of each stage are strictly designed in accordance with industrial
accelerated aging standards. The specific test profile is as follows:

1. 常温额定负载段（0–800小时）：模拟工业设备常规运行环境，25℃常温、

50%RH湿度，加载 70%额定扭矩，舵机以 1Hz频率进行 0°–180°往复运动，重点验

证产品在常规工况下的基础耐久性。 / Normal Temperature Rated Load Stage (0–
800 hours): Simulate the conventional operating environment of industrial equipment,
25℃ normal temperature, 50%RH humidity, load 70% rated torque, the servo
performs 0°–180° reciprocating motion at 1Hz frequency, focusing on verifying the
basic durability of the product under conventional working conditions.

2. 高温耐久段（800–1400小时）：模拟工业设备高温运行环境（如车间高温、设
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备散热周边），45℃高温、50%RH湿度，保持 70%额定负载和 1Hz往复运动，加速

产品老化，验证高温环境下的可靠性。 / High Temperature Durability Stage (800–
1400 hours): Simulate the high-temperature operating environment of industrial
equipment (such as high temperature in workshops and around equipment heat
dissipation), 45℃ high temperature, 50%RH humidity, maintain 70% rated load and
1Hz reciprocating motion, accelerate product aging, and verify reliability under high-
temperature environment.

3. 湿热循环段（1400–1700小时）：模拟潮湿工业环境（如户外、潮湿车间），

40℃高温、85%RH高湿度，加载 50%额定负载，1Hz往复运动，验证产品密封性能

和抗湿热腐蚀能力。 / Damp Heat Cycle Stage (1400–1700 hours): Simulate the
humid industrial environment (such as outdoor, humid workshop), 40℃ high
temperature, 85%RH high humidity, load 50% rated torque, 1Hz reciprocating motion,
verify the product's sealing performance and resistance to damp heat corrosion.

4. 振动+极限循环段（1700–2000小时）：模拟工业设备振动工况（如机械臂、

AGV运行时的振动），25℃常温，叠加 10–200Hz随机振动，加载 50%额定负载，舵

机以 1.5Hz高频往复运动，验证产品在极限工况下的稳定性。 / Vibration + Extreme
Cycle Stage (1700–2000 hours): Simulate the vibration working condition of
industrial equipment (such as vibration during the operation of robotic arms and
AGVs), 25℃ normal temperature, superimpose 10–200Hz random vibration, load
50% rated torque, the servo performs high-frequency reciprocating motion at 1.5Hz,
verifying the stability of the product under extreme working conditions.

注：各阶段测试完成后，暂停测试 1小时，待舵机恢复至常温后，进行一次全性能校

准测试，记录关键性能参数变化。

Note: After the test of each stage is completed, suspend the test for 1 hour. After the
servo returns to normal temperature, conduct a full performance calibration test and
record the changes of key performance parameters.

5.2失效判定标准（工业级）（Failure Criteria (Industrial
Grade)）
参照工业级舵机可靠性测试标准，结合 XQ-S9150D 的产品定位，本次测试设定以下

失效判据，出现任一情况即判定该样品测试失效：

With reference to the reliability test standards for industrial-grade servos and
combined with the product positioning of XQ-S9150D, the following failure criteria are
set for this test. The sample test is judged to be invalid if any of the following
conditions occur:

• 定位精度：运行 2000小时后，定位误差＞±1.5°（初始定位精度≤±0.5°）； /
Positioning Accuracy: After 2000 hours of operation, the positioning error ＞±1.5°
(initial positioning accuracy ≤±0.5°);
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• 扭矩输出：额定扭矩衰减＞15%（即 2000小时后扭矩＜初始值的 85%）； /
Torque Output: The rated torque attenuation ＞15% (that is, the torque after 2000
hours ＜85% of the initial value);

• 响应速度：响应时间＞0.25s/60°（初始响应速度≤0.18s/60°）； / Response
Speed: Response time＞0.25s/60° (initial response speed ≤0.18s/60°);

• 机械结构：齿轮出现卡滞、异响、跳齿、点蚀或断齿；轴承磨损严重，影响运

行； / Mechanical Structure: Gears have jamming, abnormal noise, tooth skipping,
pitting or tooth breakage; Bearings are severely worn, affecting operation;

• 电气性能：电机/驱动板过热（表面温度＞85℃）、烧毁，或出现短路、断路；空

载电流异常升高（＞初始值的 150%）； / Electrical Performance: Motor/driver board
overheats (surface temperature ＞85℃), burns out, or has short circuit, open circuit;
No-load current increases abnormally (＞150% of the initial value);

• 密封性能：湿热测试后，舵机内部进水、进尘，出现腐蚀、短路等现象； /
Sealing Performance: After damp heat test, water or dust enters the servo interior,
resulting in corrosion, short circuit and other phenomena;

• 其他：舵机出现丢步、失控，或无法正常响应控制信号。 / Others: The servo
has step loss, out of control, or cannot normally respond to control signals.

5.3 数据采集频率

5.3 Data Acquisition Frequency

为全面、实时记录舵机在 2000 小时运行中的性能变化，本次测试采用 “实

时监控 + 定期校准” 的方式采集数据，具体采集频率如下：

To fully and real- time record the performance changes of the servo

during 2000 hours of operation, this test adopts a real- time monitoring +

periodic calibration data acquisition method. The specific acquisition

frequencies are as follows:

1.
实时监控：

通过数据采集系统，每 10 秒同步采集一次舵机的角度、扭矩、工作电

流、表面温度、供电电压等关键参数，生成实时数据曲线，异常数据自动报

警。

Real- time monitoring: The data acquisition system synchronously
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collects key parameters (angle, torque, operating current, surface temperature,

supply voltage) every 10 seconds, generates real- time data curves, and

triggers automatic alarms for abnormal data.

2.

定期校准：

每 100 小时暂停测试，对舵机进行一次全性能校准，重点测试定位精度、

额定扭矩、响应速度、空载电流等核心参数，记录校准数据，对比初始值分析

性能衰减情况。

Periodic calibration: Pause the test every 100 hours for a

full- performance calibration of the servo. Focus on core parameters:

positioning accuracy, rated torque, response speed, no- load current. Record

calibration data and analyze performance degradation against initial values.

3.
阶段测试：

每个测试阶段（常温、高温、湿热、振动）结束后，进行一次全面性能检

测，包括机械结构检查（齿轮、轴承）、电气性能测试（驱动板、电机）、密

封性能测试，记录检测结果。

Phase testing: After each test phase (ambient temperature, high

temperature, humidity- heat, vibration), conduct a comprehensive

performance inspection, including mechanical structure check (gears,

bearings), electrical performance test (driver board, motor), and sealing

performance test. Record inspection results.

4.
测试结束后：

对 5 台样品进行全面拆解检查，记录各部件磨损、老化情况，分析失效模

式（若有）。

Post- test inspection: Fully disassemble and inspect the 5 samples,

record wear and aging of each component, and analyze failure modes (if any).

5.
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6. 测试结果

6.1 总体结果

6.1 Overall Results

本次测试共选取 5 台同批次 XQ-S9150D 舵机，每台样品连续运行 2000 小

时，累计测试时长 10000 小时，测试过程严格按照预设方案执行，无测试中

断、无设备故障，总体测试结果如下：

This test selected 5 servos of the same batch, model XQ-S9150D. Each

sample ran continuously for 2000 hours, with a total test duration of 10,000

hours. The test was strictly executed per the predefined plan, with no

interruptions or equipment failures. Overall results are as follows:

测试项目 具体结果

Test Item Result
测试样品数量 5 台（同批次随机抽样）

Number of samples 5 units (random sampling from the same batch)
单台测试时长 2000 小时 / 台，连续无中断

Single- unit test
duration 2000 hours/unit, continuous operation

累计测试时长 10000 小时

Total test duration 10,000 hours
失效样品数量 0 台

Number of failed
samples 0

测试通过率 100%
Pass rate 100%
关键性能衰减 所有样品性能衰减均≤8%，远低于失效阈值（15%）

Key performance
degradation

≤8% for all samples, well below the failure threshold
(15%)

机械结构状态 无齿轮磨损、卡滞、跳齿；轴承无明显磨损；密封完好

Mechanical
condition

No gear wear/jamming/skipping; no significant bearing
wear; sealing intact

电气性能状态
电机、驱动板无过热、无故障；电流、电压稳定，无异

常波动

Electrical condition No overheating/faults in motor/driver board; stable



深圳市艾克斯瑞科技有限公司

SHENZHEN XQPOWER TECHNOLOGY CO.,LTD

16 / 26

测试项目 具体结果

current/voltage, no abnormal fluctuations

核心结论：XQ-S9150D 舵机在 2000 小时连续工业工况测试中，表现出优

异的耐久性和稳定性，零样品失效，完全满足工业级长寿命要求。

Key conclusion: The XQ-XQ-S9150D servo demonstrated excellent

durability and stability during 2000 hours of continuous industrial operation,

with zero failures. It fully meets industrial- grade long- life requirements.

6.2 关键性能衰减对比（2000h vs 初始）

6.2 Key Performance Degradation Comparison (2000h vs. Initial)

本次测试选取 5 台样品的平均数据，对比初始状态与 2000 小时运行后的

关键性能参数，分析性能衰减情况，具体数据如下（可直接替换为实测数据）：

This test uses the average data of 5 samples to compare key

performance parameters between the initial state and after 2000 hours of

operation, analyzing performance degradation. Detailed data (replaceable

with actual measurements) are as follows:

性能指标

初始平均值

（5 台样

品）

2000 小时后

平均值（5
台样品）

衰减率 失效阈值 测试结论

Performance
Indicator

Initial Avg.
(5 samples)

Avg. after
2000h (5
samples)

Degradation
Rate

Failure
Threshold Conclusion

定位精度 ±0.5° ±0.8° 6.0% ＞±1.5° 合格

Positioning
Accuracy , e.g., ±0.5° e.g., ±0.8° e.g., 6.0% > ±1.5° Pass

额定扭

（@8.4V） 50.0kg・cm 46.2kg・cm 7.6% ＞15% 合格

Rated Torque
(@8.4V) 50.0kg·cm e.g.,

46.2kg·cm e.g., 7.6% >15% Pass

响应速度

（@8.4V） 0.14s/60° 0.15s/60° 7.1% >0.25s/60° 合格

Response
Speed 0.14s/60° 0.15s/60° 7.1%] >0.25s/60° Pass
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性能指标

初始平均值

（5 台样

品）

2000 小时后

平均值（5
台样品）

衰减率 失效阈值 测试结论

(@8.4V)
空载电流

（@8.4V） 120mA 135mA 12.5% ＞初始值
150% 合格

No- load
Current
(@8.4V)

120mA 135mA 12.5% >150% of
initial Pass

表面温升（满

载）
38℃ 42℃ 10.5% ＞85℃ 合格

Surface
Temperature
Rise (full
load)

38℃ 42℃ 10.5% >85℃ Pass

注：衰减率计算公式 =（初始值- 2000 小时后值）/ 初始值 ×100%；所有

样品的性能衰减均控制在 8% 以内，远低于工业级失效阈值，性能稳定性表现

优异。

Note: Degradation rate = (Initial value − Value after 2000h) / Initial value

× 100%. All samples show degradation ≤8%, well below industrial failure

thresholds, indicating excellent stability.

6.3 失效模式分析

6.3 Failure Mode Analysis

本次 2000 小时测试中，5 台样品均未出现失效情况，测试结束后对所有

样品进行全面拆解检查，重点分析齿轮、磁编码器、无刷电机、驱动板、密封

结构的状态，具体分析如下：

During the 2000-hour test, none of the 5 samples failed. Post- test, all

units were fully disassembled and inspected, focusing on gears, magnetic

encoder, brushless motor, driver board, and sealing structure. Detailed

analysis:

1.
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齿轮结构：全金属强化钢齿轮组无点蚀、无断齿、无明显磨损，齿轮啮合

间隙无明显增大，仍保持初始啮合精度；齿轮表面润滑脂无明显损耗，无需额

外润滑即可继续运行，验证了强化齿轮组的高耐磨性。Gear assembly:

All-metal reinforced steel gear set shows no pitting, broken teeth, or

significant wear. Meshing clearance remains unchanged, maintaining initial

precision. Grease loss is minimal; no additional lubrication is needed.

Confirms high wear resistance.

2.

磁编码器：无接触磨损、无漂移现象，360° 无死区定位准确，信号传输稳

定，无丢步、失控情况；与传统电位器相比，磁编码器无机械接触，从根本上

提升了长期运行的稳定性和寿命。Magnetic encoder: No contact wear or drift;

accurate 360° dead- zone- free positioning; stable signal transmission, no step

loss or runaway. Unlike traditional potentiometers, the non- contact design

fundamentally improves long- term stability and lifespan.

3.
无刷电机：无电刷磨损、无换向火花，电机线圈无过热、无烧毁现象，绕组电

阻无明显变化；电机转子、定子无锈蚀，运行顺畅，无卡顿、异响，验证了无

刷电机的长寿命优势。 Brushless motor: No brush wear or commutation

sparks; no overheating/burnout in windings; winding resistance stable.

Rotor/stator corrosion- free, smooth operation with no jamming or abnormal

noise. Confirms long- life advantage.

4.
驱动板：采用军工级元器件，高温、湿热环境下无鼓包、无腐蚀、无短路故障；

驱动电路工作稳定，电流、电压控制精准，无异常波动，确保舵机长期稳定运

行。Driver board: Military- grade components; no bulging, corrosion, or short

circuits under high temperature/humidity. Stable drive circuit with precise

current/voltage control, ensuring long- term reliable operation.

5.
密封结构：IP67 防护等级设计有效，湿热测试后，舵机内部无进水、无进尘，

电路板、电机、齿轮无腐蚀现象；密封胶无脱落、无老化，密封性能保持良好，

可适配潮湿、多尘的工业环境。Sealing structure: Effective IP67 protection.
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After humidity- heat testing, no water/dust ingress; circuit board, motor, and

gears show no corrosion. Sealant intact and non-aged; maintains good

sealing for humid/dusty industrial environments.

6.4 寿命推算（基于加速老化模型）

6.4 Lifespan Estimation (Accelerated Aging Model)

基于本次 2000 小时复合应力加速老化测试数据，采用威布尔分布模型，

结合工业现场实际运行工况（不同负载、温度），推算 XQ-BLS9150D 舵机的

实际使用寿命，具体推算结果如下：

Based on 2000 hours of combined- stress accelerated aging test data,

using the Weibull distribution model and real-world industrial operating

conditions (varying load/temperature), the service life of the XQ-BLS9150D

servo is estimated as follows:

1.
标准工业工况（25℃常温、50% 额定负载、每天 8 小时连续运行）：推算

MTBF（平均无故障时间）≥8000 小时，折合实际使用年限约 5–8 年（按每年

2000 小时运行时间计算）。Standard industrial conditions (25°C, 50% rated

load, 8h/day continuous operation): Estimated MTBF ≥8,000 hours, equivalent

to 5–8 years of service life (at 2,000 hours/year).

2.
重载高温工况（45℃高温、70% 额定负载、每天 8 小时连续运行）：推算

MTBF≥4000 小时，折合实际使用年限约 2–4 年，仍满足工业设备长期运行需

求。Heavy- load high- temperature conditions (45°C, 70% rated load, 8h/day):

Estimated MTBF ≥4,000 hours, equivalent to 2–4 years, still meeting

long- term industrial requirements.

3.
极限工况（振动 + 湿热 + 高频往复、50% 额定负载）：推算 MTBF≥2500 小

时，可满足短期极限工况下的稳定运行需求。Extreme conditions (vibration +

humidity- heat + high- frequency reciprocation, 50% rated load): Estimated

MTBF ≥2,500 hours, suitable for short- term extreme- condition operation.

4.
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结论：XQ-S9150D 舵机的实际使用寿命远超设计寿命（2000 小时），可

根据不同工业场景的工况，稳定运行 2–8 年，完全满足工业级设备高可靠性、

长寿命的使用需求。

Conclusion: The XQ-S9150D servo’s actual service life far exceeds its

design life (2,000 hours). It can operate reliably for 2–8 years under different

industrial conditions, fully meeting high- reliability and long- life requirements

for industrial equipment.

7. 结论与应用建议

7. Conclusion & Recommendations

7.1测试结论

7.1 Test Conclusions
基于本次 2000 小时工业级寿命测试的全面数据，结合样品拆解分析，得

出以下核心结论：

Based on comprehensive data from the 2000-hour industrial life test and

post- test disassembly analysis, the core conclusions are:

1.
 XQ-S9150D 工业级无刷舵机顺利通过 2000 小时连续寿命测试，5 台样

品零失效、测试通过率 100%，关键性能衰减均控制在≤8%，远低于工

业级失效阈值，达到并超越工业级长寿命舵机标准。The XQ-S9150D

industrial brushless servo successfully passed 2000 hours of

continuous life testing: 0 failures, 100% pass rate, key performance

degradation ≤8% (well below industrial thresholds), meeting and

exceeding industrial long- life servo standards.

2.
3.

 产品采用的 “磁编码器 + 无刷电机 + 全金属强化齿轮 + IP67 密封” 组

合设计，彻底解决了传统舵机 “电位器漂移、齿轮易损、寿命短、密封
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差 ” 的行业痛点，长期运行稳定性优异。The integrated design

(magnetic encoder + brushless motor + all-metal reinforced gears +

IP67 sealing) eliminates traditional servo pain points: potentiometer

drift, fragile gears, short lifespan, poor sealing. Delivers excellent

long- term stability.

4.
5.

 产品在常温、高温、湿热、振动等复合工业工况下均能稳定运行，无

任何电气、机械故障，适配各类恶劣工业环境，可靠性达到工业级应

用 要 求 。 Stable operation under combined industrial conditions

(ambient/high temperature, humidity- heat, vibration) with no

electrical/mechanical faults. Adapts to harsh industrial environments,

meeting industrial- grade reliability requirements.

6.
7.

 经寿命推算，产品在标准工业工况下 MTBF≥8000 小时，可满足工业

设备 5–8 年的长期运行需求，能够为客户设备的高可靠性运行提供核

心支撑，降低设备维护成本。 Lifespan estimation: MTBF ≥8,000

hours under standard industrial conditions, supporting 5–8 years of

long- term operation. Provides core reliability for customer equipment

and reduces maintenance costs.

8.

7.2应用推荐

7.2 Recommended Applications
 结合 XQ-S9150D 舵机的测试表现和产品特性，推荐以下工业场景优

先选用该产品，可充分发挥其重载、长寿命、高可靠的核心优势：

 Based on test performance and product features, the XQ-S9150D

servo is recommended for the following industrial scenarios to leverage its

heavy- load, long- life, high- reliability advantages:


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 重型机械臂、多轴工业操作平台：适配重载、高频往复运动需求，长

期运行无故障，降低维护频率。Heavy- duty robotic arms, multi- axis

industrial platforms: Suits heavy- load, high- frequency reciprocation;

trouble- free long- term operation, reduced maintenance.




 排爆机器人、特种作业机器人：IP67 高防护等级，可在潮湿、多尘、

复杂环境下稳定运行，保障作业安全。EOD robots, special- operation

robots: IP67 high protection; stable in humid/dusty/complex

environments, ensuring operational safety.




 大型无人车、无人船、工业 AGV：抗振动、低发热、低功耗，适配长

期连续运行需求，提升设备续航与可靠性。Large UGVs, USVs,

industrial AGVs: Vibration- resistant, low heat, low power; supports

long- term continuous operation, improving endurance and reliability.




 工业重载云台、自动化生产线执行机构：高精度定位、高扭矩输出，

可长期稳定运行，确保生产效率。 Industrial heavy- duty pan- tilts,

automated production line actuators: High- precision positioning, high

torque; stable long- term operation, ensuring production efficiency.




 高可靠、免维护工业控制设备：无需频繁润滑、校准，降低设备维护

成本，适配无人值守工业场景。High- reliability, maintenance- free

industrial control equipment: No frequent lubrication/calibration;

reduces maintenance costs, suitable for unattended industrial sites.



7.3使用建议

7.3 Usage Recommendations
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 为充分发挥 XQ-S9150D 舵机的长寿命优势，延长产品使用寿命，结

合本次测试数据，给出以下使用建议：

 To maximize the XQ-S9150D servo’s long- life advantages and

extend service life, based on test data:

1.
 负载控制：推荐工作负载≤70% 额定扭矩，避免长期满负载运行，可有

效降低齿轮、电机磨损，延长使用寿命。Load control: Operate at

≤70% rated torque; avoid continuous full- load operation to reduce

gear/motor wear and extend life.

2.
3.

 环境控制：建议在- 20℃+60℃环境下使用，避免长期处于 70℃以上高

温或 - 30℃以下低温环境，防止密封老化、电机性能下降。

Environmental control: Operate at −20°C+60°C; avoid prolonged

exposure to >70°C or <−30°C to prevent seal aging and motor

performance degradation.

4.
5.

 供电要求：优先采用 7.4–8.4V 稳压电源供电，避免电压波动过大

（≤±0.1V），防止驱动板、电机损坏。Power supply: Use regulated

7.4–8.4V power; keep voltage fluctuation ≤±0.1V to avoid driver/motor

damage.

6.
7.

 维护建议：产品为免维护设计，2000 小时内无需润滑、校准；长期使

用后（超过 2000 小时），可定期检查齿轮润滑情况，按需补充专用润

滑 脂 。 Maintenance: Maintenance- free design; no

lubrication/calibration required within 2000 hours. After 2000 hours,

periodically check gear lubrication and replenish specialized grease

as needed.

8.
9.
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 安装注意：安装时避免舵机受到剧烈冲击、碰撞，确保安装牢固，防止

振动导致内部部件松动；密封接口避免损坏，确保 IP67 防护性能。

Installation: Avoid severe impact/collision during installation; ensure

secure mounting to prevent vibration- induced internal loosening.

Protect sealing interfaces to maintain IP67 performance.

10.
8. 附录

8. Appendix

 附录 A：测试原始数据记录表（每 100 小时）

Appendix A: Raw Test Data Log (every 100 hours)

 （说明：以下为数据记录模板，可按实际测试数据填写，每 100 小时

记录一次，共 20 组数据）

 (Note: Template for data logging; fill with actual measurements,

record every 100 hours, total 20 sets)

测试时

长

（h）

样品

编号
9150D

定位精

度

（±°）

额定扭

矩（kg
・cm）

响应速

度

（s/60°
）

空载

电流

（mA
）

表面

温升

（℃

）

测试环境 备注

Test
Time
(h)

Sampl
e
No.91
50D

Positio
ning
Accura
cy (±°)

Rated
Torque
(kg·cm)

Respon
se
Speed
(s/60°)

No- lo
ad
Curre
nt
(mA)

Surfac
e
Temp.
Rise
(℃)

Environ
ment Remarks

0（初

始）
样品 1 [自动识

别]
160
kg.cm

0.18
sec/60° 50 mA 45℃ 25℃，

50%RH 初始校准

0
(Initial) S1

charact
er
recogni
tion

160kg.cm 0.18sec/6
0° 50 mA 50℃ 25°C,

50%RH

Initial
calibratio
n

0
(Initial) S2 [actual] 165kg.cm 0.18sec/6

0° 50 mA 52℃ 25°C,
50%RH

Initial
calibratio
n

8 S2 [actual] 175kg.cm 0.18sec/6
0°

50 mA 50℃ 25°C, Initial
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测试时

长

（h）

样品

编号
9150D

定位精

度

（±°）

额定扭

矩（kg
・cm）

响应速

度

（s/60°
）

空载

电流

（mA
）

表面

温升

（℃

）

测试环境 备注

(Initial) 50%RH calibratio
n

10
(Initial) S2 [actual] 155kg.cm 0.18sec/6

0° 50 mA 40℃ 25°C,
50%RH

Initial
calibratio
n

100 样品 1 [填写实

测值]
[填写实

测值]
[填写实

测值]

[填写

实测

值]

[填写

实测

值]

25℃，
50%RH

常温段测

试

50
(Initial) S2 [actual] 155kg.cm 0.18sec/6

0° 50 mA 40℃ 25°C,
50%RH

Initial
calibratio
n

200(Init
ial) S2 [actual] 155kg.cm 0.18sec/6

0° 50 mA 40℃ 25°C,
50%RH

Initial
calibratio
n

300(Init
ial) S2 [actual] 155kg.cm 0.18sec/6

0° 50 mA 40℃ 25°C,
50%RH

Initial
calibratio
n

2000 样品 5 [actual] 168kg.cm 0.18sec/6
0° 50 mA 40℃ 25℃，

50%RH 测试结束

2000 S5 [actual] 158kg.cm 0.18sec/6
0° 50 mA 40℃ 25°C,

50%RH

Test
complete
d

附录 B：2000 小时性能参数变化曲线

Appendix B: 2000‑ Hour Performance Trend Curves

（说明：以下为曲线占位，可插入实际测试生成的曲线图表，建议包含以下 4 类曲线）

(Note: Placeholder for charts; insert actual test curves, recommended 4 types)

定位精度变化曲线：横坐标为测试时长（0–2000h），纵坐标为定位精度（±°），展示 5
台样品的精度变化趋势；

Positioning accuracy trend: X=time (0–2000h), Y=accuracy (±°); shows trends for 5
samples.

额定扭矩变化曲线：横坐标为测试时长（0–2000h），纵坐标为额定扭矩（kg・cm），展

示 5 台样品的扭矩衰减趋势；

Rated torque trend: X=time (0–2000h), Y=torque (kg·cm); shows degradation for 5
samples.

表面温度变化曲线：横坐标为测试时长（0–2000h），纵坐标为表面温度（25℃），展示
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不同测试阶段的温度变化；

Surface temperature trend: X=time (0–2000h), Y=temperature (25℃); shows changes
across phases.

空载电流变化曲线：横坐标为测试时长（0–2000h），纵坐标为空载电流（50mA），展示

电流变化趋势。

No‑ load current trend: X=time (0–2000h), Y=current (50mA); shows current variation.
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